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Introduction



INTRODUCTION

= More than 150 pesticides have been registered in india, under Insecticide
Act 1968, of which insecticides hold a' major share (37%) followed by fungicides
(28%) and herbicides (21%). There was tremendous increase in the consumption
of p'eeticides in our country during the period from 1953;54 to 1994-95.
However, thereafter a declining trend in the use of pesticides was noticed
primarily dﬁe to the better awareness of problems associated with the
indiserirninate use of these 'chel'nicals.‘ During 1995 — 1996, the total pesticide
cohsumption in India was 73652.MT, which declined to 54135 MT during 1999 —-
2000. This trend was not reflected in the case of herbicides, the consumption of
_wixich increased from 7393 MT to 7546 MT during the respective periodé

(Agnihotri, 2000).

Majority of herbicide use in our country is for wheat an'dl rice cultivation.
-Though the per hectare use of herbicides in India is very much lower (13 % of
total besticides) than that ef the developed countries (43 %), there is an
increasfng treqd in the use of herbicides. (Bhan and Misra, 2001; Chhokkar,
2001).: Among the 33 herbicides registered in India, isoproturon ranks ﬂst in
consu&xption followed by butachlor and 2,4-D. Even though 2,4-D ranks third in

consumption at national level, it occupies the first position in Kerala.

- Chlorophenoxyacetic acids are systemic chemicals and 2,4-dichloro-

phenoxy acetic acid (2,4-D) is widely used for the control of broad-leeved weeds



in cereal crops. - Salt forms of 2,4-D are safer than its esters as the former do not

release vapours to contaminate the environment.

‘:The importance of chemical weed control has been increasingly realized
by thé farmers of Kerala, especially the rice growers, due to acute scarcity of
labourers ‘duﬁng the peak periods of cultivation and high wage rates. With-
noticeable shift from transplanting to direct sowing, rice weed management with-

- herbicides is wide{y adopted. Fernoxbne, the sodium salt of 2,4-D is the cheap_er
form and is most popular in the major rice growing areas of the state viz.,

Palakkad, kole and kuttanad,

Herbicides are applied in the eélrly vegetative phase of rice crop where
there is very little plant cover and significant quantity of the applied herbicide is
ﬁkely tb fall on the soil. For the rice crop, 2,4-D is recommended at the rate of
one kgA.ha'1 at three weeks after sowing or transplanting (KAU, 1996). Hence the

coricentration of 2,4-D in the top 15 cm soil will be approximately 0.5 pg g™ soil.

. India acg:dunts one third of pesticide poisoning cases in the third world
(Bhan and Misra, 2001). Due to severity of weed problem and lack of knowledge
about the residual effect of herbicides there is a tendency for indiscriminate use

of herbicides_ in rice fields.

-

Persistence of a herbicide. in soil determines its effectiveness and
pollution potential. If 2,4-D persists in' the soil longer than the desired period it

may cause several environmental problems. Adsorption by soil is the major factor -



responsible for longer persistence of herbicides. Physicochemical properties of
soil, viz; texture, pH, organic matter content, cation and anion exchange
capacities exert a profound influence on the sorption of‘ herbicides. As2,4-D is
weakly acidic in nature, both molecular and anionic adsorption of 2,4-D is
poséible under acidic soil conditions. The major rice soils of Kerala are highly
acidin to slightly acidic in reaction and their properties are different from other |
_ soils of the country. A sqund understanding of the relationship between soil
prolnértie’s and behaviour of 2,4-D in thnse soils is necessary for kmaking

appropriate recommendations.

Sodium salt of 2,4-D is highly soluble in waiier and is likely to migrate
into giound water, which may lead to pollution of drmking watér sources.
Ano-i:}iér' risk  associated with herbicide use is the alteration of biological
écosystem either by stimulating 6r inhibiting population of soil microflora.
Continuous use of the same ‘herbicide yearb after year in an area may lead to shift
in weed flora. Increase in population of sedges like Cyperus sp., Scirpixs sp.,
Fimbristylis sp. etc. have been noticed in rice fields in Punjab and Haryana due to
continuous use of grass killers. It may also induce developmént of 2,4-D resistant

weeds in rice fields.

Considering the above factors, studies on 2,4-D residues in the rice soils
of Kerala are highly warranted. No information on 2,4-D residues in the rice
ecosystem is presently available. Hence the present study was planned with the

following objectives:



to standardize method for the determination of 2,4-D residues in soil

to study the persistence, degradation and movement of 2,4-D in the

major rice soils of Ke;ala, namely Palakkad, kole and kuttanad

to understand the influence of soil properties on the sorption

characteristics of the herbicide

to monitor the 2,4-D residues in the soil and plant at various stages of

rice growth and

to find out the effect 0of 2,4-D application on soil microbial population.



Review of literature



2. REVIEW OF LITERATURE

, In Kerala, 10w lands or coastal areas, madé up of river deitaé, backwater
and the shore of' Arabian sea are essentially the lands under rice cultivation.
Kuttanad and kole, the two .ricie bowls of the state are located in this region. The
main features of these two lands are (i) they lie at a level of 1.0 to 2.5 m below
MSL and get flooded during the monsoons. Total area under rice cultivation in
the stéte is 4.7 lakh ha, of which kuttanad occupies 1.0 lakh ha and kole occupies

11,000 ha (KAU, 1989a).

" In kuttanad, the paddy lands are classified into five groups viz., (i) single
crop lands '(ii) kayal lands (iii) karappadam (iv) double crop lands and (v) kari
Vlands,‘g based on the soil characteristics and topography. Among. these, kayal,

karappadam and kari soils are the three major rice soils of this area.

Kayal soils ﬁe found in the reclaimed lake bed of Kottayam and Ale'ppey
districts and occupy about 8,000 ha. They are situated below the sea level and
slightly acidic to neutral in soil reactio.n, low in organic matter and poor in total
and available nutrients. They are affected with salinity. The karappadam soils
occur along the inland waterways and rivers spread over a large part of uppef
kuttanad covering an area of 41,000 ha. Soils are characterized by high acidity,
high salt content and a fair amount of decomposed organic matter. They aré
generally poor in available plant nutrients, particularly phosphorus, and are

highly deficient in lime.



The kari soils are peat soils found in large isolated p.atch‘es in the Alleppey
and ﬁottayam districts covering about 20,000 ha and eXhibit characteristics of
onceféubmerged forest area. | They are deep, black, hea\}y clay soils with poor
aeration, bad drainage and low content of available nutrients. They are éuffecte(i
with -saline inundation resulting in the accumulation of salts. These soils are
highl):' acidic in reaction, the pH approaching 3.0 during the summer months

(KAU, 1984).

The kole area lies continuously along the coastal strip of Thrissur and
" Malappuram districts and cover an area of 11,000 ha. The léﬁds are reclaimed
Iaké beds. Acidity, salinity, poor drainage and presence of toxic saits are the
characters of the region dﬁrihg the summer season. T}_1e fields are submergeci
“during fhe rest of the period. Soil Sﬁrvey Unit of Department of Agticulture in
Kerala identified seven series in the kole area. They are (1) Manalur (Manalur
village) (2) Ayyanthole (Ayyanthole village) (3) Anthikad (Paralam village)
@) Kizfxpi]likkara (Cherpu village) (5) Kattoor (Kattoor village) (6) Konchira
(Venkitengu village) and (7) Perumpuzha (Manalur village). Manalur and
Ayyaﬁthole are located in the outer fringes of the kole’ and are at high geographic -
posiﬁimand have better external drainage. | The rest of five series are located in
the i;lterior regions of the kole areas and lie below mean sea level. Physico
chenﬁt:al characteristics and morphology qf the_kole soils are similar to those of

“kari soils of kuttanad (Johnkutty and Venugopal, 1993).



The Palakkad area comprises 23 % of the rice area of theAstate. ‘Palakkad
d1strlct comprlse of five taluks viz., (1) Mannarghat (2) Ottapalam (3) Palakkad
4 Alathur and (3) Chittur. The major five rice growing areas are (1) Palakkdd |
(2) Chittur (3) Alathur (4) Koyalmannam and (5) Ngnmara and they are located
in thfee taluks viz., (1) Palakkad (2) Alathur and Chittur. The soils are relét_ively
old and are formed as a result of weathering of gneissic rocks. These soils are
deep to very deep, moderately to exce»ssivelydrained with moderate permeability.
The teﬁctural range noticed is from loam to gravelly silty clay loam and colour
varies from black to dark reddish brown. Black soils are found to occur in
patches and are consid.ered as extensions of black cotton soils observed in the
adjacéht Coimbatore district of Tamil Nadu. These soils are dark, low in organic
-matte}, calcareous, neutral to moderately alkaline and high in clay content and

cation exchange capacity (KAU, 1989b).

: In kuttanad, farmers have been using 2,4-D for the last two decades and
the t-otal consumption of 2,4-D in this area during 1998 1999 was 40 MT (KAU,
1999) Eventhough relevant data on the use of 2,4-D in kole and Palakkad is not
available; there are indications that the use of 2,4-D has become a regular practice

in rice fields of these areas.

The technical information and toxicity data on 2,4-D are presented in

' Table 1.



Table 1. Technical information and toxicity data on 2,4-D

Chemical name

2, 4-dichloro phenoxyacetic acid

Chemical structure

7> — 0-CH,COH
3

Cl
Chemical formula CsHgClL,0O5
Molecular weight 221.00
Physical state, colour and odour - White crystals, odourless when pure
Specific gravity 1.565
Melting point 140.5°C
Boiling point 160°C at 0.4 mm Hg
Decomposition temperature Stable at its melting point
Vapor pressure, mm Hg at 160°C 0.4
Solubility in water at 25°C 0.09 g/100g
Solubility in Benzene at 28°C 1.07 g/100g
Solubility in Carbon tetra chloride at 25°C | 0.1 g/100g
Solubility in Ethyl ether at 25°C 27 g/100g
Acute toxicity (Acute oral LDso) forrats | 375mg/kg -

Chronic toxicity :

Rats (2 years) 1250 ppm in diet —no

effect
Dogs (2 years) 500 ppm in diet — no
effect

Dermal acute precutaneous LDsy for rats

> 1600 mg / kg

Inhalation LCs 24h exposure for rat

>1.79 mg I” air

Acceptable daily intake

0.3 mg/kg

Source: BCPC, 1979; WSSA, 1983; Gahukar, 1999

While reviewing the research works conducted in different parts of

the world and in India on the residues of 2,4-D in sqil, it was felt that the

literature is so voluminous that the presentation of all the works is beyond the

-

scope of this chapter. The major findings are classified under the following

sections.




2.1 ‘EH'istory of development of 2,4-D
2.2 .Dissipaﬁon of 2,4-D from soil

2.2.1 Mechanisms

2.2.2: Degradation of 2,4-D by soil microorganisms

2.2.2.1 Patﬁway of 2,4-D degradation by soil microbes

- 2.2.2.2. Factors influencing microbial degradation of 2,4-D in soil

2.3 Persistence of 2,4-D in soil
2.4 Adsorption of 2,4-D by soil components
2.5 Leaching and movement of 2,4-D in soil
2.6 2,4-D residues in surface and groundwater
2.7 2,4-D residues in rice ecosystem
2.8 Metabolism of 2,4-D in plants
2.9 Residue analysis techniques
2.1 Hisi:ory of development of 2,4-D

During the mid 1930°s when auxin properties of IAA were discovered
syntﬁetic compounds related to JAA were applied to a wide range of plants as
rootmg compounds by Zlmmerman and Wilcoxin in 1935. Subsequent works
showed that acetate side chain was essential for auxin behav1oul and the
: chlormated phenoxy compounds could act as analogues for indolyl compounds.
Their lower toxicity and less polar nature led quickly to the successful
| demdnstration of their herbicidal characteristics. The synthesis of 2,4-D and
2, 4,'?;:»5-T was first accomplished by Pokorny of the C. B. Dolge company,

Westport, Conn in 1941 (Pokorny, 1941). For this, equimolar quantities of
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2,4- dichlorophenol and 2, 4, 5-trichlorophenol were mixed separateiy with
monochlo'racetic _. acid and heated with a slight ‘excesis of sodium hydroxiae
together with water a’nd evqporathlg almost to dryness.  Both were white
odourless cfystals almost insoluble in wéter. In 1944, Hamner and Tukey
published a report on the seiective herbicidal action of 2,4-D and 2, .4, 5-
trichlorophenoxy acetic acid (2,7 4, 5-T) on bhdweed and on the superior
| effectiveness of 2, 4, 5-T as a bush ‘killer.. 2,4-D had a véry definite specific
toxic'ity towards broadleaved plaﬁts and it was needed in very small concentration

(Kirby, 1980).

2.2 - Dissipation of 2,4-D from soil

2.2.1 Mechanisms

Physical, chemical and biological processes are involved in 2,4-D
dissipapion from soil.  Precipitation can move the herbicide from the surface soil
1aye1%s to lowef depths. The herbicide may also dissolve in run off water. Some
quantity may be taken up from the soil by crops and weeds. With volatiie esters,
evaporative losses are possible immediately following their application. These
mechanisms of loss do not degrade the herbicide molecule, but do remove
tesidﬁes from the surface soil and distribute’ them into the enviromﬁent. Actual
degradétion of herbicide in soil is taking place by.photochemical, cheﬁﬁcal and
biochemical processes (Smith, 1989).

Photo;:henﬁcal degradation of several phenoxyalkanoic acids and their

esters have been reported in aqueous solution (Payne and -Fults, 1947; Aly and
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Faust, 1964; Crosby and Tutass, 1966; Boval and Srrﬁth, 1973; Binkley and |
Oaks, 1974; éoderquist and Crosby, 1975 and Zepp et al, 1975). But their
ph’oté;)lysis on soil surface has not been reported Since they are foliar applied
herbicides and the residueé reaching the soil surface will be partially protected
ﬁom”sun’s. radiation by the crop canopy. Thus photocherrﬁcal break down woxﬂd
not b"ehexpected-to be a major mechanism for the loss of phénoxy alkanoic acids

ﬁom.._soill. There is little breakdown of; herbicidal acids 1n -the absence of
micrébial activity and hence chemical mechanisms do ﬂot appear to result in any

significant degradation of phenoxy alkanoic acids in the soil (Smith, 1989).
2.2.2° Degradation of 2,4-D by soil microorganisms

- Microbial degradation is the major pathway of 2,4-D dissipation from
soil. ~ Shortly after their introduction, it was reported that they were degraded in
the soil by warm and moist conditions that favored microbial activity. The
importance of microorganisms in the breakdown of these herbicides was
demonstrated by the pioneering studies of Audus (1951) using soil perfusion
techniques, in which ‘soil columns were continuously percolated with aerated
solutions containing 100 ppm of the test herbicide. By monitoring the amounts
of hg_{bicide remaining in the eluate, it was shown that after an initial adsorption
of thg herbicides to sojl colloids thére was a lag phase, varying from 2 weeks for
'2,4-1;5 to 40 weeks for 2, 4, 5 T, during which little or no breakdown of the.
phen‘;o,{xyacetic acids occurred. This lag phase was then' followed by a period of

rapid herbicide degradation. Further aﬁplica’tion of the phenoxyacetic acids to



12

~the.1;erfusing‘ solution was rapidly degraded without a prior lag phase. - During
the'.lag pnase microbes produce adaptive emes which presumably resulted in
the;gradual buildup of a population: of organisms capable of metabolizing the
herﬁicides and utilizing them as a carbon sonrce for growth (Audué, 1951 and
1964). | Once this population had reached a critical size, rapid breakdown of the
phénoxyacetic acids occurred so that further additions of the herbicide to the

enriched soil were rapidly metabolized.

Subsequent investigations confirmed that microbial degradation.was the
major mechanism resulting in the decomposition of the phenoxyalkanoié acids in
the soil and various bacteria b‘ and actinomycétes capable of degrading
'pheno_xyalkanoic acids in the soil, were isolated from soils and used in cultu.‘re
solution to -investigate degradation pathways. These early studies have been
‘exte'ryisively reviewed by Audus (1951 and 1964), Freed and Mo‘nfgomery (1963),

Kearney and Kaufiman (1972), Sharpee (1973) and Loos (1975).

* Much of this eérly nﬁcrobiological work on the metabolism of
* phenoxyalkanoic acids was carried out in liquid media using microbial cultures.
As with the perfusion studies, high herbicidal concentrations were frequently
| uSed_‘v'tcS aid in the isolation and detection of both parent acids and metabolites.
Thus; the relevance “of the ea.rl& investigations to an understanding of the
biological degradation of low concentrations of phenoxyalkanoic acids in soils

under laboratory and field conditions was limited (Smith, 1989).
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Studies have been conducted to enumerate the ‘microorganisms that are
able to degrade MCPA and 2,4-D acids in soils. Leés than ten 2,4-D degrading
organisms per gram soil were reported in some soil,r -while in others over
1,000,000 per gram were enumerated (Tortensson et al., 1975; Loos et al., 1979;
Foumie;f, 1980; Cullimore, 1981; Fournier ef al., 1981; Kunc and Rybatova,

1983, Ou, 1984; Soulas ef al., 1984).

- Field plots receiving annual applications of approximately one kg ha™ of
2,4-D over a period of 32 years contained higher populations of 2,4-D degrading
orgaiﬁsms than sirnﬂar»plofs receiving 0.42 kg ha’1 and untreated check soils

(Cullimore, 1981).

- In a study conducted at highly' saline .and alkaline lake site. in
southwestern Oregon, USA, contaminated with 2,4-D production wastes, three,
- 2,4-aichlorophenoxy acetic acid (2,4-D) degrading bacterial isolates were
obtained. While similar in. most respect, the three isolates diﬂ'ered si'gniﬁcvantly
in 2,4-D degradation rates, with the most active stréin, i—18, demonstrating- an

ability to degrade upto 3000 mg 2,4-D in 3 days (Maltseva et al., 1996).
2.2.2.1 Pathway of 2,4-D degradation by soil microbes

From the early microbioldgical studies, which have been the subject of
several reviews it was apparent that major metabolic mechanisms associated with
phenoxyalkanoic acids were cleavage of the ether linkage, beta oxidation of the

side  chain aliphatic acid moiety, ring hydroxylation, and ring cleavage.
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Depending on ‘the complexity 1n the nature of soils and the presence and
- interactions of myrid soil organisms, the breakdown pathway of phenoxyalkanoic
acid's‘ in soil would be different (Audus, 1964; Freed and Montgomery, 1963; !

Kearney and Kaufman, 1972; Loos, 1975).

2,4-dichlorophenol can undergo reactions with soil constituents (Bollag et
dl., 1980 and Minard ef al.,1981) that can lead to its incorporation iﬁto soil
lorganic matter. However, such reactions probably do fxot‘ occur in soils treated
with 2,4-D, since it has been suggested that 2,4-D is degraded intracellularly
(Stott et al; 1983). Therefore any 2,4-dichlorophenol formed by metabolic
processes is likely to remain within the microbial celle and not come into contact

with soil to undergo reactions with soil components.

Both 2,4-dich10rophenol and 2,4-dichloroanisole were isolated in small
emdunts when the degradation of ring-labelled **C-2,4-D was investigated. At
rates of l.Oldpm small amounts of ring-labelled 14C-2,4-dich]orop.henol were
converted to the corresponding anisole, confirming that '*C-dichloroanisole is

formed by methylation of the phenol in soil (Smith, 1985).

Given the volatile nature of the phenols and anisoles, and the fact that the
~phenols will exist in the volatile molecular form rather than the nonvolatile
anionic form in soil, it is doubtful whether these degradation producté, could

accumulate in the field (McCall ef al., 1981 and Smith, 1985).
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Laboratory studies conducted with “C-2,4-D specifically labelled in the
carboxyl ;group,’ in the chain-2C, and with uniform labelling in the six ring carben
atoms, have indicated that in moist nonsterile soil there is rapid evolution of
4o, in all cases. These data confirm that the ring and side chain of the 2,4-D
mdlecule undergo cleavage, with major conversion of the eight carbon atoms to
carbon dioxide. The evolution of “CO, from the different labelled positions
follow a classical sigmoidal curve with a slow initial release being followed by a
rapid evolution.  Finally a plateau is reached, when release of '*CO; is continued
at a much reduced rate. 2,4-D, 2,4-DB and 2,4,5-T are easily degraded in soil to
smaller molecules, which can themselves undergo further degradatlon to carbon

“dioxide and other small carbon-containing fragments.  These are then
illeefporated into the microbial biomass and soil organic matter and buildup of
phehoﬁc degradation products in soil would not be. expected (Smith, 1989).
Gahiot and Narula (1996) reported that the resistant strains of Azotobacter
ch;dococcum degraded 2,4-D to chlorocatechol, even at a concentration of 2500
ppm, in the presence of sucrose es a C source in liquid medium and without any
addiﬁonal C source in soil. Chlorocatechol formation occurred even at stationary
phase of cells indicating co-metabolism of 2,4-D. The nitrogenase activity on
_these strains remained unaffected upto 50 iopm of 2,4-D in liquid medium.
-Accumulation of chlorocatechol showed that some strains may not be able to

metabolise this intermediary product.
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Fig. 1 Pathway of microbial degradétion of 2,4-D in soil

2,4-D degradation by Arthrobacterium and Pseudomonas
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2.25;2:.2 Factors influencing microbial degradation of 2,4-D in soil

Concentration of the herbicide in 'soil, type of formulation, presence of
other pesticides, repeated treatments, soil depth, soil pH, soil type, soil moisture
and;"soil temperature are the major factors influencing rates of loss of 2,4-D from

soils.
2.2.2.2.1 Concentration of 2,4-D in the soil

From the studies on the evblution of CO, from 14C—2,4-D treated soils,
and from the loss of radio labelled and non radioactive phenoxyalkanoic acids
from fortified soils, it appeared that the breakdown ‘of these'hérbicides partially
depends upon their soil concentration. Thus the breakdown rate approximates
ﬁrs’; order kinetics below.about 10 ppm (Altom and Strizke, 1973; Smith 197'8;.
Walker and Smith, 1979; Smith and Hayden, 1980; Smith and Hayden, 1981;
McCall et al., 1981; Sattar, 1982 and Ou; 1984), wherea‘s at higher soil
ch;entrations up to about 500 ppm, degfadation is biphasic with slow initial
breakdown followed by an increased breakdown rate (Ou et al., 1978; Fournier

et a'l.‘; 1981, Parker and Doxtader, 1982 and 1983).

In laboratory experiments where low treatment rates (1 to 5 _ppm) were
incéiifporated in the soil the herbicide would provide iﬁsufﬁcieht nutrients aﬁd
energy for an increase in the population of herbicide degrading organisms. Thus -
initial degradation would be mainly due to co-metabolism. At higher herbicide

concentrations, the degrading microorganisms should be able to utilize carbon
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from the herbicide to increase the number of the metabolizing organisms, thus
eventually increasing the herbicide degradation rate (Altom and Strizke, 1973;
Smith, 1978; Walker and Smith, 1979; Smith and Hayden, 1980; Smith and

Hayden, 1981; McCall et al., 1981; Sattar, 1982; and Ou, 1984),

It would appear that the persistence of high rates of applications of
formulated 2,4-D and 2,4, 5 T can be greater compared to that from normal rates
(Stewart and Gaul 1977 and Bovey, 1980). But even at field rates of 5-6 kg ha
the n—butylesters 0f 2,4-D and 2, 4, 5 T slowly degraded over r3 years. At very -.
highj rates, the toxic effects of the additives in the herbicidal formulations would
pro‘gably inhibit soil microorganisms more than the herbicides themselves. |

(Méjk_a etal., 1982).
22,222 'Type of Formulation

’Phenoxyalkanoic amine and metaliic salts are salts of weak acids a;ld
would be expected to undergo dissociation to their respective phenoxyalkanoic
anions in soils. These anions would presumably reassociate'With a variety of
inorganic cations present in the soil to maintain electrical neutrality - before

undergoing further degradation (Smith, 1989).

2.2.2.2.3 Presence of other pesticides
Croplands receiving annual treatments with phenoxyalkanoic acids often
receive applications of a second or third pesticide for additional fungus, insect, or

weed control, These chemicals can be applied as tankmixes, as separate pre and
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posfémergence treatmgnts, or as seed treatments. In addition, residues of cqrtain
persi.iStent pesticides can be carried over in the soil to the folloWipg growing
seasgn, so that phenoxyalkanoic acid treatments can come into contact with soil
alre;;dy containing residues of previously applied herbicides. It is possibl_e that-
addiiional pesticides may adversely affect the soil organisms capable of
degréding phenoxyalkanoic acids, which could perhaps result in increased soil

persistence.

All studies designed to assess the persistence of phenoxyalkanpic acids in
combination with other pesticides have been carried out under carefully
controlled laboratory conditions, and not much investigations have been carried
out to determine the significance of any changes under field conditions. 'Thesé
' investigatior.ls under laboratory conditions have indicated that the soil perSistence
of 2;4-D can be prolonged in the presence of the insecticides carbaryl and
pafathion, or the herbicide dinoseb, but ﬁot in combination with the fungicide
benomyl (Repiquet and Fournier, 1977). The breakdowa of 2, 4, 5-T was nbt
affected by 2,4-D in several diﬂ'ereqt soil types (Smith, 1979). Similarly, the
degf;dation rate of 2,4-D was unchanged in the presence of benzoylprop-ethyl,
dica;ﬂba, diclofopmethyl, dichloroprop, difenzoquat, dinitramine, flamprop-
methyl nitrofen, plcloram TCA 2, 4, 5-T, triallate, trifluralin, or a comblnatlon
of trlallate and trlﬂuram (Smith, 1979 and 1980).  Neither was the séil
degradation of 2,4-D affected by the cereal seed dressmg Vltaﬂow-DB (lmxture
of the fungicide carbathiin (14.6 % by weight) and the msect1c1des lindane

(18.7 % by weight) and thiram (28.9 % by weight), the insecticide malathion or
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by a:lllnixture of ‘V'itaﬂow-DB and malathion (Smith, 1980). The breakdown of
MCPA (Smith, 1982) was unaltered by the presence. of benzoylprop- ethyl |
bromoxym] bromoxyml with asulam, bromoxynil with difenzoquat, dicamba,
dicamba with mecoprop, diclofop-methyl, ﬂamprop-methyl,_ linuron, MCPB,
metribuzin, propanil, TCA, triallate, trifluralin, triallate in combination. with

trjﬂuraliﬁ, Vitaflow-DB, malathion or a mixture of Vitaflow-DB and malathion.

- Int_eractions. arhong herbicides and chemicals affect their persistence and
residﬁés in soil. In the-presence of MCPA, degradation of 2,4-D was rapid and
‘vice versa (Rao, 1992). The breakdown of 2 ,4-D is not mﬂuenced by commonlv
used herblcldes or other pesticides under field condition. In uplands, rice treated
with butachlor +24D @ 2.0 + 0. 75 kg ha™' both herb1c1des were degraded

rapldly (Deka and Gogoi, 1993).
2.2.2.2.4 Repeated application

‘Increased rates of loss of 2,4-D and MCPA, following repeated use, have
alsb been reported in field experiments (Kirkland, 1967; Fryer and Kirkland,
1970; and Tortensson et al.,- 1975). Thus, it appears that once soils contain a
microbial population adapted to phenoxyalkanoic acid herbicides, the rate of

degradation will be higher for further applications of the same herbicides.

The findings from longterm plots at Saskatchewan, have indicated that
crop fertility, as determined by wheat yields, has not been impaired by 25

repeated spring applications of amine and ester formulations of 2,4-D This



21

conﬁrmed that no build up of the 2,4-D had occurred. Soil frmﬁ these plots aﬁer
35 si)ring treatments wi‘;h amino and ester formulations of 2,4-D indicated that
less-than 0.05 ppm of the herbicide was recoverable from the top 10 cm soil, six
months after fhe last treatment. This confirmed that no build up of the 2,4-D had |

occurred (Smith and Hayden, 1981).

2.2.2.2.5 Soil characteristics

2.2.2.2.5.1 Soil depth

Since soil organic matter, temperature, and aerz;ltibn are more favourable
'for microbial activity in topsoil than in subsoil, degradation rates might decrease
if a herbicide is leached into the subsoil. However, over a five months period the
degradation of 2,4-D, stored in field pits was rapid under aerobic soil conditions

and it was completely dissipated.at 15, 40 and 90 cm depths (Lavy et al., 1973).

Vee et al. (1996) reported that soil depth aﬁd temperature are the.
important variables affecting microbial growth and degradation kinetics. Soil |
samples collected from 0-30, 30-60 and 60-120 cm depths of two Montané
(USA) soils, when treated with *C labelled 2,4-D at témperatures of 10, 17 and
24°C; degradation rates of 2,4-D decreased significantly with soil depth and weré
posit'i;/ely correlated with microbial plate counts. An increase in temperature was

LY

shown to increase 2,4-D breakdown.
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2.2.2.2.5.2 Soil pH

Soil acidity or alkalinity can affect degradation diréctly and indirectly via
its effects on the adsorption of the herbicide to the soil. * The pH of the soil also - _

influence the composition of the soil microflora.

kY

Conclusions, based on bioassy techniques, indicated that max_imum:'
degradation of 2,4-D occurred at a soil pH of 5.3 and Corbin and Upchurch
(1967) inferred that this pH level was the most favourable for growth of specific

microorganisms involved in the breakdown.

Degradation studies with 2,4-D and MCPA in natural soils of pH 3.8, 4.2,
4.8 and 6.3 had indicated that the most rapid breakdown occurred at the highest
pH. ~:'.Howe\}er,v as the microflora content of each soil could have been drastically
diffefént, .no general conclusions can be made as to the eﬁ'ects o% soil pH on

persistence (Torstensson, 1975).
2.2.2.2.5.3 Soil organic matter content, temperature and moisture

Because soil microorganisms are involved in the degradation of
phenoxyalkanoic acid herbicides, soil organic matter should influence their
breakaown. There is usually more microbial activity in soils containing greater
amounts of organic material than in mineral soils. On the other hand, adsorption
of the herbicides to soil components could reduce their amounts in the soil
solution and so provide protection from degradation. The Kq values obtained

from Freundlich adsorption isotherm for 2,4-D in prairie soils ranged from 0.0 to
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~ 1.3 (Grover, 1973). Adsorption was correlated with soil organic matter content

(Grover and Smith, 1974).

Since the rates of non biologic>a1 reactions and biologicai processes 'vare
favoured by inc_reasing temperature, herbicide degradation rates should also
mcréase. “ Adequate moisture is also essential for microbiological activity. At a
~ soil :cemperature of 20° C, the rate of breakdown of 2,4-D was similar at moisture
lével,s between 65 and 100% of field capacity,. but was rﬁuch slower at 50% of
ﬁeld; ;:apacity.' On the other hand, at a soil tefnperature of 25° C the breakdown
.of 2, 4, 5-T was similar at-soil moistures ranging from 50 to 100% éf field

capacity (Smith, 1989).

L The degradation rate of 2,4-D and the proliferation rate and maximum
population of thg 2,4-D dégraders in soil were markedly different depending on
the moisture conditions (Kuwatsuka and Miwa,1989). It Qas suggested that the
kinds of degraders contributing to 2,4-D degradation differed with the soil types
(Kuwatsuka and Miwa, 1989; Miwa and Kuwatsuka, 1990). The effect of soil
water content on the bio degradétion of 2,4-D and the degrading microorganisms
was studied in soils whose water potentials were altered using different salt
concentrations (Han and New, 1994). Higher rate of  2,4-D degradation were
observe& at field capacity (psi=0.1 mpa) and decreased to no degradation at
psi = -22 mpa. 2,4-D degrading bacteria decreased more rapidly as soil water
contfént decreased. Azotobacter chroococcum isolated from fo;'est soils contéining

d-ecaifing wood efficiently cleaved 2,4-D. The cleavage was profoundly
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inﬂu_enced by bacterial cell concentration; moiéture content of the soil and
temperature at which the soil was incubated. An increase in cell concentration
mcreased 2,4-D degradation. The conditions which favoured maximum
' degradatron of 2,4-D were 300 C (58% degradation) and 50% moisture content

~ (Balajee and Mahadeven, 1993).

Willems et al. (1996) studied the effects of temperature, moisture and
initial pesuc1de concentratlon on mineralisation of 2,4-D and atrazine at different
soil depths down to 1.5 m. Mineralization of 2,4- D was continued for 2.5 months

'and atrazine mmerahsatlon for one month. Between 10 and 80 % of applied
‘2,4-Dv was completely mineralized depending on the test conditions and soil
depth 2,4-D mineralisation rates were generally highest at depths between 1.0
and 1 5m and on average 4 times higher than in the surface soils. Variations in
2,4-1:): mineralization rates with depth could not be correlated to changes in soil
orgarric C, seil bioma§s or chemical avaﬂabﬂity and are probably the result of
comjﬂex interaction between microbial activity, nutrient status and soil chemical

and physical properties.

Voos and Groffiman (1997) found that 2,4-D dissipation in soil had a
direct relationship with the microbial biomass and soil organic matter content.

Hence the presence of 2,4-D in soil is a matter of little significance.
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" 2.3 Persistence of 2,4-D in soil

Persistence of herbiéides in soils is an important factor determining its
suitability to a particular soil. Soil persistence data under controlled laboratory
conditions for single application of individual phenoxyalkanoic acids indicated
that the half life of 2,4-D in a variety of soils at different temperatures ranged
from 2 to 28 days and it can be concluded that the phenoxyalkanoic acids are
degra;ded rapidly in warrri soils with adequate moisture (Foster and Mekercher,
1973 Mccall ef al., 1981). Breakdown of the phenoxya]kan01c acids is rapid
under field condmons so that neghglble amounts are camed over at the end of the
yeaJ of application. Both 2,4-D and 2,4,5-T are capable of some leaching from
the top soils and the amount depends upon soil type and ramfall Half life of
2,4-D ‘was 20.5 days under field capacity and the half life decreased with

increasing soil moisture content (Foster and Mckercher, 1973).

Many studies ha;ze been conducted on the soil persistence of 2,4-D
(De Rose and Newman, 1947; Brown and Mitchell, 1.948;v Newman et al., 1952;
Burger ef al., 1962; Norris, 1966; Altom and Stritzke, 1973; Foster and
Mckercher, 1973; Plumb ef al., 1977; Smith and Aubin, 1991,; Sankaran et al.,
1993 and Cox, 1999). There is wide controversy on the persistence of 2,4~D in
soils. Although th¢ usual time for 2,4-D 'persistence‘ was 2 to 4 weeks,
detoxification varied from 14 to 94 days depending on the soil. As reported by

Cox (1999) persistencé of 2,4-D is variable at the half lives of 2-297 days.
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Studies on persistence of 2,4-D conducted at Bangalore showed that
2,4-D'persisted in red soil up to 3 months (Leela, 1986). At Faizabad, the 2,4-D

Na sa@t persisted only for 42 days (Sankaran ef al., 1993).
2.4 Adsorption of 2,4-D by soil components

Adsorption of anions increases greatly with falling pH. It is also
intiméftely connected with the nature and properties of soil colloids viz. type of
clay "xlninerals, contents of hydrous oxides, organicl matter and the ratio of SiO»

and R203 (Bear, 1964).

Adsorption by soil organic matter and clay collbids play an important role
in determining the fate of pesticide in a soil. Adsorption will control the quantity
of a pesticide in soil solution and thus determine its persistence, leaching,
| mobility and bioavailability. The extent of adsorption of pesticide depends upon
the nature and properties of the chemical itself, the kind and amount of organic
matter present and fhe environment provided in the soil. Once adsorbed by soil
organic matter surface, it may be easily desorbed and it is pérticularly in the case
of acidic pesticides.  The .adsorbed=particles can readily be released to ‘water
(Hams and Warren, 1964). At low pH levels most of the weakly acidic
herl'i{éides are present in the molecular form than the anionic form. Thus they

woui.!_d be adsorbed to a greater extent than stronger acidic herbicides.

Increase in soil moisture content increased the adsorption of nonionic

pesti_pides (Hance, 1967; Doherty and Warren, 1969).
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Khan (1974) observed that fulyic acid clay complex adsorbéd high
amOunt of 2,4- D The adsorption of 2 ,4-D is greater in topsoil than in the sub soil
Whl(‘h has less orgamc matter (Wilson and Cheng, 1978). Adsorption was
correlated with soil organic matter content (Grover, 1973; Grover ef al., 1985).
Adsérption waé dépendent to some extent on the pH of the soiis, which ranged

from 3.25 to 6.91 (Moreale and Van-Bladel, 1980).

'In general the ‘adso‘rp-tion of 2,4-D on to the individual model component
of soils and natural soils is described by a Freundlich isotherm, although in some
. cases pseudo first order kinetics may be shown (QueHee and Sutherland, 1981).
Mos’i{ of the research in this field has been of -artiﬂcial nature and do not

. approximate field conditions.

Adsorption of 2,4-D to soil components could reduce their amounts in the
soil solution and so provide protection from degradation. Thé affinity of 2,4-D
for the more acidic sqﬂs could be due to in&eased adsorption to organic matter
By the less water-soluble molecular species rather than the water soluble anionic

form (Smith, 1989).

From the solution phase studies Qf the adsorption of 2,4-D on soils from
Palai‘ixipur, Ludhiana and Habowal, Bhaﬁ‘dwaj and Singh (1991) found thét
» adsd?ption capacity in;:reésed with rise in acfivation temperature, decrease in pH
and ‘“ncrease in organic matter content of the soil. Multiple linear re;gression

anaiysis between Ky (adsorption coefficient) and various soil parameters
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indicated that organic matter was strongly correlated (r*= 0.650) with K and pH

had only 2 small additional effect on adsorption of 2,4-D (McGrath, 1994).

Sfudies on sorbtion and movement of 2,4-D in thrée New Zealand soils
wh1ch were amended with different levels of exogenous carbon (poultr’y manure,
sewiige sludge, mushroom compost, peat and pig manure) using 1 labelled
compounds indicated that the sorption as measured by the distribution coefficient
(Kd);',; increased with increasing C addition, and véried between the C-sources.
The difference 1n the effect of C sources on the sorption of herbicides was rélated
. to the difference in the amount of dissolved organic carbon (DOC) and the pH.
Thel | increase in the Ky valu‘es per unit, C additioﬂ decreased with increasing
amounts of both the exogenous C addition and the indigenous C in tﬁe soil
matérial. in a separate study, the addition of DOC to solutions of herbicides
prior to sorpﬁon measurements.decreased the sqrption of herbicides, where as the
addition of DOC to soil increased the sorption of herbicides (Baskaran et al.,

1996).

Studies conducted in New Zealand by Bolan and Baskaran (1996) on
‘adsorption desorption behaviour and the degradation of jonic herbicide 2,4-D
usmg 10 sbi]s of varying organic matter and clay content indicated that the
adséfbtion isotherm tended to become linear ie. the values of :the exponent ‘n’ of
the%feundlich isotherm were close to 1 (0.92 to 0.98). T'he extent of adsorption
‘as r;&easured by the distribution coefficient (K4) which increased with an increase

in 5_611 organic carbon.  The rate of desorption of 2,4-D followed first order
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kinééics with respect to surface concentration and decreased with an increase in
the zi)rganic carbon content of the soils. The rate of degradation of 2,4-D, as
measured by the half hfe (ti2) decreased with an initial increase in s011 orgamc
arbon, which is attrlbuted to the increase in adsorption. - . With increasing |
adcorptlon the rate of desorptlon decreased resulting in a low concentration of
2,4—D in the soil solution that is available for microbial degradation. When the
organic carbon content was more than 12% both the adsorption and rate of

degradation increased.

Working with Malaysian agricultural soils lov;/er values of Freundlich
adsorption distribution coefficients (Kads (f) were observed for 2 4 D (0.57 and
5 26) in a sandy loam and muck soil respectively. Desorption of 2,4-D from the
muck soil occurred. Adsorption of pesticides was not affected by température

(20° C/30°C), and pH (Chea-Uanbohl et al., 1997).
35 Leaching and movement of 2,4-D in soil

The same factors for adsorpfion work inverse for leaching. Leaching into
the soil is influenced by moisture levels and evapotranspiration rate (Hartley,
- 1964). Reports on surface water monitoring indicated that only those herbicides
that'had been applied very frequently viz., 2,4-D and atrazine were found in the
riveri ;water. Since the herbicides are used rather early in the crop season where
therg“is only little plant cover, much of the chemical gets into the soil where it is
subjected to different translocation processes which leads to pollution of lakes

and streamg with these chemicals (Hurie, 1993).
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Percolating water - appears to be the principal means of movement of
relatively nonvolatile compounds, and diffusion for these compounds in soil
water is important only for transport of over very small distances (Hartley, 1964’).
This certainly holds for the 2,4-D anion and the diffusion coefficient for the anion
in nine soils Worked out by Lindstrom et al., (1968) was generally found to be
inversely, related to soil texture. 2,4-D was found to leach as deeply as 90 cm
and degrade quickly under aerobic, but not under anaerobic conditions (Lavy
et al., 1973). Eﬁropean Economic Community Directive concerning the quality of
water for human consumption established the maximum concentration of each
© pesticide at 0.1ug 1! and the total pesticide concentration at 0.5 pg I'' (Vettorazzi,

1979).

Studies on the leaching losses of the different herbicides in sandy loam
soils'.? of Karnataka revealed that 31 to 68 % of the herbicide is lost from the soil.
2,4-b moved up to 20 cm in the soil column. However, .higher quantity was

_retained in the top 5 cm soil layer (Sankaran ef dl., 1993). Rocco-Estreﬁa et al.,
(19953) reported that sorption of 2,4-D had a slight but significant effect on
transport of 2,4-D under saturated (retardation factor 0.18) and unsaturated

conditions (retardation factor 0.34).

Felding (1995) measured the content of phenoxy alkanoic herbicides in
drainage water from three soils (sandy loams, clay loams and sandy-clay loams)
over a two year period. The herbicides content in 17 out of 65 water sample§

was greater than 0.1pg/litre, which is the maximum residue limit for drinking
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water in Europe. Jorgeﬁsen et al., (1995) evgluated the léaching of phenoxy
herbicides to soil water, ground water and surface watef. Transport of these
pestlc 1des occurred in fractures and macropores, largely bypassing the
surrounding matrix. In approximately 30% of these samples the maximum

residue limit for drinking water (0.1 ug / litre) was exceeded.

| " Column studies with exogenous carbon sources on the sorption and
mbvement of 2,4-D by soils of New Zealand showed that dissolved organic
carb@n enhanced the movement of herbicides in soils. The effect of DOC on the
mqvement of herbicides varied betweeﬁ the soil materials and may be related to
_the difference on the sorption of both the herbicideé and the DOC (Baskaran

et al., 1996).

Smith and Bridges (1996) reported that only small quantity of ‘2,4-D was
found in the leachate from the green house and out side‘ lysimeters. The
concentrations of these herbicides did not exceéd 61 ug 1" and the total quantity
.to exit the lysimeters was less than 0.9 % of the applied herbicide. Over an 8
days period following the treatment, 9 % of the applied 2,4-D left the simulated

fairways.

Lea_chirig of 2,4-D was evident under a high water influx (200 mm) and
corn'ﬁarable results were observed between laboratory studies and a VARLEACH

model prediction, (Cheah-Uan Bol et al., 1997).
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. Leaching, drain flow and surface runoff are the main pathways
respo'hsible for herbicide movement within soils. It is therefore necessary to
understand the spatial characteristics of soils, their hydrology and the associated

_ herbicide use patterns (Carter, 2000).
2.6 - 2,4-D residues in surface and groundwater

Higﬂ application rates, particularly of festicides .characterizecni by high
water squBih'ty and persistence and low adsorptivity are the main factors
responsible. for high water pollution (Cohen et al., 1984). In stiil water (ponds,
lakes' or reservoirs) -2,4-D persisted as much as 6 rﬁonths‘ after application
(USEPA, 1988). 2,4-D is frequently found in rivers and streams. Tﬁis is
particﬁlarly d_ue.to 2,4-D’ s Wide use. It is also due to high solubility of 2,4-D in -

water (Albanis, 1992),

Felding (1995) measured the content of phenoxyalkano‘ic herbicides in
drainage water from three soils (sandy loams, clay loams and sandy clay loams)
over a two year period. The herbicide content in 17 out of 65 water samples was

greater than 0.1 pg I which is the maximum residue limit for drinkingA water in

Europe.

In a study by Jorgensen et al. (1995) leaching of phenoxy herbicides to
soil water, ground water and surface water was evaluated and they found that in
approximately 30 % of the samples, the maximum residue limit for drinking

water was 0.1 pg I,
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Farm ponds in the Canadian Pfairies are almost universally contaminated
with 2,4-D and over 93 percent of ponds tested in Canada contained 2,4-D.
Higher concentration was measured in the spring, but unlike other pesticides
stucﬁéd, 2,4-D residues persisted past to end of the growing season (Grover

et al., 1997).

In a national survey of river baéins 2,4-D was found in 19 out of 20 basins
samPies. Over all, 10-13 % of the samples collected wefe contaminated (Cox,
1995). The amount of herbicide that moved away from the area of application
_ was dependent on the physico chemical properties- of the chemical and the
agrqlcllimatic characterisatics of the target site. Under average conditions the
amount of herbicide lost by 1no§erhent ‘from a sbil proﬁl_e is typiéally less than
0.1 % of the applied mass, but under certain localized circumstances it can reach

upto 5 % or greater.

The levels of pesticide residues in water depend on various factors related
to the pesticide properties and their behaviour in the environmént, the agricultural
practice, and pesticide application rates, soil, geology and climatic characteristics
(Cohen et al., 1984). As per the report of Croll (1995) the quantity of 2,4-D
deteqted in ground waters in East Anglia was 0.11 to 0.20 pg I, Only 1 % of the
to.tal; pumber of samples taken for analysis registered 2,4-D résidues, while the
herbicide atrazine was detected in 28% of the total samples, at a concentration
range of 0.02 to 0.43 pug I''.  Studies on the persistence of 2,4-D in ground water

revealed that its half-life varied from 800 to 1900 days (Covalier et al., 1991).
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Ground water contamination is generally considered as the greatest threat posed

by pollutants from diffuse sources (Harris and Skinner, 1992).

2,4-D contaminated wells because of its very high mobility in soils
(Cheah—UanBol ef al,, 1997). Contamination of ground water has been directly
associated with roadside application of 2,4-D f01 noxious weed control and 2,4-D

manufacturing plants (Cox, 1999).

A study on monitoring of pesticide contamination in ground and river
water from Bulgarian Danube plain indicated that atrazine wae the most
frequently found active mgredient followed by alachlor and 2, 4‘D 24 4-D was
detected in 27.3 % of samples, while atrazine was detected in 54.5 % of the
samples. Re51dues range was 0.02 to 0.09 pg 1! for atrazine and 0.08 to 0.140

ng I for 2,4-D (Balinova and Mondesky, 1999).

A study on “Evaluation of kuttand ecosystem for possible contamination
by pest1c1des, herbicides and toxic heavy metals” was conducted at Regional
Agricultural Research Station, Kumarakom during 1996-1999. In this study,
24D residues were detected in 17 % of field water samples at a concentration
rané'é of 0.26 to 8.7 pg I'". Samples taken during January showed higher values
and that of July showed lower values. Residnes of 2,4-D were detected in 13%
riveru water samples in the range of 0.50 to 5.40 pg 1" and the residue content was
hli—,.h durmg, January and trace in July. In the case of ground water, residues were
high during May and ‘only 8% of the samples showed the presence of residues of

2,4-D upto a concentration of 0.09 ug . The maximum residue level of 2,4-D
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detected in ground water samples of  kuttanad was below the permissible limits

of 0.1 pg I (Anon, 1999).
2.7 2,4-D residues in rice ecosystem

Post emergence herbicides 2,4-D and MCPA are the most widely used
herbiéides in rice in seve;al countries and they have shown good performance in
India (Bhan, 1978) at the rates ranging fro.m 2 10 4 kg ha™. Studies conducted at
Regional Agricultural Research Station, Pattambi (KAU, 1993), also showed that
2,4-I)“is highly effective in controlling weeds under semi dry rice. The grasses at
thé younger stages also are found to be controlled by 2,4-D particularly with its
ester biformulation .Being the cheéper form, sodium salt of 2,4-D is pre.ferred to its
ester 'f;o'rm. Joint application of 2,4-D and fertilizer urea resulted in effective and

economic weed control in transplanted rice (John and Sadanandan, 1995).

Audus (1951) found that inv general 2,4-D persisted for 2 to 4 weeks.
Sankaran ef al. (1993) summarized the results of the herbicide residue studies
conducted at different AICRP Centres:in India. At Bangalore, 2,4-D persistéd_in
red soil upto 3 months. At Faizabad, 2,4-D salt persisted only for 42 days. There
is wide disagreement on how persistent the phenoxys are in soils. As reported by

Cox (1999) persistence of 2,4-D in soil ié variable at the half lives of 2-297 days.

-

The maximum residue limits (MRL) permitted for 2,4-D in rice grain and
straw_are 0.01 ppm and 20.00 ppm respectively (FCN, 1982).' Tejada et al.

(1995) reported the results of a multidisciplinary investigation to assess the
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envifonmental and health impacts of pesticides in rice field ecosystem in Lagijha,
| Phiﬁbpines. The on and off paddy effects of pesticides on rice plants, soil, paddy
water, rice field, flora and fauna, ground water and well water have been detected
s_pecliﬁcally and concluded that pesticide use in rice fields did not represent a
sigrﬁﬁcant environmental threat. Rice samples contained no residues at harvest
time because of the usual practice of harvesting rice 30-45 days after the last

application of pesticides.

‘When 2,4-D amine salt @ 2 kg ha™ was applied at fully tillering stage in
. paddy, residues persisted in rice plants for one month but no residues were
detected in harvested grain (Sokolov ef al., 1974) 2,4-D did not affect grain
quality also (Pak and Pak, 1975). Laboratory studies and field trials conducted to
;ietennine fhg acute toxicity of 11 herbicides ‘fo common rice field fish in
Maléysia indicated that bensulfuron, 2,4-D, me_tsulfuran and quincloram were
mﬂdly toxic (LCso of > 10 ppm) to sepat siam (2} richogaster pecto}alis) and or
Keli (Clorias batrachus) (Ooi and Lo, 1992). Lavy et al. (1996) detectéd 2,4-D
residues in rice ecosystem at trace levels and found that fhey did not build up in
the ‘zif;.e'servoirs. 2,4-D was detected upto 2.6 ug ! in pohds of Canada (Gro.ver
et al., 1997) |

~ On evaluation of kuttanad ecosystem fof possible contamination of
pesi%f:ides 2,4-D residues were not detected in fish and clam samples. When the

soil samples of the area were analysed for 2,4-D residues, 30% of the samples
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recorded residues in the range 0.001 to 0.12 ug g*. Higher concentration was

observed in the month of March (KAU, 1999).

In the above study no residues were detected of 2,4-D in the rice grain
samples. However 2,4-D was detected in 7% straw samples upto a concentration

of0.0225 pg g™
2.8 Metabolism of 2,4-D in plants

‘The transformations of phenoxy acids have been known since 1950’s.
‘The early investigations were oh the metabolism of 2.4-D by Phaseolus vulgaris
(Weintrub et al., 1952) which suggested that 2,4-D.is metabolized in plants by
 three mechanisms viz., degradation’ of acetic acid chain, hydroxylation of the
aromatic ring and conjugation with a plant constituent.

2 4-dichlorophenoxy acetic acid is a systemic herbicide. Once absorbéd
by plants it undergoes various transformations which include degradation and
detoxification and such processes occur both in tolerant and susceptible 'plant
species, but in tolerant species they take place at a rate much faster than herbicide
éccumulation and before the chemical could disrupt the plant metabolic processes

(Rao, 1992).
2.8.1 Degradation of side chain

~ During degradation of side chain COy is released from 2,4-D and this was
observed in bean, strawberry, corn, cotton and several weed species. This

degradation takes place by oxidation at carboxyl and methylene carbons of the
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side chain (Weintrub et al., 1952; Luckwill and Lloyd-Jones, 1960 (a) and (b)).
The resistant species were able to metabolise 2,4-D via oxidation and
decarboxylation pathways than the susceptible species (Luckwill and Lloyed-

Jones, 1960(a) and (b)).

When the side chain is lost from a phenoxy acetic acid without further
metabolic changes to the molecule it may result in the formation of

corresponding phenol.

2.8.2 Hydroxylation of aromatic ring

Bach (1961) reported that the degradation of 2,4-D molecules would
involve hydroxylation of the ring and oxidation of the hydroxyls to carboxyls
with a splilt in the ring._ 2?4-D also undergoes p-oxidation followed by ring
Bydroxylation (Wilcox et al,, 1963) forming 4-hydroxyphenoxyacetic acid and
this hydroxylates pathway is colnsidered to be the mechanisms of detoxification in
resistant species. The hydroxylated 2,4-D may conjugate with glucose to form

the 4-0-B-D-glucosides.
2.8.3 Conjugation with plant constituents

Phénoxyacids form complexes with plant components proteins and amino acids
pajiicularly aspartic acid. The phenbxy acids with no hydroxy group conjugate

with glucose during esterification to form glucose ester of 2,4-D.
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Fig. 2 Metabolic reactions of 2,4-D in plants

1. Degradation of acetic acid side chain

CO-CH;_-COOH~—>CI—®——OH
' Cl

- Cl _
2,4-dichlorophenoxy acetic acid  2,4-dichlorophenol
+

Acetic acid

A

0}
2. Hy{iroxylation of aromatic ring
' : Cl
CIC[\>- O-CH,-COOH —> OH{:}O-CHZ—COOH
cl cl

2,4-dichlorophen0xy acetic acid 2,5-dichloro ,4- hydroxy phenoxy acetic acid

or o 0-CH,-COOH

Cl (I
2,3-dichloro ,4-hydroxy phenoxy acetic acid

3.Conjugation with plant constituents

CHOH CH,OH

B ’)\C,:? OH ' S 0-CH,-COOH
OH + C@O-CHZ-COOH —> @ “O
HO HO ’
OH Cl OH
Glucose 2,4-dichlorophenoxy acetic acid Glucoside of 2, 4- dichloro

phenoxy acetic acid

(Source: Wéintrub, et. al., 1952, Luckwill and Lloyd-Jones, 1980 (a) and (B);
Bach, 1961) S



2.9 Residue analysis techniques
2,4-D residues in soil can b¢ estimated either by chemical or biological
methods. Biological methods, commonly termed as bioassays,' involve the
- measurement of the response of a living organism from which an estimate can be
n_lad-e:: of the biologically active compound present in the substrate. Me‘asurement :
| of root length of cucumber is a sensitive parameter for estimating 2,4-D residues
in soil (NRCWS, 1987). Bioassays are not well suited for the detemﬁnaﬁon of
compounds in biological materials. | Relatively narrow ranges of herbicide
concentration only can be tested by bioassay and this techn_ique measures only
the amount of herbicide available to the test ‘orgar»lism and not the quantity

actually present in the medium.

Precise quantitative analysis can be done by chemical methods only.
Since the quantify of residues in- the substrate is of very small amounts, the
chemical analysis involve a chain of procedures viz. extraction, clean up,
coﬁcentration, storage and determination. The instrumentation methods include
visible and ultraviolet spectrophotometry, thin layer chromatography, gas
Qhroénatography, ‘high performance liquid chromatography, nqclear magneiic

resonance spectroscopy (NMR), polarography etc. (Sankaran et dl., 19.93).

Colorimetric methods were among the earliest instrumental methods used
for the analysis of herbicides and even today it continues to be a useful technique
wherever costlier modern facilities like gas chromatograph are not readily

available.  Freed (1948) developed a qualitative method in which, 2,4-D was
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heated with chromotropic acid (1, 8 dihydroxy naphthalene3, 6-disulphonic acid)
in concentrated sulphuric acid at 150° C and the develépment of wine purple
'colour was taken as a measure of 2,4-D concentration. The method depends on
the splitting of formaldehyde from the phenoxy acetic acid and its subsequent
reaction with chromotropic acid to give a wine-coloured product, the chemistry
of which is uncertain. Subsequent modifications of Freed’s (1948) proéedure by
Marqua;dt and Luce (1951 and 1955) helped in the quantification of 2,4-D
residues in milk, seeds and gfains. A method applicable to all the phenoxy acids
vs}as devised by Marquardt and Luce (1961) in which the ether linkage was
cleafed by pyridine hydrochloride and the phenol so released is determined
colorimetrically after reaction with amino antipyrene and potassium ferricyanide.
‘Colérirnetric methods have a sensitivity of 50 ng (QueeHee and Sutherland,
1981) and all these procedqres involve a large number of extractions, steps with a
“high volume of organic solvents for eliminating the analytical interferences from
other compounds. Hence it is necéssary to simplify the extractioﬁ and separation

procedures for saving time and volume of costly chemicals.

In the residue analysis of 2,4-D, gas liquid chromatography is the most
sensitive method (QueeHee and Sutherland, 1981). The free phenoxy acids and
salts are too polar and nonvolatile to. chromatograph easily. Hence derivatization
is necessary. The fr;:e acids have been usually converted to methyl esters which
are less polar and easier to analyse by GLC. Horner et al. (1974) compared

several methods for 2,4-D methylation with respect to yield purity, concentration

and stability of the esterifying reagent. The reagent of choice for producing a
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high yield of GLC pure esters in the shortest time was the BF; alcohol reagent.
Procedure for esterification of 2,4-D with BFs/alcohol is well presented by

QueeHee and Sutherland (1981).

In herbicide residue analysis, extraction of the residue with suitable
solvents is the initial step. For the extraction of 2,4-D residues from plant tissue
maceration with water followed by alkali and acid hydrolysis was the best

method. The recovery was greater than 92% (QueeHee and Sutherland, 1981).

Extraction of the phenoxys from soils is dependent on soil type. Many
V'extractants and methods have been tried [0.5% NaOH (Henkel, 1966), 1:1:1, 18N
H, vSO4 ethano/H,O and 1:1 NaOH/CH Ck (Purkayastha, 1974), 1:1
hexane/acetone and 2:1 hexane/diethyl ether (Renberg, 1974), acidic acetone
(Khan, 1975)] etc. Shaking soil with acetonitrile: distilled water: glacial acetic
acid (80: 20 : 2.5) on a mechanical shaker for one hour was found good for
estimating 2,4-D residues in soil (Sﬁﬂtll, 1978). Aqueous acidic acetonitrile was
selected as extraction solvent by many workers since it has been shown to be an
efficient extractant of 2,4-D, 2,4-DCP and 2,4-DCA from sois, (Smith and

Muir, 1980; Smith and Aubin, 1991).

Co-extractives like pigments, fats, oils etc interfere with the method of
analysis and hence must be removed by any method of separation viz. partition
distzibution, chromatographic method, precipitation method etc. Liquid clean up

proposed by QueeHee and Sutherland (1981) was approximately 91% efficient.

Gas Chromatography columns and the temperature ‘'used for detection vary
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depending on the conditions. In general column temperature ranges from
17_5‘-230‘? C. The injector temperature is 30-50° C above the c;élumh temperature.
Since the esters and amides -of phenoxys tend to be therrﬁally unstablé above
250° C, the choice of ﬂlé liquid phase is not really crucial (QueeHee and

Sutherland, 1981).
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3. MATERIALS AND METHODS

A series of experiments were eonducted to understand the behaviour of
2,4-D lin the major rice soils of the state and to find out the extent of
contamination of soil and crop with this herbicide. The project consisted of three
labefatory studies and one field experiment. The laboratory studies were
conducted during 1997-2001 at the Herbicide Residue Laboratory of the All India
Co-ordinated Research Programme on Weed control, Thrissur Centre, located in
the Radio Tracer Laboratory, College of Horticulture, Kerala Agricultural
University, Vellanikkafa. The field experiment was laid out in a farmer’s field at
Pidikkaparambu of kole area of Thrissur District during the sec01;1d crop season
(September to December) of 1998 and the residue estimation related to field
eiperiment was carried out at Regional Agricultural Research Station,

_ Kumarakam, under Kerala Agricﬁltural University.

31 Materials
3.1.1 Soils '

Eulk surface soil samples (0-()».15 m depth) were collected from five
‘representative locations each from Palakkad (Palakkad district) and kuttanad
(Alappuzha district) rice growing regions. From kole lands of Thrissur district,
samples were collected ‘ﬁom six locations (the additional one was from the area
‘ whelje field experiment was conducted). The site for ﬁeid experiment was

selected based on the feasibility for getting good water management. The details

of the locations are given in Table 2.
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Details of the soil sampling locations

'
| Rice growing region Location Name of padasekharam
' | Alathur 7 Ambalaparambu
Chittur Manchira
Palakkad o "
’ o Koyalmannam . Kannadipadam
(Palakkad district)
‘ Nemmara Kootakadavu-Nenmara
Palakkad Alampallam
Moncompu-1 | RRS Moncompu
V Moncompu-2 do.
kuttanad : do
. L Moncompu-3 '
(Alappuzha district) g Kavil Thekkumpuram
Mathikayal Matlnkayal _
Anthikkad Anthikkad kole padavu
Cherpu -Jubilee
: Kattoor Vellanipadam
kole :
) o Manalur Thazhampadavu
(Thrissur district) .
Venkitengu Elamutha
Pidikkaparambu Pidikkaparambu padam
(Experimental field)

3.1.2 Processing of soil samples

. The soil samples were brought to the laboratory and air dried in shade.
The clods were broken with the help of a wooden hammer and screened through
a 2 mm sieve. The sieved samples were stored in plastic containers until use.
These samples were used for the determination of physico-chemical

characteristics and for residue studies. For the estimation of organic carbon,'
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catién exchange capacity and anion exchange capacity, the soil samples were
ground thoroughly so as fo pass through 0.5 mm sieve. |
3.1.3 Physico-éhemical éharacteristics

All the 16 soil samples wer_é analysed for physico—chenliéal characteristics
The

viz., texture, pH, organic carbon, CEC, AEC and sesquioxides content.

analytical methods employed for each estimation are given in Table 3.

" Table 3.  Analytical methods employed in the determination of physmo
chemical characteristics of soils
SL . : Method of
No. Soil property esfimation Reference
' Mechanical
analysis by Chopra and
I | Texture International Kanwar (1976)
Pipette method
2 | pH 1:2.5 soll water | 1, 4 on (1958)
suspension
; Walkl’ey anc.i Chopra and
3 | Organic carbon Black’s rapid Kanwar (1976)
| titration method
4 Catlor} exchange Sodium acetate Hesse (1972)
capacity method
5 _Amon. exchange Phosp'horus fixing Hesse (1972)
capacity capacity
§ | Sesquiswide conent A.O0.A.C. method | Chopra and
' : Kanwar (1976)
7 Maximum water Keen-Raezkowski | Chopra and
holding capacity method Kanwar (1976)
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- 3.1.4 Forms of 2,4-D used for the laboratory experiments

samples and the standards for residue analysis are given in Table 4.

- Table 4. Technical information on forms of 2,4-D used for the study

Details of the different forms of 2,4-D used for fortification of soil

‘ Molecular ;
SL Name of chemical weight .Phy sical Aisay Source
No. (@) appearance (%)
M/s Atul
2,4-dichlorophenoxy Dull white Limiied; Agre &
i tic acid (2,4-D) - 42100 coloured powder 97.00 | Pharma
ace > P Division, Atul,
Gujarat
Methyl ester of Viscous, }\:és ggggjgg
2. | 2,4-dichlorophenoxy 235.00 | colourless, 99.50 :
. v ot ) park Bellefente |
acetic acid odourless solid PA x
_ 2,4-dichlorophenoxy White crystalline M/S .A@
. . . . Limited, Agro &
acetic acid sodium powder with ,
3 261.00 . . 83.90 | Pharma
salt, monohydrate slightly phenolic e
e Division, Atul,
(for field application) odour Gui
ujarat

3.1.5 Primary standard

. A solution containing one gram of 2,4-D per 1000 m! of methanol was

prepared and kept as primary standard.

3.1.6 Working standards

From the primary standard, working standards of 100 ppm and 10 ppm

2,4-D were prepared at the time of start of each experiment. 2,4-D standard viz.,

10 ppm was used for fortifying soil samples and also for the preparation of

calibration curve for colorimetric estimation of 2,4-D residues.
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3.1.7 Reagents

In the laboratory studies, estimation of 2,4-D was carried out by

colorimetry and all the reagents were of GR grade.
3.18 Glasswares

All items of glasswares were washed with detergent solution using brush
and then rinsed with tap water, distilled water and acetone and were oven dried

before use.

3.1.9 Colorimetric estimation of 2,4-D residues
Spectronic 20 GENESYS was the instrument used for estimation of 2,4-D

residues in soils of the laboratory experiments.

3.2 Standardisation of method for determination of residues of 2,4-D in
the soil samples '

- Standardisation of procedure - involved fortification of soil samples,
selection of extractants and soil : extractant ratios, clean up of the extract,

estimation of 2,4-D residues and validation of method.
3.2.1 Fortification of soil samples

One kilogram of sample collected from each of the five locations in kole

-

lands (as given in Table 2) was pooled, processed (as mentioned in 3.1.2) and ten

gram each were fortified with 2,4-D at 1.00 ppm(1.00ug per gram ) level.
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3.2.2 Standardisation of extraction method
In order to standardize the extraction method, combinations of

(A) seven extractants viz., (i) acetonitrile, (ii) acetic 'acid, (iii) benzene,
(iv) acetonitrile: distilled water: glacial acetic acid (80:20:2.5),
(v) chloroform: ether: acetic acid (50: 50: 1), (vi) 1 % Na OH,

(viiy 4% Na OH and
(B) two soil: extractant ratios of (i) 1:2 and (ii) 1:4 were tested.

The soil samples were taken in a 250 ml conical flask and fortified with
2,4-D at 1.00 j,tg g?. They were equilibrated for a period of half an hour and
sha.keﬁ with the extractants on an orbital shaking incubator for 30 minutes. The
extract was filtered using Whatman no.1 filter paper. The extractant which gave
maximum recovery of 2,4-D and minimum interference with co-extractives was
s'elected as the best extractant for the determination of 2,4-D residués from soil -

samples.
3.2.3 Clean up of the extract

Clean up procedures were based on the methods suggested by Marquardt
and Luce (1951 and 195:5). Modifications were made to reduce the number of
steps in clean up. The filtrate obtained after shaking the fortified samples with
the (:Xfractants at various soil: extractant ratios were shaken with 100 ml of 1N
NaQH followed by 15ml conc. HCl and 50 ml diethyl ether in -a 250 ml

separating funnel. The ether portion was separated and the aqueous layer was
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shaken again with S0m! diethyl ether. The ether portions were pooled and
exfracted twice with 25 ml buffer sblution (25.00 g Na,HPO,4 12H,0 and 10.06 g
NaI-izPO4 H,0 in one litre distilled water). The pooled buffer separate was
shaken with one ml concentrated HCl and 10 ml carbon tetrachloride. The
aqueous layer was separated and again shaken with 10 ml carbon tetrachloride.

The pooled carbon tetrachloride layer was kept for evaporation.

3.2.4 Estimation of 2,4-D residues
3.2.4.1 Preparation of standard curve

From the working standard of 16 ppm 2,4-D, a series of standérds ranging
from 0.05 to 2.00 ppm herbicide in methanol were prepared. One ml of each of
the sténdards was taken in 100 ml beaker and the solvent was allowed to
evaporate. _Then three ml chromotropic acid reagent (0.4 g chromotropic acid in
160 ml concentrated H,SO,) was added and kept in an oven at 135°C for 20
mimztes. The wine purple coloﬁred complex obtained was cooled, diluted and
made up to 50 ml with distilled water. Absorbance of the coloured complex was
read in a visible 'spectrophotorheter at 565 my against a methanol blank set at 100
percént | transmission.  Standard absorpfion curve was prepared plotting

absorbance values on the Y-axis and 2,4-D concentration on the X-axis.

3.2.4.2 Estimation of 2;4-D residues in the fortified samples

The residue obtained after clean up was treated with 3 ml chromotropic
acid developed the colour as in the case of standards. Methanol blank was set at

100 per cent transmission and absorbance of the coloured complex for each
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sample was read on the Spectrophot01neter at 565 my. Absorbance of an
unfortified sample for each soil extracted and separated for 2,4-D residues (as
detailed in the above sections) were deducted from the absorbance of the fortified

sample and 2,4-D residues were estimated.

3.2.4.3 Selection of extractant and soil extractant ratios for the extraction
of 2,4-D from soil samples

The major criteria used for the selection of extractant and soil extractant
ratio was the percentage recovery of 2,4-D residues from soil and the amount of
co-extractives removed. | The extractant which recorded highest recovery 0of2,4-D

residues and which exhibited least colour in the filtrate was selected as the best

extractant.
3.2.4.4 Validation of the method

In order to confirm the reproductabi]ity of the method 10 g each of the
ﬁfteen soil samples (five each from Palakkad, kuttanad and kole;) were fo-rtiﬁed
' with 2,4-D acid at three le\'zeL'c, viz., 0.50, 1.00 and 2.00 pg g and the recovery of
2,4-D from the soil samples were estimated by adopting the procedure as

standardized above.

3.3 Studies on persistence and degradation of 2,4-D in the major rice soils
of the state ' '

-

Ten gram soil‘sample from each of 16 locations were taken in 250 ml
conical flasks and water was added to the level of maximum water holding

capacity'. Samples were fortified with 2,4-D at levels of 0.50, 1.00 and
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2.00 pug g” and after incubation for different periods (0, 1, 3, 6, 9, 15, 30 and 60
days), the herbicide residues in the soil samples were estimated by colorimetry as

given in section 3.2

- Kinetics of 2,4-D degradation in Palakkad, kuttanad and kole soils were
worked out separately by preparing graphs, taking period of incubation on the
X-axis and average concentration of 2,4-D in each soil type on the Y-axis. Half
lives were worked for each soil type using standard procedures explained by
Reghupathy and Dhamu (1990). Simple exponential model of thg form C—*-‘Coe*t
[where C=concentration of herbicide(ug g”) remaining at time t (days);
Co - initial concentration of herbicide (ug‘ gh and k =degradation rate constant]

“was used to calculate the half life of 2,4-D in the soils.. In the logarithmi(; form
the above e(iuation could be written as log C=log Cp — kt. When logarithm to
the base 10 of herbicide concentration (log C ) was taken on the Y-axis and time t
on the X-axis, a ﬁnear curve was‘obtained. The slopé of the curve was multiplied
by 2.303 for getting the degradation rate constant, k. Half life was worked out
frbm the equation t »; = 0.693/k. Relationship ‘between persistence of 2,4-D in
each ‘soil type and physicochemical characteristics was established by the

determination of correlation coefficients.
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3.4  Studies on adsorption of 2,4-D by soil

Adsorption of 2,4—D on the sixteen soil samples was studied using the
'methoAd described by Adams and Li (1971). Separate standard solutions for each
treatment viz., 0.50, 1.00 and 2.00 pg g™ soil were prepared and 25 ml of the
standard solution was added to one gram each of the representative soil sample
taken in centrifuge tubes, to which 2,4-D was added as per treatments, The tubes
were shaken for different equilibration periods yiz., 2, 4 and 6 hours, centrifuged
and th‘e quanfify of 2,4-D in the aliquot was determined byb the colorimetric
procédure as. described in section 3.2. The‘diﬁ'eren.ce between the amount of
herbicide added and the quantity remaining in equilibrium solution was taken as
the _. amount of herbicide adsorbed by the soil. Correlation between physiéo
chemical préperties and the quantity of 2,4-D adsorbed by the soils -werel worked

out.

Adsorption isotherms were prc;,pared by plotting logarithm to the base 10
of the mass of 2,4-D adsorbed per unit mass of soil on the Y-axis and logarithm
to the base 10 of equilibrium concentre.ltion on the X-axis. Freundlich equatim; of
the form log x/m=log K + n logC (where. x/m=quantity éf 2,4-D adsorbed per
unit mass of the soil; C =equilibrium concentration of 2,4-D; K and n are
constants. Slope- and intercept of t.he curve provided values of n and K
respectively) was used for estimating the degree of adsorption of 2,4-D by the

soils. The equilibration period at which maximum K and R* (coefficient of
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determination) were obtained was selected and the extent of binding of 2,4-D by

different soils was compared using the isotherm constant K.
3.5 Leaching and movement of 2,4-D in soil

A column leaching study was conducted to estimate the leaching losses
and the pattern 6f movement of 2,4-D in the 16 representative soils. Tubes made
up of PVC with dimensions 40 cm length and 3.5 crﬁ internal diameter were
drive:ri into the paddy field to a depth of 20 cm so that soil columns having
. structure similar to that in the field was obtained. The PVC tubes with the
representative soil columns were taken out, both ends of which tied up with
cotton cloth and placed in plastic basins (60 éin diameter and 30 cm depth)
contéining water filled three fourth of its volume. This was done to simulate the
submerged rice ﬁeld condition. At the time of experiments the columns were
taken out from the basins and kept on a stand to drain off excess water. Cotton
cloth of the top end was remloved and water was added continuously through the
column and collected leachate in a beaker kept below the column. The time
taken for collecting 200 ml water was noted and the percolation rate (ml min™)
was calculated. Separate standards of 2,4-D sodium (technical) dissoived in
water were prepéred as per treatments (1.6 kg ha, 2.0 kg ha™ and 4.0 kg ha™)
and oﬁe ml of the 'san}e were applied to the columns. Water was added in the
same manner as done initially and 200 ml of the leachate was collected. The
tubeé were cﬁt at 10 cm and 20 cm depths from the top and the herbicide content

in the 0-10 cm and 10-20 cm soil layers and in the collected leachate was



55

estimated by colorimetry. The effect of water flux and physiochemical properties
of the soils on the movement of 2,4-D in the sixteen soils was worked out by
‘ correlation.

3.6  Persistence of 2,4-D residues in soil and rice plant undér field
condition ‘ ,

An experiment was conducted in farmer’s field at Pidikkaparambu in
Thrissur district (representative of the kole region) to study the dissipation of

2,4-D residues in soil and rice plant under field situation.

3.6.1 Details of the experiment

Location : Pidikkaparambu paddy field, Thrissur
Crop - : Rice S

Variety : Jyothi

Season : Second crop season, 1998 (September —
December) : -

Design - :RBD

Number of treatments : 5

T  :2,4-D @ 0.00 kg ha™ (hand weeding 25 and 40 DAS)
T,  :2,4-D@0.50 kg ha™
Ts  :2,4-D @ 1.00 kg ha™
Ts  :2,4-D@2.00 kg ha™
Ts  :2,4-D @ 4.00 kg ha™

Tiine of application  : Three weeks after sowing
Number of replications : 4 '

Germinated rice seeds were sown in the puddled field and all the crop
management practices were followed as per Package of Practices

Recommendations Crops (KAU, 1996).

Appropriate quantities' of 2,4-D sodium monohydrate (equivalent to

- 83.90% of 2,4-D acid) required for each plot as per treatments-were weighed
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accurately, dissolved in measured quantity of water (at the recommended spray

volume of 500 1 h_a"l) and sprayed in the plots at 21 days after sowing, using

ASPEE knapsack sprayer fitted with a floodjet npzzle.

3. 6.2 - Observations

[

The following biometric observations were recorded

Species wise weed count and dry matter production at 60 days after

sowing

Quadrat of 0.25 m* was kept randomnly at three places in each
plot. The weeds coming under these areas were rremoved and their species
wise counts were recorded. Then they were kept in an electric ‘oven at
80°C and their totai dry weight of each replication was determined. Th¢
weed count as well as dry weight per quadrat were multiplied with four so

as to express the data on square meter basis.

. Height of the plant and tiller production (total and productive tillers) at 60

days after sowing

Ten plants from each cf the above quadrats were selected and their
height, number of total and productive tillers were recorded and
expressed the data on square meter basis.
Yield of grain and straw at the time of hﬁrvest

At the time of harvest quadrat of 0.25 m? was kept randomnly at
three places in each plot. All the rice plants coming under tﬁe area under

the quadrats were cut at the ground level. The grains were removed and
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dried. Dry weight of grains per square meter area was calculated for each
plot and tabulated.
Straw portions from each quadrat were dried separately and

expressed the dry weight of straw per square meter area.

3.6.3 Analysis of 2,4-D residues

3.6.3.1 Soil
3.6.3.1.1 Sampling

- Two soil samples were collected from each plot at 0-15 cm depth using an
aluminium scoop, at 0, 1, 3, 6, 9, 15 and 30 days after sbraying. The soiln samples
collected in the scoop was spread on a filter paper and kept for one hour so as to
drain excess water. The two samplés collected from the same plot were pooled
and 20g of the pooled sample was taken for residue analysis. Simultaneously
another 20 g soil sample was weighed and kept for determination of moisture

content gravimetrically.
3.6.3.1.2 Estimation of herbicide residues in soil by colorimetry

‘Soil samples collected up to 30 days after spraying’ were analysed for
2,4-D residues by colorimetry. The extraction, cleanup and final estimation were

carried out by the proéedure as standardized in 3.2.
3.6.3.1.3 Estimation of herbicide residues in soil by gasvchromatography

Residue levels in the soil samples at 30 DAS were below the minimum
dete(;%able level of spectrophotometer-and the 2,4-D residues in soil at 30 DAS

were estimated by gas chromatography.
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3.6.3.1.3.1  Extraction

For the estimation of residues of 2,4-D in soil by gas chromatography, the
same extraction procedure as described in sectioh 3.2 was followed. Twenty gram
wet soil (after draining excess water by spreading over a filter paper) was shaken'
with 80 ml of extractant mixture (acetonitrile : distilled water : glacial acetic acid
of 80 : 20: 2.5 ratio) for a period of 30 minutes and ﬁltered.through Whatman

no.1 filter paper.
3.6.3.1.3.2  Separation and derivatization

The method described by Sankaran and coworkers (Sankaran et al., 1993)
was employed for separation and derivatization. The filtrate was acidified with
concentrated HCI (15 ml) and separated by extrécting twice each with 50 ml]

diethyl ether. The pooled ether was allowed to evaporate.

The phenoxy alkénoic acid cannot be‘analyse'd by gas chromatograph
without derivatization. The free carboxyl‘ grdups are highly polar and gets
adsorbed on the GC column and gives the acid a 10\& volatility. By converting
the carbogyl group to a methyl ester derivative, volatility ié increased and polarity

decreased resulting in quantitative symmetrical peaks in the chromatogram.

For derivatization of 2,4-D acid, 3.5 ml of boron trifluoride-methanol
_Mure was added to the residue left behind in the beaker after the evéporation of
diethyl ether. Then the beaker was kept on a waterbath at 70°C for 45 minutes,
cooled and the residue was transferred to 120 ml separating funnel. To this 25 ml

of saturated sodium chloride solution was added and the 2,4-D residues were -
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extracted 5 times with 5 ml each of hexane. The combined hexane portions were

concentrated to about 1 ml.
3.63.1.33 Cleanup

The residue was cleaned up by passing through a glass column of 30 cm
length and 20 mm internal diameter. The column was plugged with cotton at the
tail end and packed successively with 6 g silica and 2g éﬁhydrous sodiam
sulpl}ate. For this purpose silica and anhydrous sodium sulphate were plabed in
an (;ven at 105°C to remove moisture. The residue as obtained in section
3.6.3.1.3.2 was eluted. through the column using 50ml methylene chloride:
hexane solvent mixture (30:70). The first 25 ml of the eluate was rejected and
the remaining 25 ml was collected and the solvent was evaporated. The residue
was dissolved in one ml n-hexane and a suitable aliquot was analysed by gas
chromatograph.
3.6.3.2 Estimation of 2,4-D residues in whole plant samples and straw

The method suggested by QueeHee and Sutherland (1981) was used with

suitable modifications.
3.6.3.2.1 Sampling

Five whole plants were collected randomly from each plot at 30 DAS.
Root portion was removed and the above ground portions were pooled and
. chop‘ped into small pieces. In the case of straw samples sampling was done at the

time of harvest. Five plants were selected randomly aﬁd cut above the soil
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surface. Grains were separated and the straw portions were pooled and cut into

small pieces.
3.6.3.2.2 Extraction

Ten gram of the chopped sample was macerated with 100 ml water. Ten
milliliter of 0.6N NaOH was added and refluxed for two hours. This was
‘ stréined through an oil cloth and washed with 100 ml water. Filter cake was
suspended in 50 ml of 2 M HCl, refluxed for two hours and extracted thrice each"'-;
with 50 ml of diethyl ether. The ether and alkaline extracts were combined and
| the ether portion was separated and allowed to evaporate. Then 30 ml of 16%

Na OH was added so that the solution pH was greater than thirteen.

The aqueous alkaline solution was refluxed for 20 mihﬁtes, cooled and
extracted thrice each with 100 ml of diethyl ether. The caustic portion was
acidified with conc. HCl- (pH = 2) and extracted thrice each with 100 ml of
diethyl ether. This procedure of acidic and alkaline hydrolysis separates 2,4-D
from conjugates and other compounds present in the plant material (QueeHee and
Sutherland, 1981). The ether portions were mixed and allowed to evaporate. The
separation , clean up and derivatization procedures were same as in the case of

soil samples.

3.6;3\.'3 Determination of 2,4¥D residues in paddy grain

The grains separated from the five plants-as given in section 3.6.3.2.1

‘were pooled and 10 g portions of the pooled grain sample was ground- in a mixer
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gririder and macerated with 150 ml water. The extract was acidified with conc.
. HCI (15 ml) and kept ox;ernight. This was filtered and extracted five times each
w1th 10ml diethyl ether. The . ether portion was .allowed to evaporate.
Esfefiﬁcation, clean up and estimation brocedures were same as in the case of

soil samples. (Section 3.6.3.1.3.2 and 3.6.3.1.3.3.)
3.6.3.4 Recovery studies

Ten gram each of the soil, whole plant, straw and grain were fortified with
2,4-D -acid at 0.001 ppm level and the residues were estimated using same
procedure as mentioned above for soil, whole plant and straw and grain

. respectively (sections 3.6.3.1 to 3.6.3.3).

3.6.3.5 Conditions for gas chromatography

Detector 1 Electron Capture Detector
Column : HP-608 30 m X 0.53 mm X 0.5 ym

Temperature conditions:

Column : 180°C
Injector :210°C
Detector : 300°C
Carrier gas flow : 70 ml / min.,
Retention time : 8 min.

3.6.4 Effect of 2,4-D on soil microbial population

Soil plate dilution method was employed for determining the population
of microorganisms in soil. Two. soil samples were taken from the treated plots of
the field experiment at a depth of 0-15 cm at 3, 6, 15 and 30 days after treatment.

The samples taken from each treatment were pooled and aif dried. One gram of
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the pooled sample was diluted with water at a dilution of 10° and 10* for bacteria
and fungi respectively and replicated three times. They were separately plated on
enrichment media designed to promote these organisms. Martin’s Rose Bgngal
Streptomycin agar and soil extract agar were the enrichment media fof fungi and
" bacteria respectively (Rangaswami, 1988). The counts of bacteria and fungi were
taken daily up to one week after plating. From the observations on the total
number of bacteria per 10° g soil and fungal colonies per 10™ g soil, change in
their population (percentage increase / decrease over control) was worked out.
'By taking the population in the control plot as 100 (normal) corresponding values
.in the treated plots were calculated. Graphs were plotted using the percentage
deviation in the microbial population over control on the Y-axis and days after

spraying on the X-axis.
3.6.5 Statistical analysis

Relationship between the residue data obtained in the laboratory
experiments and the data on physicochemical characteristics of soils was

determined by working out their correlation.

The data on biometric observations and residue analysis of the field

experiment were statistically analysed by applying the analysis of variance. -



- Results



4. RESULTS

Three laboratory experiments and one field experiment were conducted at
. College of Horticulture, Vellanikkara to assess the mégnitude of 2,4-D residue
accumulation in the major rice soils of Kerala and the extent of contm@ation of
paddy grain and straw with this herbicide. Effect of 2,4-D residues on microbial
population in the rice field was also studied. Results of the experiments are

presented in sections 4.3 to 4.6.

Major physicochemical characteristics of the 16 soils (5 samples each

_froﬁn Palakkad and kuttanad region and six from kole region) taken for laboratory
experiments were estimated and the results are presented in section 4.1.

- Procedure for the determination of 2,4-D residues in soils was standardized and

the results are presented in section 4.2.
4.1 Physicochemical characteristics of soils -

The data on major physicochemical properties of the soils under study
(mechanical composition, pH, organic carbon content, cation exchange capacity,
anion exchange capacity, sesquioxide content, silica content and maximum water

holding capacity) are presented in Table 5.
4.1.1 Soils of Palakkad region

Clay content of the soils was in the range of 24.60 to 50.10 per cent. The

highest value of 50.10 per cent was shown by the soil‘collecte_d, from Alathur and
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the lowest value of 24.60 per cent was obtained in Nenmara sample. Except the
soil at Chittur all the other soils recorded pH values in the rangé of 5.30 to 5.40.
Highest pH value of 6.44 was recorded m Chittur sample. Organic carbon.
content was low to medium in aﬁ the samples and the highest value of 0.81 per
cent was recorded by Chittur sample and lowest value by Nenmara sample.
Cation exchange capacity varied from 3.60 to 6.53 per cent and anion exchange
capacity .was in the range of 7.80 to 8.28 per cent. Cation exchange capacity
value was highest in Chittur sample and the highest anion exchange cépacity
yalue was ghown by Nenmaié sample. Sesquioxide content varied from 2;00 to
11.00 per cent and the Palakkad sample had shown highest. sesquioxide content.
Silica content was in the range of 42.00 to 69.00 per cent of which the highest
value was shown by Alathur sample. Maximum water holding capacity was
varying from 33.44 to 37.10 per cent and Chittur sample showed the highest

value.

In general, the soils of Palakkad region are sandy clay in texture with
medium organic carbon content and slightly acidic in soil reaction. Caﬁon
exchaligé capacity was low, while the anion exchange capacity was high. The
data on properties‘ of soils indicate that these soils are lateritic in origin and

provides favourable environment for growth of rice.
4.1.2 Soils of kuttanad regicn

Among the different soils of the five locations in kuttanad, kari soil

samples of karumady recorded the highest clay percentage (74.00 %) and the soil
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.sample of Mathikayal recorded the highest silt percentage (34.60 %).
Conversely, the sand content of these two samples were very low (5.10 and
| 5.00 % for Karumady and Mathikayal respectively). Sand,' silt and clay content
of the other three samples were in the range of 34.80 to 35.30 per cent, 15.20 to
29.80 per cent and 34.60 to 50.00 per cent respectively. Silt content of
Karumady sample was 19.90 per cent and clay content of Mathikayal was 59.50

per cent.

“The pH of soil samples of kuttanad area was very low. The values rangea
from 2.80 to 4.00. The lowest value (2.80) was registered by Karumady and the

highest value (4.00) was shown by Moncompu-2.

Organic carbon content of all the five samples was very high, the range
being very wide (1.83 to 15.02 %). The highest value of 15.02 per cent was

registered by Karumady sample.

Cation exchange capacity of the samples ranged between 5.85 to 16.88
and anion exchange capacity ranged from 9.36 to 9.77. Both CEC and AEC
-values were higher in karumady sample which has recorded the maximum Vaiue
for clay content and organic carbon content. This soil has recorded the lowest pH

also.

The content of silica and sesquioxide in the soil samples were in the range
of 14.00 to 79.00 per cent and 6.00 to 21.00 per cent respectively. Silica content

was higher in Moncompu-1, 2, and 3 samples (66.00, 79.00 and’ 65.00 %
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respectively) where as the sesquioxide content was higher in Karumady
(21.00 %) and Moncompu-1 (18.00 %) samples. Lowest content of both

sesquioxide and silica was registered by Mathikayal sample.

Water holding capacity of all the soils were very high and the valugs
ranged between 48.56 to 56.74 per cent respectively. Among the five soil
samples, Mathikayal sample recorded the highest value (56.74 %) and

Moncompu-2 recorded lowest value (48.56 %).

In general soil samples of kuttanad region had greater amounts of organic
carbon and sesquioxides than the samples of kole and Palakkad regions. pH was
very low due to the presence of partially decomposed organic matter. CEC, AEC
and water holding capacity of the kuttanad samples were comparable to kole

samples.
4.1.3 Soils of kole region

Soils of kole area registéred sand content in the range of 20.00 t0 55.10
per ant. The lowest content was in Cherpu samples and the highest content was
in PiLlikkaparambu samples. Silt content was varying from 4.80 to 14.90 per
cent, t'he. highest value being recorded by Cherpu and the lowest by
Pidikkaparambu. In theﬂcase of clay also highesf value was recorded by Chel_'pu

(64.10 %). The lowest value was shown by Pidikkaparambu (39.60 %).
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All the soil samples of kole area were highly acidic in reaction. Soil
samples of Venkitengu recorded the lowest pH (3.70) ‘and the highest value of

5.15 was shown by the soil sample of Pidikkaparambu.

Organic carbon content of the soil samples were high (> 1.50 %) except in
Manalur and Pidikkaparambu. Highest value (1.87 %) was recorded by
Anthikkad sample. As in the case of organic carbén, CEC .was highest
(1575 ¢ mol(+) kg') in Anthikkad and lowest (3.15 ¢ mol(+) kg’) in

Pidikkaparambu.

Anion exchange capacity was varying ﬁofn 8.45 to 9.45 per cent which
were recorded by Manalur and Cherpu respeétively. Sesquioxide content was
very high in the samples of Kattoor and Manalur (19.00 % and 14.00 %
respectively) where as the other three samples recorded values in the range of
1.00 to 9.00 percent. The samples of Manalur, Kattoor an-d-Venkitengu have
shown higher values of silica (73.00 and 70.00 and 68.00 % respectively) and the
soil samples of the Anthikkad, Cherpu and Pidikkaparambu recorded lowér

values of silica content viz., 35.00, 53.00 and 65.00 respectively.

Soil samples of Kattoor and Venkitengu were very high in maximum
. water holding capacity compared to Anthikkad, Cherpu and Manalur samples.
Maximum WHC of”Kattoor and Venkitengu samples were 52.51 per cent and
50.60 per ceﬁt respectively. Soils of Manalﬁr and Pidikkaparambu have recorded

lower values (31.14 and 31.18 % respectively).
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Compared to the soils of Palakkad, kole soils had higher clay and organic
matter contents. These soils are highly acidic in reaction and have greater CEC

and AEC values which are indicative of their sedimentary origin.

4.2 Standardisation of method for the determination of residues ¢f 2,4-D in
soil ‘

In order to develop a simple colorimetric technique for the estimation of
2,4-D résidues in soil, methods of extraction (extractant and soil: extractant
ratios) and clean up were standardizeci. The first step consisted of détermination
of minimum detectable level of the instrument and the same is summarized

below.,

- 4.2.1 Preparation of calibration curve and minimum detectable level of the
instrument (MDL)

Standard absorption curve was prepared by taking varying concentrations
of 2,4-D acid, ranging from 0.05 pg g’ to 2.00 pg g’ in methanol. The
~ absorbance reading of each' standard solution of 2,4-D was plotted against
conc;antrlation and depicted in -Fig. 3. The response curve showed a linear
relationship across the range of 0.05 to 2.00 pg g™ of 2,4-D acid. The MDL of

the instrument for 2,4-D acid as obtained from the response curve was

0.01 pg g™

4.2.2 Selection of extractant and soil: extractant ratios

Two criteria used for the selection of extractant and soil; extractant ratios

were (i) percentage recovery of 2,4-D residues from fortified soil samples
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(ii) a;mdunt of co—extracﬁves removed. Among the seven extractants tested,
highest recovery (94.00. %) of 2,4-D residues from soil was obtained with
acetonitrile: distilled water: glacial acetic acid (80: 20: 2.5) at 1: 4 soil: extractant
rgtio (Table 6). The filtrate obtained by NaOH (1 % and 4 %) extraction was
highly turbid and coloured. The colouring materials co-extracted with 2,4-D
residﬁes, when NaOH was used could not be eliminated by the clean up
procedure employed in the study. The other four éolvents recorded lower

recovery percentage, which was in the range of 22.00 to 52.00 per cent only.
4.2.3 Recovery of 2,4-D from soil at different levels of fortification

Studies were conducted on the recovery of 2,4-D acid from the three
major rice soils of Kerala, at three different levels of fortification viz., 0.50, 1.00
and 2.00 ug g 2,4-D acid. Fifteen soil samples (five each from Palakkad, kole

and kuttanad) were used for this purpose and the results are presented in Table 7.

In the soil smﬁples of Palakkad region, percentage recovery of 2,4-D acid
at 0.50, 1.00 aﬁd 2.00 ug g levels of fortification were in the range of 74.00 to
100.00 per cent, 52.60 to 87.00 per cent and 60.00 to 86.00 pér cent respectively.-
Kole. soil samples registered values in the range of 40.00 to 100.00 per cent,
45.00 to 89.00 per cent and 39.00 to 77.00 per cent respectively for 0.50, 1.00
and 2.00 pg bg'l levels of fortification. Kuttanad soil samples recorded recovery
values in the rangé of 86.00 to 100.00 per cent -(at 0.50 ug g™), 72.00 to.100.'00

per cent (at 1.00 ug g™) and 63.00 to 96.00 per cent (at 2.00 pg g™).



Table 6. Recovery of 2, 4-D acid from pooled sbil sample of the kole region
by different extractants at 1.00 pg g level of fortification

S S o ‘ Recovery percentage
) Extractants . at soil extractant ratio
No. :
. ' 12 1:4
1 Acetonitrile 46.00 52.00
2 Acetic acid 45.00 48.00
3 Benzene 17.00 22.00 |
4 Acetonitrile: distilled water, glacial 86.00 94.00-
acetic acid (80:20:2.5) -
5 Chloroform: ether: acetic acid 46.00 46.00
-1 (50:50:1)
6 1% NaOH (0.25 M) 555.00 566.00
7 4% NaOH (1.0 M) 566.00 600.00
CD.s) ‘ 12.44 931
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Table 7. Recovery of 2,4-D‘ acid from the soils under study at varying levels of
' | fortification

Recovery of 2,4-D (ug g”and percentage) at

Mean
Soil , recovery
0.5(ngg”) | 1.00(ugg™) | 2.00(ugg™) | (%)
Alathur 0.39(78.00) | 0.65(65.00) | 1.72(86.00) | 76.33
Chittur 0.42 (84.00) | 0.87 (87.00) | 1.44(72.00) | 81.00
Palakkad | Koyalmannam | 0.46(92.00) | 0.87 (87.00) | 1.20(60.00) | 60.07
Nenmara -0.50 (100.00) | 0.80(80.00) | 1.67(84.00) | 88.00
Palakkad 0.37 (74.00) | 0.52(52.00) | 1.22(61.00) | 62.33
Moncompu 1 0.45 (90.00) | 0.86(86.00) | 1.45(73.00) | 83.00
Moncompu 2 0.49 (98.00) | 1.00(100.00) | 1.68 (84.00) | 94.00
kuttanad | Moncompu3 | 0.45(90.00) | 0.87 (87.00) | 1.77 (89.00) | 88.67 -
Karumady 0.43 (86.00) | 0.98 (98.00) | 1.26 (63.00) | 82.33
.| Mathikayal 0.50 (100.00) | 0.72 (72.00) | 1.91 (96.00) | . 89.33
| Anthikkad 0.20 (40.00) | 0.87(87.00) | 0.94 (47.00) | 58.00
Cherpu ~0.45(90.00) | 0.71 (71.00) | 0.78(39.00) | 66.67
kole | Kattoor 0.50 (100.00) { 0.89(89.00) | 1.51(76.00) | 88.33
Manalur 0.50(100.00) | 0.77 (77.00) | 1.53(77.00) | 84.67
| Venkitengu 0.49(98.00) | 0.45(45.00) | 1.22(61.00) | 68.00
____ Mean recovery (%) 88.00 78.87 71.20

* Percentage recovery of the applied herbicide is given in parenthesis
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In general, recovery of 2,4—D acid from the fortified samples decreased at
higher levels of fortification in all the soils which was obvious from the mean

values of the samples taken for the study.
4.3 Persistence and degradaﬁon of 2,4-D in the major rice soils of the state

Persistence of 2,4-D in the -sixteen soil sampleé (five samples ‘ea'ch‘ ﬁ'om
Palakkad, kole and kuttanad and one from the trial field viz., Pidikkapara:ribu)
was studied at three levels of fortification of 2,4-D acid viz., 0.50, 1.00 and 2.00
ug- g”. Herbicide residues remaining in the 'soil samplés at0,1,3,6,9, 15, 30
and 60 déys after 2,4-D application were estimated using the standardized

colorimetric procedure as detailed in 3.2.
4.3.1 Persistence of residues in the soils of Palakkad region

At 050 pg gt level of fortification, the five soil samples of Palal;kad
region registered 2,4-D residues in the range of 0.24 to 0.47 pg g™ on the same
day of application (Tablev 8). Then the values decreased in all soils and attained
‘non detectable level at ﬁme DAS in Chittur soil. At this time the other soil
samples recorded values in the range of 0.03 to 0.16 pug g™, At 15 DAS, only the
| Palakkad soil sample registered residues (0.02 pg g?). At 30 DAS, no soil
| registered detectable level of 2,4-D residues. At 1.00 pg gf1 level of fortification
of 2,4-D, initial residue ievels were in the range of 0.63 to 0.90 pg g”. As the
time of incubation increased, the residues decreased aﬁd two soils viz., Chittur

and Nenmara registered no 2,4-D residues at 15 DAS. At 30 DAS 'only the



Table 8. Residues of2,4-D (ugg™) in the soils of Palakkad region at different
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levels of fortification and after different periods of incubation

ND — Not Detected

[Levels of Period of incubation (days)
fortification | Soil ol 1|3 | 6| 9 | 15] 30| 60
(ngg) \
| Alathur 024 [ 0170140121004 | ND | ND | ND
Chittur 036 033 ]0.19]0.18] ND | ND | ND | ND
0.50 Koyalmannam | 0.34 | 031 [ 029 | 025 | 0.16 | ND | ND | ND
Nenmara 045 [ 0.18]0.16 ] 003 | 0.03 | ND | ND | ND
Palakkad 047 [ 018 [ 0.15]0.13 | 0.04 | 0.02 | ND | ND
Alathur 090 [ 0.38 | 033 023 [0.09 004 | ND [ ND
Chittur 0.63 [ 0.50 | 0.32 [0.07 { 002 | ND | ND | ND
- 1.00 Koyalmannam | 0.89 | 0.70 | 0.46 | 032 [ 0.17 | 0.09 | 0.06 | ND
Nenmara 0.85 | 0.48 | 037 | 0.17 {0.017| ND | ND | ND
Palakkad 0.85 034 | 030]025]0201002] ND | ND
Alathur 145 [ 091 | 0.72 ] 055 | 025 | 0.13 | 0.01 | ND
Chittur 120 | 1.16 [ 0.73 | 0.73 | 0.56 | 0.64 | 0.47 | ND
2.00 Koyalmannam | 0.98 | 0.94 | 0.82 | 0.68 | 0.48 | 0.68 | 0.37 | ND
Nenmara 135 | 1.08 [ 0.87 | 028 | 0.16 | 0.13 | ND | ND
Palakkad 154 [ 134 1095|065 053 ]023]0.16 | ND
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Koyalmannam soil samples registered 2,4-D residues (0.06 pg g’).  2,4-D

residues dissipated from all the soils by 60DAS..

At the highest level of fortification of 2,4-D (2.00 pg g™), residues in the
five sojl samples at 0 DAS was in the range of 0.98 to 1.54 ug g”'. The residue ‘.
levels‘in the soil samples decreased with time and at 30 DAS it was in the range |
of non detectable level to 0.47 pg g, At 3>O DAS, the lower residue values were
registered by Nenmara (non detectable level) and Alathur (0.01) samples. At the

60 day stage, 2,4-D residues.could not be detected in any of the samples.

As the period increased the residues decreased at all the levels of
application. ~ The residue levels in the soil samples increased almost

proportionately with the levels of application.

Kinetics of 2,4-D degradation in the soils of Palakkad region at different
levels of fortification was worked out by plotting the logarithm to the base 10 of
the quantity of 2,4-D residues on the Y-axis and period of incubation on the
X-axis (Fig. 4, 5 and 6). The regression eqqations for the same are given in
Table 9. The degradatioﬁ rate constant (first order rate édnstant, k) varied from

0.0769 to 0.1893 depending upon the level of fortification and soil type.

4.3.2 Persistence of residues in the soils of kuttanad region -

At 0.50 ug g'1 level of fortification, 2,4-D residues in kuttanad sbi]s at
L 2 .
0 DAS was in the range of 0.33 to 0.43 ug g™ (Table 10). In the soil sample of

Karumady, residues disappeared at a faster rate compared to other soils. Even at
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Table 9. Regression equations for degradation of 2, 4-D in the soils of Palakkad
region at varying levels of fortification

Levels of . Coefficient of
fortification . Regression equation determination
-1 ) SO]I 2
(Mg g R
Alathur log C=-0.0749 t—0.6279 0.90
Chittur log C=-0.0541t—0.4626 0.83
-0.50 Koyalmannam | log C=-0.0334 t—-0.4557 0.92
Nenmara log C=-0.1319 t—0.4853 0.88
Palakkad log C=-0.0834t—0.5076 0.92
Alathur log C =-0.0831 t—0.2006 0.95
Chittur logC=-0.1711t-0.1200 0.98
1.00 Koyalmannam | log C =-0.0392 t—0.2236 0.86
Nenmara log C =-0.0755t—0.1977 0.86
Palakkad log C=-0.0904 t —0.1646 0.88
Alathur log C =-0.0694 t —0.0958 0.99
Chittur log C=-0.0119t-0.0205 0.67
2.00 Koyalmannam | log C =-0.0129 t—0.0548 0.77
Nenmara log C=-0.0743 t—0.0658 0.90
Palakkad log C=-0.0335t-0.0768 0.89

C =Concentration of 2,4-D residue (pg g™)

t= time (days)

-
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Residues of2,4-D (ug g”) in thé soils of kuttanad region at different

Table 10.
' levels of fortification and after different periods of incubation
" Levels of . Period of incubation (days)

f"?;gcgaﬁi)of‘ Soil o | 1|3 |6 | 9 | 15|36
Moncompu 1 | 0.33 | 0.21 | 0.18 | 0.16 | 0.12 | ND | ND | ND
Moncompu?2 | 042 | 0.31 | 0.27 | 026 | 0.21 | ND | ND'| ND
0.50 Moncompu 3 | 0.34 | 0.34 | 0.33 { 026 | 023 { 0.13 | ND | ND
Karumady 043 {025 | ND | ND | ND | ND | ND | ND
Mathikayal 043 | 025} 0.04 {001 | ND | ND | ND | ND
Moncompu 1 | 0.94 | 0.62 | 0.57 | 0.26 { 0.24 | 0.05 | ND | ND
|'Moncompu?2 | 0.82 | 0.71 | 0.67 | 0.43 | 0.09 | ND | ND | ND
| 1.00 Monéompu 31081076064 | 061050030013 | ND
Karumady 0.58 | 047 | 0.12 | ND | ND | ND | ND ;ID
Mathikayal 094 | 047 | 045|029 | 0.12 | 0.07 | ND | ND
Moncompu 1 | 1.30 | 1.21 | 0.69 | 0.34 | 0.28 | 0.22 | 0.22 | ND
Moncompu 2 | 1.50 | 0.94 | 0.86 | 0.67 | 0.59 | 0.42 | 029 | ND
2.00 Moncompu3 | 1.34 | 1.32 1 074 | 0.59 | 0.59 | 043 | ND | ND
Karumady 128 | 1.22 | 0.76 | 0.60 | 0.42 | 0.20 | 0.04 | ND
L Mathikayal | 1.66 | 0.97 | 0.64 | 0.43 | 0.38 | 0.23 | 0.06-| ND

ND — Not Detected
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3 DAS, 2,4-D residues in Karumady sample fell below the detectable level. In
the soil sample of Moncompu-3, residue level was high at 15 DAS also. But in
the other samples 2,4-D residues could not be detected at this time. Moncompu-3

régistered non detectable level of 2,4-D at 30 DAS.

At 1.00 pg g™ level of fortification, the initial soil residues were in the
range of 0.58 to 0.94 pg g”. As the application level increased, the Karumady
soil showed de‘;ectable levels upto the third day only. In Moncompu-2 samples,
residues could not be detected after 15 days, but in the other three samples the
residues were in the range of 0.05 to 0.30 pg g7, At 30 DAS, only Moncompu-3

sample recorded residues of 2,4-D in soil (0.13 pg g™h.

When the soil samples of kuttanad were fortified with 2,4-D at
2.00 ug g7, considerable increase in persistence was noticed in all the sampleét’
'fhe initial residues were in the range of 1.28 to 1.66 ug g”', which decreased to a
range of non detectable to 0.29 pg g™ at 30 DAS. The non-detectable level was

observed only in soil sample of Moncompu-3 soil on the 30™ day.

Kinetics of 2,4-D degréd'ation in the soils of kuttanad region at different
levels of fortification are depicted in figures 7, 8 and 9 and the regression
equations for the same are given in Table 11. The degradation rate constant

varied from 0.0644 t00.2015 depending upon the level of fortification and soil

type.
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Table 11. Regression equations for degradation of2,4-D in the soils of kuttanad
region at varying levels of fortification '

Levels of : Coefficient of
fortification | Soil Regression equation determination
(g g) | ' | R?)
Moncompu 1 Log C=-0.0404t-0.5705 0.81
Moncompu 2 Log C=-0.0274t— 0.4393 0.83
0.50 Moncompu 3 | Log C=-0.0280 t—0.4291 0.95
Karumady Log C =-0.2355 t - 0.3665 1.00
‘Mathikayal Log C=-0.2800t-0.3917 1.00
Moncompu 1 | LogC=-0.0793 t—0.0482 0.96
Moncompu2 | LogC=-0.09781t+ 0.0075: 0.84
1.00 Moncompu 3 Log C=-0.0267t—0.0883 0.99
Karumady Log C=-0.2379t-0.1780 0.95
Mathikayal Log C=-0.0717 t—0.1463 0.94
Moncompu 1 Log C=-0.0251 t—0.1001 0.62
Moncompu2- | Log C=-0.0207t+ 0.0134 0.86
2.00 Moncompu 3 | Log C=-0.0326 t+ 0.0668 0.83
Karumady Log C=-0.0502t+ 0.0842 1.00
Mathikayal =~ | Log C=-0.0431t+0.0176 0.95

C =Concentration of 2,4-D residue ( pg g™)

t= time (days)
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'4.3.3 Persistence of residues in the kole soils

The six soil samples collected from different locations of the kole area
had residue levels in the range of 0.28 to 0.47 ng g'l_ at 0 DAS, when the samples
were fortified with 2,4-D at ‘0.50 pg g’ level (Table 12). The residues
disappeared in soil samples of Cherpu, Kattoor and Venkitengu by 30 DAS
whgre as in samples of Pidikkaparambu no residues could be detected even at
15 DAS The samples of Anthikkad and Ménalur recorded values of 0.01 and :
0.03 pg g respectively at 30 DAS and no residues could be detected in any

“sample at 60 DAS.

At the fortiﬁcation level of 1.00 ug g'l, 2,4-D residues estimated at 0 DAS
was in the range of 0.76 tc; Q.90 ng-g’. The residue levels decreased wifh time
and attained non detectable level at 15 DAS in Pidikkaparambu sample and the
other three soils viz., Anthikkad, Cherpu and Kattoor, residues reached non
detectable levei at 30 DAS. The soil samples of Manalur and Venkitengu

retained residues of 0.13 and 0.17 pg g™ respectively at 30 DAS. In these two

samples also residues could not be detected at 60 DAS.

~ When the level of fortification was enhanced to 2.00 pg g™ thé initial
residue values were in Ehe range of 1.20 to 1.51 pg g” and the level decreased
vvitH:'tirne. Even then, all the six so.il samples retained residues in the range v.of
0.05'ug g7 t0 0.36 ug g at 30 DAS. Dissipation of residues to non detectable

level occurred only at 60 DAS. It indicated clearly that persistence of 2,4-D
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Table 12. Residues of2,4-D (ug g™) in the soils-of kole region at different levels of
fortification and after different periods of incubation

[Levels of - Period of incubation (days)
{ggi:ffﬁon | Soil o | 1|3 |6 | 9 |15 3] 6
Anthikkad 0.45 | 030 | 027 | 025 | 0.14 | 0.07 | 0.01 | ND
Cherpu 0.46 | 026 | 0.19 | 0.17 | 0.14 | 0.13 | ND | ND
050 | Kattoor 0.47 | 035 | 0.19 { 0.17 | 0,15 | 0.10 | ND ; ND
" | Manalur 044 | 037 | 032 | 026 | 0.17 | 0.13 | 0.03 | ND
Venkitengu 033 | 032 | 027|019 0.17 | 0.12 | ND | ND
Pidikkaparambu | 0.28 | 0.19 | 0.16 | 0.12 | 0.03 | ND | ND | ND
Anthikkad 0.74 | 0.64 | 0.41 | 032 | 0.31 | 030 | ND | ND
Cherpu 0.84 | 0.70 | 052 | 0.44 | 030 | 027 | ND | ND
Log | Jattoor 0.85 | 0.74 | 0.73 | 0.44 | 024 | 0.15 | ND | ND
Manalur 0.84 | 0.71 | 0.64 | 0.48 | 0.38 | 0.35- | 0.13 | ND
Venkitengu 0.90 | 0.78 | 0.36 | 0.36 | 0.24 | 0.18 | 0.17 | ND
Pidikkaparambu | 0.76 { 0.55 | 027 [ 0.20 { 0.17 | ND | ND | ND
Anthikkad 120 | 0.80 | 0.60 | 0.56 | 0.55 | 0.40 | 036 | ND
Cherpu 143 1 070 | 059 | 0.58 | 0.47 | 0.45 | 027 | ND
roo  Etoor 136 | 096 | 0.78 | 0.78 { 0.53 | 0.33 | 0.31 | ND
Manalur 1.51 | 140 | 0.79 | 0.52 | 0.52 | 038 | 0.20 | ND
Venkitengu 1.46 | 1.05 | 1.49 | 0.48 | 035 | 0.16 | 0.05 | ND
Pidikkaparambu | 1.42 | 1.36 | 0.52 | 0.39 | 0.38 | 0.25 | 0.05 | ND

ND - Not Detected
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Fig.10 Kinetics of 2,4-D residues in the soils of kole region fortified at 0.50 pg g’
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Table 13. Regressmn equatlons for degradation of 2,4-D in the soils of kole
region at varying levels of fortification

Levels of Coefficient of
fortification Soil Regression equation determination
(g g™l ®R?)
' Anthikkad log C=-0.0533 t—0.3769 0.99
Cherpu log C =-0.0133 t—0.5985 0.49
. Kattoor log C = -0.0403 t — 0.4545 0.85
0.50 Manalur log C=-0.0378 t—0.3756 0.99
Venkitengu log C=-0.0304 t—0.4871 0.97
Pidikkaparambu | log C=-0.0947 t—0.5430 0.89
Anthikkad log C=-0.0255t—-0.2285 | 0.71
Cherpu log C=-0.0330t—0.1401 0.90
Kattoor log C=-0.05331—-0.0541 0.97
1.00 Manalur log C =-0.0255t—0.1240 0.97
Venkitengu log C =-0.0224 t—0.2492 0.67
Pidikkaparambu | log C=-0.07131-0.2124 0.87
Anthikkad log C =-0.0140 t—0.0996 0.69
Cherpu log C=-0.0177 t—0.0844 0.72
v Kattoor log C =-0.0202 t—0.0105 0.80
200 | Manalur log C=-0.0274t+ 0.0417 0.66
Venkitengu log C=-0.0502 t+ 0.0999 0.94
Pidikkaparambu | log C=-0.0451t+ 0.0220 0.93

C =Concentration of 2,4-D residue (pg g™)

t= time (days)
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residues in soil samples of kole area is comparatively higher than that of _

Palakkad area at all the ‘levels of fortification.

- Kinetics of 2,4-D degradation in the soils of kole region at different levels
of fortification are depicted in figures 10, 11 and 12 and the regression equations
for the same are presented in table 13. The degradation rate constant varied from

0.0760 to 0.1227 depending upon the level of fortification and soil type.

The results on degradation of 2,4-D in the three rice soils of Kerala
indicated that degradation rate of the chemical is greater in kuttanad soils

compared to Palakkad and kole soils.
4.4  Studies on adsorption of 2,4-D by the soils

Sorption of 2,4-D in the major rice soils of Kerala viz., Palakkad, kole and
kuttanad was studied in the laboratory. The treatments Consisted of three levels
of 2,4-D viz., 0.50, 1.00 and 2.00 pg g™ and three periods of equilibration (2, 4
and 6 hours). The quantity of 2,4-D adsorbed by soil saraples was determined by
subtracting the quantity of residue obtained in the solution from the total quén';ity

applied to the soil. The results are presented below.
4.4.1 Soils of Palakkad region

When the level of application was 0.50 pg g™ the variation in the quantity

adsorbed between soils at two hours was from 0.29 to 0.50 ng g~ (Table 14).

The variation in adsorption between soil samples was comparatively less at four
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Table 14. Adsorption of2,4-D (ug g™) by the soils of Palakkad region charged
at different levels at different period of equilibration

. Quantity of 2,4-D
f;-a];lt;gdzg adsor;b:gigb% t;e soil
(ngg™) Soil 2hrs { 4hrs | 6 hrs
Alathur 0.350 | 0.500 | 0.500
Chittur 0.500 | 0.500 | 0.500
0.50 Koyalmannam | 0.370 | 0.500 | 0.500
Nenmara 0.500 | 0.500 | 0.330
Palakkad 0.290 | 0.440 | 0.260
Alathur 0.900 | 0.840 | 1.000
Chittur 0.700 | 0.950 | 1.000
1.00° Koyalmannam | 0.620 | 0.960 | 1.000
Nenmara 0.840 | 1.000 | 1.000
Palakkad 0.960 | 0.880 } 1.000
Alathur 1.260 | 1.660 | 1.810
Chittur 1.460 | 1.690 | 1.660.
2.00 Koyalmannam | 1.570 [ 1.350 | 1.720
Nemmara 1.820 1 1.830 | 1.700
Palakkad 1.450 | 1.80C | 1.640
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hours (0.44 to 0.50 pg g'lj. Quantity of 2,4-D adsorbed by soil samples at six
hours was less than that at two and four hours_ih Nenmara and Palakkad samples,
the values being 0.33 and 0.26 pg g réspectively. In the other three samples
(Alathur, Chittur and Koyalmannam), the quantity of 2,4-D adsorbed at six hours

was same as that at four hours.

When the level of 2,4_—D application was 1.00 pg g™, quaﬁtity of 2,4-D
adsorbed at two hours was varying ﬁ;01n 0.‘62 to 0.96 ug g'l.. Palakkad soil
registefed the higﬁest value of 0.96 pg g” and the lowest value was recorded by
Koyalmannam sample. At four hours, Alathur and Palakkad samples recorded
| lower adsorption compared to that of two hours and the values being 0.84 and
0.88 ng g respectively. The other three samples recorded higher values' in the
range of 0.95 to 1.00 pg g at four hours. At six hours, all the soil samples

adsorbed the entire quantity of 2,4-D added to the soil.

‘At 2.00 pg g level of application of 2,4-D, thé variation in the quantity
adsorbed at two hours by the five samples was in the range of 1.26 to 1.82 ug g,
vAt‘ longer period of equilibration (4 hours) only one soil sample (Koyalmannam)
recorde_d lower values compared to that of two hours. At the end of an
equilibration period of six hours, only twb samples recorded higher adsorptidn of
2,4-D compared to that of ;wo and four hours. These soil samples were from
Alathur, Koyalmannam. The other samples recorded values in the range of 1.64

to 1.72 ug g'l.



Fig.13

Freundlich isotherm for adsorption of 2,4-D in the soils of Palakkad region
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In general maximum quantity was adsorbed by the soil 4 hours after

application at the lowest level (0.50 ug g") while as. the level increascd

adsorption increased with time.

Adsorption isotherms were drawn by plotting ‘th'e IOgal'ith to base 107 of
the equilibrium concentration of 2,4-D on the X-axis and the quantity of 2,4-D '
adsorbed per unit mass of soil on the Y-axis. Only one equilibration was selected
for calculating the degree of adsorption of 2,4-D by the soils. The equilibration
period at which maximum K (Freundlich isotherm constant K) and R?
(regression coefficient) were obtained, was selected for each soil of the region
and the respective isotherms are presented in Fig. 13. The figure indicated that
2,4-D adsorption in the soils under study followed Freundlich isotherm. The K
values (deéree of adsorption of 2,4-D) of the soils ranged from 3.62
(Koyalmannam)' to 4.61 (Palakkad). The selected equilibration period and
Freundﬁch isotherm }constants, K and n for each soil of the region aré présented

in Table 17.
4.4.2 Soils of kuttanad region

The pattern of 2,4-D adsorption by the soil samples of kuttanad at 0.50
ng g level of application was similar to that of kole soils (Table 15). Variation
between soils was inqthe range of 0.20 té 0.50, 0.15 to 0.50 and 0.15 to 0.49

ng g for 2, 4 and 6 hours respectively.
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Table 15. Adsorption of2, 4-D (ug g”) by the soils of kuttanad region
charged at different levels at different period of equilibration

Quantity of 2,4-D

z?iaﬁlt;gdgg il adsorbed b?/ the soil
(g g™ o gg)at

2hrs | 4hrs | 6 hrs

Moncompu 1 0.500 { 0.460 | 0.300

Moncompu 2 | 0.500 | 0.150 | 0.150

0.50 Moncompu 3 | 0.200 | 0.270 | 0.490
Karumady 0.500 | 0.500 | 0.500

Mathikayal 0.460 | 0.430 | 0.150

Moncompu 1 0.870 | 1.000 | 1.000

Moncompu 2 | 0.840 | 0.870 | 0.950

1.00 Moncompu 3 | 0.690 | 0.740 | 0.900
Karumady 1.000 | 1.000 | 1.000

Mathikayal 0.280 | 1.000 | 1.000

Moncompu 1 | 1.890 | 1.670 | 1.780

Moncompu 2 | 1,600 | 1.760 | 1.770

2.00 Moncompu 3 | 1.410 | 1.700 | 1.700
Karumady 1.400 | 2.000 | 2.000

Mathikayal 1.570 | 1.880 | 1.990
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When the ‘kuttanad soils were treated with 1.00 pg g™ 2,4-D the reverse
trend was observed ie. quantity of 2,4-D adsorbed ét six hours was greater than
that of two and four hours, There was wide variation between the soils ie., from
- 0.28t0 1.00 pg g'l‘ at 2 hours. At four and six hours the variation became narrow

and the range in values were 0.74 to 1.00 and 0.90 to 1.00 ng g’ respectively.

When 2,4-D was applied to kuttanad soils at a concentration of 2.00ug g™,
quﬁntity adsorbed increased with period of equilibration. A variation in the range
of 1.40 to 1.89 ug g was noticed at two hours. Variation at four and six hours

were in the range of 1.67 t0 2.00 pg g™ and 1.70 to 2.00 ug g™ respectively.

Adsorption isotherms for the different soils in this region at varying
periods of eQuilibration were prepared. As mentioned in section 4.4. 1 the period
of equilibration was selected for calculating the degree of adsorption.
Freundlich isotherm for each soil at the selected equilibration period is depicted
in Fig.14. The K‘ values (strength of adsorption of 2,4-D) of the soils ranged from
3.65 (Moncompu 2) to 9.02 (Moncompu 3). The selected equilibration period and
Freundlich isotherm constants, K and n for each soil of the region are presented

in Table 17.

4.4.3 Soils of kole region

At 0.50 pg g™ level of application, the variatiori in the quantity adsorbed
was in the range of 0.22 to 0.50 ug g™ (Table 16). Anthikkad sample adsorbed

lesser quantity (0.22 pg g™) at two hours. In this sample, adsorption increased
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Table 16. Adsorption of 2,4-D (ug g™') by the soils of kole region charged at
different levels at different period of equilibration

. Quantity 0of2,4-D

er_ ast;gydzg ' adsorbed b;; the soil
’ - Soil (ugg)at

(kg g™) {2hrs | 4hrs | 6 hrs

Anthikkad 0.220 | 0.380 | 0.420

Cherpu " 0.440 | 0.370 | 0.420

0.50 Kattoor 0.350 { 0.350 | 0.170

, Manalur 0.340 | 0.490 | 0.400

Venkitengu 0.490 | 0.140{ 0.310

Pidikkaparambu | 0.500 | 0.500 | 0.310

Anthikkad 0.870 | 0.830 | 0.990

Cherpu 0.800 | 0.820 | 0.950

1.00 Kattoor 0.680 | 0.780 | 0.950

' Manalur 10.600 | 0.880 | 0.900

Venkitengu . | 0.870 | 0.750 | 0.900

Pidikkaparambu | 0.560 | 1.000 { 0.960

Anthikkad 1.700 | 1.750 | 1.620

Cherpu 1.740 | 1.570 | 1.820

200 Kattoor [ 1.760 | 1.900 | 1.470

Manalur 1.640 | 1.640 | 1.700

Venkitengu 1.500 | 1.720 | 1.630

Pidikkaparambu | 1.670 | 1.900 | 1.790
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with time (0.38 pg g™ at 4 hours and 0.42 pg g™ at 6 hours) while in the other soil
samples, no definite trend was observed. The quantity adsorbed by the other soil
samples varied from 0.14 to 0.50 pg g™ at four hours and from 0.17 t0 0.42 pug g™

at six hours.

The degree of adsorption in all the soils increased with the level of
application. At 1.00 ug g” level of fortification the quantity of 2,4-D adsorbed
by the six soil samples varied from 0.56 to 0.87, 0.75 to 1.00 and 0.90 to

0.99 pg g7 at 2, 4 and 6 hours respectively.

- At the highest level of 2, 4-D application soils of kole region adsorbed
2,4-D in the range of 1.50 to 1.76 ug g’, 1.57 to 1.90 pg g and 1.47 to

1.82 pg g respectively for 2, 4 and 6 hours.

Adsorption isotherms for the 6 representative soils of the region at the
selected equilibration period are presented in Fig. 15. The K values (strength of
adsorption of 2,4-D) of the soils ranged from 3.55 (Venkitengu) to 6.75

(Kattoor).

The selected equilibration period and Freundlich isotherm constants, K

and the exponent, n for each soil of the region are presented in Table 17.

Results of the adsorption study gave an indication that soils of the kole
and kuttanad regions have greater capacity for the adsorption of 2,4-D. Soils of

Palakkad region were poor in the adsorption of 2,4-D.
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Table 17. Freundlich isotherm constants and coefficients of determination (R?) for
' adsorption of 2,4-D in the major rice soils of Ke-ala.

e | [P

o : 2

g;:;:xllg Soi | se(lﬁrcst;:d K n R
Alathur 4 - 3.74 | 0.28 1.00
Chittur 4 3.64 0.26 1.00
Koyalmannam 6. ~ 3.62 0.27 1.00
Palakkad | Nenmara 4 3.77 0.28 | 1.00
Palakkad 4 4.61 0.31 1.00
Moncompu 1 2 4.03 0.29 0.99
-~ | Moncompu 3 2 3.64 | 025 | 0.99
kuttanad | Moncompu 3 4 9.02 040 | 1.00
Karumady 4 - 4.00 0.30 1.00
Mathikayal 4 4.28 0.31 1.00
Anthikad 4 5.61 0.33 1.00
Cherpu 4 5.43 0.31 1.00
kole Kattoor 4 . 6,75 0.37 1.00
Manalur 6 5.00 0.31 1.00
Venkitengu 2 3.55 0.24 1.00
Pidikkaparambu 4 3.86 0.29 1.00
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4.5 Leaching and movement of 2,4-D in the soil columns

The study was conducted in 16 soil columns (five columns from each of
Palakkad and kuttanad rice growing tracts and six columns from kole area) and
the treatments consisted of three levels of 2,4-D viz., 1.00, 2.00 and 4.00 kg ha™.

The results of the study conducted in different soils are presented below.
4.5.1 Leaching and movement of 2,4-D in the soils of Palakkad region

When the soil columns were treated with 2,4-D at 1.00 kg‘ ha™
concentration, Chittur and Koyalmannam soils had lower quantity of residues in
' the 0-10 cm layer (Table 18). These: columns recorded residues, levels of 0.20-,
and 0.17 pg g respectively while the other three soils contained higher quantity
of 2;4-D résidues ‘which varied from 0.27 to 0.36 pg g”. At 10-20 cm depth,
Alathur and Chittuf soils recorded no residues. Residue content at this depth in
Nenmara soil column was 0.07 pg g”. Koyalmannam and Palakkad soils had

greater quantity of residue at 10-20 cm depth.

Regarding the movement of 2,4-D to the lower layers (> 20 cm depth), it
was found that no detectable quantity is present in the leachate collected below

the soil column (Below the 20 cm layer).

The rate of movément of water through the soil columns-was measured in
ml min?. Among the five soil columns in Palakkad region, the sample collected
from Palakkad area had shown greater rate of movement of water, (0.37 ml min™)

and the lowest rate was shown by Alathur soil (0.04 ml min™) Chittur,
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' Table 18. Residues of 2,4-D (ugg™?)in the soil columns of Palakkad region at
various depths and at different rates of application

[ Quantity of Re.sidlies of2,4-D
2,A}-D (ug g7) at depths Residues of Percolation
applied to . 2,4-D
the soil . in the leachate rate 1
Soil 0-10 cm | 10-20cm a1 (ml min™)

column (ug ml™)

(kg ha™ | .
Alathur 0.27 ND ND 0.04
Chittur 0.20 ND ND 0.11

1.00 Koyalmannam 0.17 0.12 ND 0.09
Nemmara 0.36 0.07 ND 0.05
Palakkad -0.31 0.15 ND 0.37
Alathur 043 - 0.08 0.07 0.08
Chittur 0.25 0.36 0.05 0.23

2.00 Koyalmannam 0.31 0.16 0.03 0.19
Nemmara 0.60 0.09 ND 0.11
Palakkad 0.60 - | 0.21 ND 2.44
Alathur 0.45 0.35 0.09 0.08
Chittur 1.02 ND 0.09 0.11

4,00 Koyalmannam 1.26 0.23 0.10 1.60
Nemmara 1.24 0.57 0.10 1.04
Palakkad 0.51 - 0.25 0.10 1.27

ND — Not Detected
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Koyalmannam and Nenmara samples recorded values of 0.11, 0.09 and

0.05 ml min™ respectively.

When the soil ’(’:olumns were treated with 2,4-D at 2.00 kg ha™ level,
Nenmara and Palakkad samplés»had greater content of residues in the 0-10 cm
layer. The lowest concentration was obtained in Chittur (0.25 pg g™ and
Koyalmaﬁnam recorded a value of 0.31 pg g’ Similar results were obtained at
0.50 png g level also. In the next soil layer i.e. at 10-20 cm depth, Alathur and
Nenmara recorded lower values viz., 0.08 and 0.09 pg g™ respectively while
Chittur, Koyalmannam and Palakkad samples had residue levels of 0.36, 0.16 and
0.21 ng g™ respectively. Nenmara and Palakkad samples haci no detectable level
of residues iri. the leachate. In Alathur, Chittur-and Koyalmannam, quantities of
2,4-D residues obtained in the leachate were 0.07, 0.05 and 0403 pg mi’

respectively.

- While comparing the percolation rate in the different soil samples of
Pa;lakkad area, it was found that percolation rate Was higher in the soil columns
used for applying the treatment viz., 2.00 kg ha™. As the soil columns were taken
fr_om the field using PVC tubes certain dégree of compaction would have
occurred in soil columﬁs used for the study. The soil columns used for the
applicétion of 2,4-D at 1.00 kg ha™ level varied in the percolation rate in the‘
range of 0.08 to 2.44 ml min™. Higher values were recorded by Palakkad soil

and the lowest value was recorded by Alathur.soil.
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At 4.00 kg ha™ 1eve1 of application, Chittur, Koyalmannam aﬁd Nenmara
samples haci higher levels of res:idues in the 6-10 cm soil layer and the
co:fresponding values were 1.02, 1.26 and '1.24 ng g” respectively. Alathur and .
Paile‘a.kkad samples had lower residue levels (0.45 and 0.51 pg g” respectively).
Linear increase in residue content at 0-10 cm depth wﬁh levels of fortification

was obvious in the soil columns of Chittur, Koyalmannam and Nenmara.

At 10-20 cm soil layer, Nenmara soil column recorded higher residues
(0.57 pg g™) compared to other soil columns. Chittur soil recorded nondetectable
level of 2,4-D. Alathur, Koyalmannam and Palakkad ‘columns recorded 2,4-D

residues of 0.35, 0.23 and 0.25 pg g™ respectively.

Quantities of 2,4-D residues found in the léachate in the soil columns at
4.00 kg ha level of application were comparatively higher than that of 't.he lower
levels of application. The values varied erm 0.09 to 0.10 pg mI™ among the five
soil columns. Higher levels of residues in the leachate were noticed in

Koyalmannam, Palakkad and Nenmara samples.

Percolation rate of water in the soil columns under study (at 4.00) was in
the range of 0.08 to 1.60 ml min™, Higher rate of percolation was noticed in
Koyalmannam, Palakkad and Nenmara (1.60, 1.27 and 1.04 ml min™)

respectively.
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4.5.2  Leaching and movement of 2,4-D in the soils of kuttanad region

Five soil columns éo]lected from kuttanad area consisted of three Jﬁ_‘om
Moncompu (which represented karappadam), one from Karumady (which
represented kari lands) and one from Mathikayal (kayal lands). Quantity ~of
2,4-D residues retained by each soil layer (0-10 and 10-20 cm) were estimated at
varying rates of 2,4-D application (1.00, 2.00 and 4.00 kg ha™). The degree of
residue accumulation in the leachate and the rate of movement of water through

each soil column were also estimated. . The results are presented in Table 19.

At 1.00 kg ha™, the quantity of 2,4-D residues retained in the first soil
layer (0-10 cm) showed a Variatiqn ranging from 0.26 to 0.40 pg g between
soils. Moncompu-1 registered the higﬁest value of 0.40 and the lowest value of
0.26 was shown by Moncompu—3. Karumady and kayai columns registered 0.30

and 0.33 pg g™ 2,4-D respectively in 0-10 cm layer. -

In the 10-20 cm layer, soils differed widély in the contenf of 2,4-D
residues. Soil columns of Karumady recorded no detectable level of 2,4-D in the
10-20 cm layer where as the other soils recorded values in the range of 0.11 .lto
017 ug g™, Moncompu- 1. registered lowest value (0.11 pg g™) while Mathikayal
represented the highest value (0.17 pug g™). Residues of 2,4-D'v;/ere not detected
in the leachate of an;f soil. Percolation rate was lov-vest in the soil columns of
Karumady (0.03 ml min™") while the soil column of Mathikayal recorded highér
rate of movement of water (2.82 ml ﬁﬁn’l). The average percolation rate of the

five soil columns was 1.30 ml min™.
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Table 19. Residues of 2,4-D (ugg™) in the soil columns of kuttanad region at
various depths and at different rates of application

Quantity of Residues of 2,4-D Resid
24D recovered esicues B
. ) of2,4-D | Percolatio
app 11ed.to (g g’ ) in the n rate
the sol Soil at depths leachate | (ml min®)
(ke ha)) 0-10cm | 10-20cm | (ugml™)
Moncompu 1 0.40 0.11 ND 2.00
Moncompu 2 0.33 0.16 ND 0.22
1.00 Moncompu 3 0.26 0.12 ND 141
Karumady 0.30 ND ND 0.03
Mathikayal 0.33 ~0.17 ND 2.82
Moncompu 1 0.50 0.21 0.05 0.25
Moncompu 2 0.50 0.20 0.05 0.25
2.00 Moncompu 3 0.56 0.32 ND 1.00
Karumady 0.78 ND ND 0.01
‘Mathikayal 0.64 0.38 0.04 1.92
Moncompu 1 0.78 0.31 0.15 2.00
Moncompu 2 0.79 0.39 0.10 2.00
4.00 Moncompu 3 0.92 0.51 0.05 0.67
Karumady 1.00 ND 0.00 - 0.01
| Mathikayal 1.00 0.30 0.11 1.27

ND — Not Detected
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At 2.00 kg ha” level of 2,4-D application, quantity of 2,4-D residues
present in the soil columns at 0-10 cm depth was in the range of 0.50 to 0.78
ug g'. Moncompu-1, 2 and 3 recorded more or less. similar values (0.50, 0.50
and 0.56 pg g respéctively), while Karumady and Mathikayal had 0.78 aﬁd 0.64
ne g'-j respectively. In the soil clolumns of Karumady, no residue was found in
’the 10-20 cm layer. The other four soil columns recorded residpes ranging from
0.20 to 0.38 pg g"» of which Moncompu-2 showed th¢ 10west value (0.20 pg g™)

and the highest value (0.38 pg g) was for Mathikayal.

2,4-D residues present in the leachate was very low, :the average of the
five columns being 0.03 pg mI”". Moncompu-3 and Karumady soils did not have
detectable levelsrof 2,4-D residues in the leachate. Moncompu-1, 2 and
Mathikayal had residues 6f 0.05, 0.05 and 0.04 pg ml? respectively in the

leachate.

At 4.00 kg ha’ level of 2,4-D application Moncompu-1, 2 and 3 had
residues of 2;4;D in 0-10 cm soil layer to a concentration of 0.78, 0.79 ahd 0.92
ug g respectively. Both Karumady and Mathikayal retained 1.00 pg g 2,4-D
residue in the 0-10 cm soil layer. In the 10-20 cm soil layer, éoil column of
Karumady did not register 2,4-D residues to the detéctable level Mathikayal had
0.30 ug g’ and Moncompu-1, 2 and 3 had 0.31, 0.39 and 6.51 g g'i 2,4-D

residues respectively in this soil layer.,,.
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'In the leachate also, Karumady soil did not register any 2,4-D residue.
The other columns viz., Moncompu-1, 2 and 3 and Mathikayal recorded 2,4-D |

residues to the extent of 0.15, 0.10, 0.05 and 0.11 pg mlI™ in the leachate.

.].Rate of movement of water through the soil columns was in the range of
0.01 to 2.00 ml min™. Soil column of Karumady: registered 0.01 m! min™ and
Moncompu-1 and 2 registered 2.00 ml min™. Moncompu-3 and Mathikayal
registered 0.67 and 1.27 ml min”. The average rate of movement of water in the

five soil columns was 1.18 ml min™.

A strong relationship between the rate of movement of water through the
soil column and the quaﬁtity of 2,4-D in the leachate was observed in the soil

columns of kuttanad.
4.5.3 Leaching and movement of 2,4-D in the soils of kole region

Soil columns collected from Anthikkad, Cherpu, Kattoor, Manalur,
Venkitengu and Pidikkaparambu were charged with different levels of 2,4-D viz.,
1.00, 2.00 and 4.00 kg ha™ and the residues recovered at various depths (0-10,

10-20 ‘and >20 cm) are presented in Table 20.

' lAt 1.00 kg ha™ level of application, the quantity of residues retained in the
0-10 cm layer was in the’range of 0.10 to 0.35 pggl. The highest value of 0.35
was recorded by Pidikkaparambu and the lowest value of 0.10 was recorded by
Cherpu. At 10-20 cm depth Manalur (0.00) and Kattoor (0.01 pg g™ registered ‘

lower residues. Residues of 2,4-D retained by Anthikkad, Cherpu, Venkitengu
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Table 20. Residues of2,4-D (ugg™)in the soil columns of kole region at various
‘ depths and at different rates of application

Quantity Residues of 2,4-D
of . recovered Resid ¢
2,4-D (ggh 5 Zsbtiﬁs}? Percolation
applied to at depths | -D ln the rate
. . eachate . -1
the soil -Soil : o) (mlmin™)
column ‘ 0-10cm | 10-20cm (hg m
(kg ha)’
Anthikkad 0.31 0.13 ND 3.33
| Cherpu 0.10 0.18 ND 0.75
1.00 Kattoor 0.29 0.01 ND 1.08
Manalur 0.16 ND ND 0.01
Venkitengu 0.27 0.09 ND 0.15
Pidikkaparambu | 0.35 0.10 ND 0.20
Anthikkad 0.40 0.35 0.20 20.00
Cherpu 0.42 0.31 0.14 20.80
200 Kattoor 0.56 0.26 0.02 1.30
T Manalur 0.79 0.19 ND 0.07
Venkitengu 0.79 ND - ND 0.02
Pidikkaparambu | 0.55 0.23 ND 0.25
Anthikkad 1.09 0.67 0.19 241
Cherpu 1.44 0.36 0.20 5.88
4.00 Kattoor 1.01 0.30 0.08 1.00
Manalur 0.61 0.15 0.05 0.15
Venkitengu 0.45 0.05 0.23 2.20
Pidikkapardmbu | 1.30 0.42 0.15 3.00

ND —Not Detected
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and Pidikkaparambu were 0.13, 0.18,‘0.09 and 0.10 pg g™ respectively. None of
the soil columns recorded residues in the leachate (>200m depth). Percolation
rate was very low in the Manalur column. (0.01 ml min™) and the other columns

had a variation in the rate of movement of water in the range of 0.15 to 3.33

ml min™. Anthikkad column had higher percolation rate (3.33 ml min™).

At higher level of fortification viz., 2.00 kg ha™, soil columns of Manalur
and Venkitengu recorded higher residues (0.79 pg g™) in the 0-10 cm layer.
Anthikkad column had the lowest content of residues in the 0-10 cm layer (0.40
ng g'). Cherpu, Kattoor and Pidikkaparambu recorded residues of 0.42, 0.56
and 0.55 pg g respectlvely in the 0-10 cm soil layer. When the residues were
estimated m the 10-20 cm layer, it was found that Anthikkad and Cherpu had
higher levels of residues in 10-20 cm layer. The same soils recorded higher
levels of residues in the same layer at 1.06 kg ha™ level of application also.
Venkitengu soil column recorded no residues in the 10-20 cm layer. Kattoor,
Manalur aﬁd Pidikkaparémbu recorded residues to the extent of 0.26, 0.19 and

0.23 ug g™ respectively.

In the leachate collected from Manalur, Venkitengu and Pidikkaparambu
soil 'colﬁmns no residues of 2,4-D was observed. These columns had lower
percolation rate (O..O7, 0.02 and 0.25 ml min™ respectively). Anthikkad, Cherpu
and Kattoor recorded 0.29, 0.14 and 0.02 pg ml™ respectively in the leachate.
- The corresponding percolation rate of water in these columns were 20.00, 20.80

and 1.30 ml min™.
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The data on recovery of 2,4;D in different soil layers at 4.00 kg ha™ level
of application indicated that soil columns differ widely in their retention capacity
and leaching behavior of 2‘,4-D. At:0-10 cﬁq depth, Chei‘pu soil reco_rded‘ higher
residues (1.44 pg-gh). Anthikkad,.Kattoor and Pidikkaparambu soil columns
also behaved similar to Cherpu soil in the retention of 2,4-D and the quantities
retained by' these columns in the 0-10 c¢m layer were 1.09, 1.01 and 1.30
respectively. Soil columns of Manalur and Venkitengu registered 2,4-D residues
to the tune of 0.61 and 0.45 pug g™ respectively. Anthikkad (0.67 ug g'lj, Cherpu
(0.36 pg g7), Pidikkaparambu (0.42 pg g") and Kattoor (0.30 pg g™) soil
columns retained higher 2,4-D residues in 10-20 cﬁ layer also. Manalur and
Venkitengu had 2,4-D residues of 0.15 and 0.05 pg g™ fespectively in the 10-20

cm layer,

While studying the quantity of 2,4-D residues in the ieéchate e 20 cm
depth) it was found that Manalur (0.05 pg ml™) and Kattoor (0.08 pg rrﬂ'l) had
lower values, while Anthikkad, Cherpu, Venkitengu and Pidikkaparaxﬁbu had

2,4-D residues 0f 0.19, 0.20, 0.23 and 0.15 pg mlI™ respectively.

When the rate of movément of water though the soil columns was
studied it was found that Cherpu had the highesf rate of percolation (5.88
ml min®) followed *by Pidikkaparambu (3.0 ml min). Anthikkad and
Venkitengu had percolation rates of 2.41 and 2.20 ml min™ respectively. Kattoor

and Manalur had lower percolation rates (1.00 and 0.15 ml min™ respectively).
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The results indicated the direct relationship between percolation rate and leaching

losses of 2,4-D from soil.
4.6 Persistence of 2,4-D in soil and rice plant under field conditiqn

’fhe study was programmed td assess the persistence of 2,4-D in wet land
paddy and the éxtént of contamination of 2,4-D residues in rice plant, grain and
straw. A representative paddy field of Trichur district (Plate 1) was selected and
the experiment was laid out with five levels of 2,4-D. Residues of 2,4-D in the

soil and crop produces at different periods were estimated.
4.6.1 Persistence of 2,4-D residues in the rice soil

The | persistence of 2,4-D in the treated plots at different sampling
intervals are presented in table 21. .There was significant increase in the soil
residue levels by increasing the level of application of the herbicide. Maximum
quantity of 2,4-D ‘was recorded on the same day of application for all treatments
except T3 which recorded highest value at 3 DAS. The residue levels at 0 DAS in
the treatments Ty, T4and Ts were 0.062, 0.439 and 0.957 pg g’ respectivély. The
treatment T, recorded 2,4-D residues to levels of 0.046, 0.039, 0.041 and 0.028
respectively on 1%, 3, 6™ and 9™ days after spraying. At the recommended level
of 1.0 kg ha™, 2,4-D residues in soil at 1%, 3™, 6™ and ot days after spraying were
0.1’.)..5, 0.195, 0.012 and 0.086 respectively. Atr 2.00 kg ha™, the residue levels
estimated_ in the soil samples were 0.264; 0.376, 0.157 and 0.153 pg g°

respectively for 1%, 3™, 6™ and 9® days after spraying. At 4.00 kg ha”, soil
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résidues of 2,4-D were in the order 0.710, 0.446, 0.326 and 0.202 ng g7 on the
1%, 3™ 6™ and 9™ days respectively.j Only the highest rate of applicatioﬁ viz.,
4.0 kg ha™ resulted in residues detectable by colorimetric procedure at 15 days
(0.021 pg g™). Levels of 2,4-D residues in soil v;rere trace at 30 DAS (0.0001 and
0.0011 ug‘ g™) even for the higher rates of application, of 2.00 and 4.00 kg ha™
and were not detectable at -60 DAS. As the dose increase.d, the rate of

degradation was found to be faster during the initial period.
4.6.2 2,4-D residues in the rice plant, straw and grain

When the whole rice plants were analyéed for 2,4;D residues at 30 DAS
stage, the residues were detected only at higher doses, the values beihg 0.0004
and 0.0007 pg g* for 2.00 and 4.00 kg a.i. ha™ respectively (Table 21). The
maximum levels recorded for rice grain and straw were 0.000 1.7 and 0.0025g g?
respectively (Ts). In »T4 no residues were detected in the straw. The quanfity of
2,4-D in rice straw was very much higher compared to grain (0.0025 pg g™) for

the treatment Ts. This was much higher than the values recorded at PI stage also.
4.6.3 Effect of herbicides on weed control

Statistical analysis of the data on the weed count and dry ‘ma'tter
production of weeds at 60 DAS did not show significant diﬁ‘erence between
treatments (Table 22). Even though there weré a large number of grasses and
sedges in the experimental plots difference between treatments was not -

significant on their dry matter content.
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Table 23. Yield attributes and yield of paddy at various rates of 2,4 -D application

Dosage of POPUI.& HOM | otal no. | Productive Height Grain Straw
2,4-D of rice . . : . .
e of'tillers tillers of plants yield yield
application | plants (mo.m? | (no.m? (cm) | (kg m?) | (kgm?)
(kg ha'l) (no. m'2) ) S X8 g
T:-0.0 483.00 1565.70 808.38 65.78 0.495 1.813
‘Tg -0.5 383.25 757.18 787.20 57.75 0.452 1.875
Ts-1.0 398.25 953.20 902.30 59.55 0.520 1.875
T4-2.0 1382.75 957.50 875.38 63.88 0.570° 1.875
Ts- 4.0 469.50 959.70 1121.55 57.75 0.505 1.750
CD(0.05) | NS NS NS NS NS NS
CV (%) 19.28 36.57 18.19 7.14 12.68 | 27.44
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‘l |
Data on the grain and yield attributes viz. height of the plant, number of
total and productive tillers and yield were not- significantly different between

treatments (Table 23).
4.6.4 Effect of 2,4-D on soil microbt;al population

Influence of 2,4-D on the population of major soil microorganisras viz.,
bacteria and fungi was also studied in the- field exﬁeriment. From the
observations on the total number of bacteria per 1_0'(’ g soil and fungal colonies
per 10™ g soil, changes in population of micro flora With 2,4-D levels (percentage

increase/decrease over control) was worked out.

By té.king the population in the control plot as 100 (normal)
' corresponding values in the treatment plots were calculated. Graphs were plotted

‘using these values on the Y- axis and days after spraying on the X-axis (Fig.24).

The &ata on the total count of bacteria and fungi in soil at 3, 6, 15 and 30
days after herbicide application are given in Table 24. The herbicide had a
negative inﬂueﬁce on the population of soil bacteria. At 3 DAS, bacterial
population has been reduced to a tune of ~58.18 to —87.45 per cent. Increasing
the léyels of application of 2,4-D resulted .in greater reduction of bacterial growth
at 3“3‘ and 6@ DAS. In qthe‘ plot where 4 kg 2,4-D per hectare was applied,
bacterial population had been reduced to -a tune of 89.50 per cent at 6 DAS. In
the other three treatments (T2, T3 and T4) the percentage reduction values were —

61.90, -73.50 and —84.20 respectively. The percentage reduction of bacterial
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population over control for Ts, at 15 days after spraying was 85.00 per cent and in
the other treatments viz., T2, T3 and T4 the corresponding values were —74.60,
—51.40 and —77.40 per cent respectively. At 30 DAS there was an increase in the
bacterial population at all levels of application of the herbicide. Percentage
increase in Bacterial count over control for the treatments-T;, T», T3 and T4 were
54.05, 89.19, 62.16 and 10.81 respectively indicative of thevcom'plete dissipation

of the herbicide resiciues from soil.

The observation on the total nﬁmber of fungal colonies showed a reverse
trend of bacterial population for most of the treatments and intervals except at the
lower doses of 2,4-D ie. ‘at 0.5 kg ha’. With an increase in the level of‘
application of 2,4-D, there was a corresponding improvement in the growth of
fungi. Evenl though a decline in the ﬁmgal population was observed at 3 DAS, a
considerable increase in their number was seen at 6 DAS at highér doses. The
percentage change in the population of fungi over control at this stage ranged
from -+ 344%. fo + 615% dependmg on the rate of the application. This variation
was reduced as fhe tﬂne advanced and the corresponding change was between
7.2 and + 29.9% at 30 DAS. Attainment of nearly normal level of fungi and
bacté;rial_ population by 30 DAS could be atfributed to the complete loss Qf

1

residual effect of 2,4-D by various mechanisms.



- Discussion



5. DISCUSSION

Four sepaiate experiments were conducted at the College of Horticulture,
Vellanikkara to assess the fate of 2,4-D in rice plant and the major rice soils of
the state. The results» obtained are presented in the previous chapter and the
salient findings under eéch experiment are discussed in sections 5.3 to 5.6.
Discussion with regard to physico-chemical characteristics of the soils and
standardization of procedure for the estimation of 2,4-D are given in sections 5.1

and 5.2 respectively.
5.1. Physico-chemical characteristics of soils

All the soil samples were collected from representative rice growing tracts
of the state. The samples were characterised by a high clay content which ranged
ﬁ*orﬁ—24.60 to 74.00 %. Based on sand, silt and clay, the five samples of
Palakkad and Pidikkaparambu 6f kole region could be classified under sandy
élay; Soils of kuttanad and five samples of kole region were of clayey texture.
Except Chittur soil, all the samples were highly acidic in reaction.
Comparatively higher pH in Chittur sa;mples could be attributed to low rainfall of
the region and high base status of the soil (KAU, 1989). Clay content of Palakkad
soils were lower than that of kole (except Pidikkaparambu) and kuttanad. The
Palakkad soils are relatively old and are formed as a result of “weathering of
gneissic rocks. Kole and kuttanad soils are reclaimed lake beds. Due to higher
clay and organic carbon cbntent in kole (except Pidikkaparambu) and luttanad

soils cation exchange capacities were higher compared to soils of Palakkad
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region. Anion exchange capacities were also higher in the soils of these two
regions, as they had higher sesquioxide content. Sand content was very high in
Pidikkaparamb_u sample_: and hence silica content also showed the same trend.
Thus in most of the characteristics, kole and kuttanad soils showed resemblance,
which reflected their similarity in origin. Both are alluvial belts formed of
sediments. Similar observations in respect of physicochemical characteristics\

and morphology of kole and kuttanad soils has been reported by Johnkutty and

" Venugopal (1993)

From the data on physico chemical analysis of the sixteen soil samples of‘
the three rice growing regions of Kerala, it would appear that soils of a particular
rice growing tract differ in many soil characteristics, even if they showed
resemblances in some of their properties. Therefore,the soil samples collected
from a particular region éould not be treéted as a homogeneous group . Eaéh soil
was taken as an entity ‘and ranking for each pfoperty was done in descending
order. Bar diagrams were prepafed for the major characteristics of all the soils

under study (Fig.16a,16b and 16¢) so as to make clear the above aspect.

It could be noticed from the above mentioned figures that differences in

the organic mater content within a particular region was much more pronounced .

than any other soil property. Extreme’ variations in the organic carbon content

among the soils of kuttanad region reflected the differences in their origin.
- :

Moncompu 1,2 and 3 arecoming under the soil type, karappadam which are river

borne alluvial soils. Méthikaya] belongs to kayal soils and .are reclaimed lake
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beds. Both karappadam and kayal lands have medium to high amount of organic
matter. Karumady sample represents kari soil which exhibits characteristics of
once submerged forest area. Top soil layer of this area is very often underlain by

partially decomposed fibrous plant residues. (KAU,1984).

The other soil characteristics showing wide variations within the region

are (i) sesquioxide content and (ii) cation exchange capacity

The above observations indicated that each soil sample should be
considered separately while studying the behaviour of 2,4-D in the major rice

soils of Kerala.

5.2 Standardisation of method for the determination of residues of 2,4-D in
- soil samples :

Levels of herbicide may be very low in soil and its estimation involves
) leng*chy procedures of extraction and clean up. The type of extraction and clean
up procedures are decided by the instrumental technique with which the residue .
is pfoposed to be estimated. In the present study, selection of est-ikmation
prqcedure, standardization of extraction method, selection of clean up and
'val'idation of method for 2,4-D residue estimation are considered separately and

summarized below.
5.2.1 Selection of estimation procedure

The observations made by Freed (1948) indicated clearly that in the
aromatic acids only halogen derivatives of aryl oxy acetic acids react with

chromotropic acid to give .colour and the results of analysis conducted by
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Marquardt and Luce (1955) also showésl that the colour with chromotropic acid is
sufficiently characteristic for the determination of 2,4-D. Keeping. the above
views in mind, the soil samples were taken from areas wifh no history of 2,4-D
application, fortified with 2,4-D at 1.00ppm (1.00 pg per gram) level and

proceeded for the standardization of extraction method.
5.2.2 * Standardisation of extraction method

Soil samples collected from kole areas of Thrissur district were pooled

and a representative portion was taken for the study.

* Extractant p'roposed for colorimetric ‘estimation. 0f2,4-D in mﬂk, grain or
seed by Marquardt and Luce (1951 and 1955) could not be directly employed for -
the estimation of 2,4-D residues in soil. In the initial step of eitfaction of 2,4-D
from milk, the above scientists used ethylerie glycol, sodium hydroxide and ether.
These reagents were used to remove fat from milk. In the next step they used
cqncentrated hydrochloric acid for separating proteins and phosphotungstic écid
for precipitating soluble proteins. For extraction of 2,4-D from grain and seed,
the above scientists proposed silaking the sample with the ext-ractant viz.,
chloroform: ether: acetic acid (500:500:10) followed by extraction with the

‘reagents in the féllowing order: water — sodium hydroxide — chloroform —
HCI —» éther followeda by NaOH — chloroform — concentrated HCl —
phosphotungstic acid solution. Minute quantity of 2,4-D picked up by the plant
and translocated to the grain could be estimated by this extraction procedure. In

the case of soil, such a long extraction method is not required as fat; protein and



coloring materials do not form major components of soil. The analytical scheme
illustrated by the above scientists actually provided a basic outline for the

determination of residues of 2,4-D by colorimetry.

- Many organic solvents and combinations of organic solvents and water
hay“e been proposed by earlier workers 7 (Henkel, 1966; Pﬁrkayastha, 1974;
-Renberg, 1974; Khan, 1975; Smith, 1978). Extractfon of phenoxys from soil is
dependeht on soil type and the presence of microorganisms etc. (QueeHee and
Sutherland, 1981). As 2,4-D is a strongly polar herbicide, an extraction with a
solvent of high folarity is required. Phenoxy alkanoic acids are anionic
compounds and free acids are generally extracted from acidified media
(Hammerstrand, 1976). The above factors were considered during

standardization process.

A combination of seven extractants (organic and inorganic compounds of
high polarity and mixture of organic solvents in acidic media) and two soil:
extractant ratios were compared for efficiency of extraction of 2,4-D’ residues

from soil.

After shaking the sdil with the extractants for a period of 30 min., the
extracts were filtered out. It was observed that the filtrate obtaiﬁed from _sodium.
hydroxide extraction (botfl concentrations) was deep yellow in colour which
indiéated that some compounds other than 2,4-D are also extracted from soil by
sodium hydroxide. Among the other five f;xtractants acetonitrile: distilled water:

glacial acid (80: 20: 2.5) and chloroform: ether: acetic acid produced less intense
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colour in the filtrate compared to that of the other three extractants viz., acetone,
benzene and acetonitrile. This itself showed the superiority of the above two
extractants in the estimation of residue. But conclusioﬂs could be arrived only
after cleanup and recovery values calculated from absorbance readings noted on

Spectronic 20 spectrophotometer.
5.2.3 Selection of clean up procedure

Cleanup is required to remove interfering substances and concentration of
the residue. Even clear, colourless extracts can have large amounts of
contaminants (Hammerstrand, 1976). Usually the clean up consists of
partitioning ‘of extract between a polar and non polar system. So in most of the
earﬁ'er methods (Marquardt and Luce, 1951 and 1955; Renberg, 1974) organic
solvent extfaction was followed by alkaline hydrolysié —> ether extraction —
acidification — ether extraétion.» It has been reported that concentrated bése is
more efficient than concentrated acid for the hydrolysis of conjugates present in
the matrix. The previous workers used /N sodium hydroxide for hydrolysis of
conjugates and diethyl ether for partitioning. Concentrated hydrochloric acid was
used for acidification and again diethyl ether was employed for partitioning. In
the present study, the soil extracts were taken in separating funnels and 100 ml of
IN NaOH folldwed by. 15 ml concentrated HCI and 50 ml diethyl ether was
added and diethyl ether portion was separated. The next step consisted of adding
50 ml diethyl ether to the aqueous portion a}xd the diethyl ethef portion was

separated and the ether extracts were pooled.
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Literature on the recdvery of 2,4-D from aqueous solution clearly
mentioned that consistent recoveries of at least 99 % are obtained with diethyl
ether even if the pH was adjusted by HCI or H2804 instead of phdsphatic buffer
(Bayer‘ and Lump, 1973). 2,4-D is a weak acid with pKa 2.73 (Nelson and
Faust,1969) and the free acid can be partitioned at pH beiow the ‘pKa of free acid.

Addition of concentrated HCI (15 ml) after alkaline hydrolysis served the above

purpose.

During the next step, buffered extraction solution was a_dded to remove
acidic materials other than 2,4-D from the ether solutipn which was suggested by
the previous workers. This was followed by acidification with 1 ml con¢entrated
HCl and extraction two times each with 10 ml carbon tetrachloride. This

- procedure jas méntioned above gave good recovery of 2,4-D at vafying
concentrations tried (Marquardt and Luce, 1951). The organic solvents and
other chemicals employed for clean up of ‘2,4-D by the earlier workers were
found satisfactory for estimation of é,4-D acid from soil in this study also.
However, the volume of solvent and the number of extractions required were
quité large because the earlier procedufe was 1ﬁeant for the estimation of 2 4-D
frorh; milk, grain and seed.. For clean up of soil extracts of 2,4-D residlies, no
con(zenient method was available in the literature. Ideally the partitioning
ltech'ﬁique .shouldv utilize ﬂ;e smallest aciueous volume, minimum number of
extréction steps and minimum volume of solvent. Partitioning value of >0.90 %
are necessary before >95% of a pesticide can be extracted from water in fewer

number of extractions and the minimum number of extractions should be five
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(QueeHee and Sutherland,l'981). Therefore, in the pre..sent study, an attempt was
made to reduce the number of extractions and solvent volume as much as
possible by suitably combining fhe procedures adopted‘ by different workers
(Marquardt and Luce, 1951 and ’195'5; Smith, 1978) .without compromising the

recovery of 2,4-D from the soil samples.

Among the seven extractants, both concentrations of NaOH (1 % and
4 % NaOH) produced much more récovery than the leve} of fortification of 2,4-D
which p(;inted out that even after the clean up employed as in the case of other
extractants, co extractives could not be separated and these two extractants were
eliminated from the final selection.  Among thé other five extractants,
acetonitrile: distilled wéter: glacial acetic acid (80: 20: 2-.5) recovered about
94.00 % of the applied 2,4-D at a soil: solvent ratio of 1:4. This ratio was

- superior to 1:2 as it recovered 8.00 % more herbicide from soil.
5.2.4 Validation of the method

The method developed for estimation of 2,4-D residues from soil samples
was validated by studying the recovery of 2,4-D from the soils collected from
five representative locations, each of the three rice growing areas at varying
levels of fortiﬁéation. Fig.17 illustrates the recovery of 2,4-D averaged over the
different levels of fortification (0.50,1.00 and 2.00 ng g™). Out of the 15 samples,
9 sarhples showed more than 80% recovery of the applied 2,4-D and only two
sarples had less than 60% recovery which indicated the suitabiﬁty of the method

to estimate 2,4-D residues from rice soils of Kerala. The recovery percentage
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was more at 0.50 ug g™ level of fortification compared to those at 1.00 to 2.00

ug g levels (Fig.18). “This could be explained in the following way.

2,4-D adsorption on soil components usually follow Fredundlich isotherm
of the form x/m = KC", where x is the mass of 2,4-D adsorbed, m is the mass of
soil.,‘C is the equilibrium concentration of 2,4-D being adsorbed and K and n are
constants. The constant; K indicates the strength of adsorption. When tﬂé
equation is expressed in logarithimic form, a linear relationship -of log (x/m) = log

K +n log C was obtained. Normally within a reasonable 1‘aﬁge of pesticide
céncentration, the relationship between log (x/m) and log C is linear with n being
constant (Giles ef al., 1960).. Concentration effects on adsorption of 2,4-D were
studied intensively by Watson et al. (1973). According to them anions were
bound onto goethite at low concentrations so that carboxylate groups were
weakly bound to positive sites with the hydrophobic aromatic ends directed
fowards the solution. At high cqncentrations, the anion orientation was reversed
With the aromaticv ring binding via m- 7 interaction (interaction between mobile
electrons in the benzene riﬁg of the adsorbent molecules and the adsorbent
surface result 1n considerable molecular adsbrption by Van der Waal’s forces)

with the first adsorbed layer and the surface reverting to its hydrophilic nature.

As the pH of the soils under study ranged from 2.8 to 6.40, both
molecular and anionic forms of 2,4-D might be present in the soil (pKa=2.73) and
the above mentioned concentration factor would have played a key role in the

adsorption process.
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2,4-D molecules are weakly bound to the soil at low cé_rlcentration and
are likely to be released into Wéter (Harris and Warren, 1964). - Higher recovery
of 2,4—D l'from the soils under study at 0.50 ng g” level of fortification could be
sufficiently interpreted based on the differences in the orientation of arorﬁatic

ring and side chain of the 2,4-D molecule.

Figure 18 also showed that the recoveries were 79.00 and 71.00 % for
1.00 and 2.00 pg g™ levels of fortification respectively and it is concluded that
the method is applicable for the determination of 2,4-D residues in soil samples

of the laboratory experiments.

5.3 Studies on persistence and degradation of 2,4-D in the major rice soils of
Kerala

Al"tholugh 2,4-D is a post emérgence herbicide, a lérge portion of the.
chemical applied on the foliage falls on the soil and are retained by soil particles.
The period of time for which the herbicide remains in the active form is a factor
determining its effectiveness and safety in weed control. A sound knowledge in
this aspect helps to ascertain the long term effect of herbicide application on the

soil and water environments.

Several mechanisms are reéponsible for the loss of phenoxy alkanoic acid
herbicide residues from spil. Precipitation, evaporation, crop uptake etc. are thé
- mechanisms éf physical loss of herbicide from soil. They do ndt actually degrade
the chemical. Photochemical, chémical and biochemical mechanisms are

responsible for the degradation of herbicide molecules. Data generated so far on
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é,4—D degradation pointed out that there is little breakdown of phenoxyacids in
the _absence of microbial activity and chemical degradation is very little (Rao,
1992). Photochemical degradation also would not be'éxpected to be a major
mechanism for the loss of phenoxy alkanoic acicis from the soﬁ, as fﬁese are
applied on the foliage and hérbicides reaching the soil surface will be partially
protectéd from the sun’s radiation by the crop canopy. Volatilisation is important
in the case of ester formulatioh as it has higher vapour pressure. In the case of
watef isoluble formulation of 2,4-D,‘ run off and leaching will be the major

pathways of diésipation.

Many studies have been conducted on the. soil persistence of 2,4-D
(De Rose and New man, 1947, Brow1_1 and Mitchell, 1948; Newman ef al., 1952;
Burger ef al., 1962; Norris, 1966; Altom and Stritzke, | 1973; Foster and
Mckércher, 1973; Plumb et al., 1977; Smith and Aubin, 1991; Sankaran et al.,
1993 and Cox, 1999). There is wide controversy on the persistence of 2,4-D in
soils. Although the normal period of 2,4-D persistence was 2 to.4 weeks,
- detoxification varied from 14 to 94 days depending on the soil. Cox (1999)
repoi'ted_that persistence of 2,4-D is \;ariable With half lives varying from 2 to 297

days.

Relatively little is known regarding the persistenée of 2,4-D in soils of
Kerala. The present investigation has provided some insight into the persistence

of 2,4-D in the major rice soils of Kerala.
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A detailed analysis‘of the magnitude of persistence of 2,4-D in the rice
soils of Kerala was conducted by testing the déta (Fig. 4 to 12) for
correspondence to the first order kinetic equation of the fofm C= Co e™ where C -
is the concentration of herbicide (ng g™) remaining at time t (days); Co is the
initial concentration of the herbicide (ng g’) and k is the degradation rate

constant.‘

Coeflicients of detcrmination obtained for the use of first order rate
equation for describing the degradation of 2,4-D indicated that the degradatioﬁ of
2,4-D in the soils of the three major rice growing regions followed first order
kinetics and therefore it was possible to workout half life of the herbicide in these
soils using the equation tin- 0.693/K. Several scientists had reported that
breakdown fate approximate first order kinetics below 10 ppm (Smith, 1978,
 Walker and Smith, 1979; Smith and Hayden, 1980 Mc Call ef al.,, 1981 Smith
‘and Hayden, 1981; Sattar, 1982; Ou, 1984) whereas at higher concentrations upto
aboqt 500 ppm, degradation is biphasic with slow initial breakdown followed by
an increased breakdown rate‘(Foumier et al., 1981; Ou et al., 1978; Payne and
Fultz, 1947 and Parker and Doxtader,. 1983). The data which gave significant R
value (>0.90 only) only weré considered for calculating the half lives of the soils
undef vstudy and the average half life over the three levels of fortiﬁcatiqn of 2,4-D

was worked out and presented in Fig.19.
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5.3.1 Half life of 2,4-D in the major tice soils of Kerala
5.3.1.1 Soils of Palakkad region

Among the different soil samples of the region, half life of 2,4-D was
lowest (Fig. 19) in Chittur sample (3.66 days). Higher values were recorded by
Koyalmannam (9.01 days) and Palakkad (5.31days) samples.  Possible reasons

for the rapid degrdation of 2,4-D in Chittur sample are the following.

i) Due to near neutral pH (6.44) of the soil, more number of bacteria

may be involved in degradation,

i) Higher organic carbon content (0.81 %) in this soil compared to other

soils of the region would have favoured the growth of soil microflora.
- 8.3.1.2 Soils of kuttanad region

Haif life 0f2,4-D in the soils of this region (Fig 19) varied from 3.44 days
(Kafumady) to 10.76 .dé.ys (Moncompu 3). Extremely high organic carbon
content of Karumady sample might have resulted in better mulﬁplication of soil
microflora especially of soil fungi. It has been reported that fungi belonging to
the genera Aspergillus niger are capable of degrading 2,4-D (Rao, 1992). In
addition to this, partial decomposition of organic matter present in the Karumady
sample would have favoured microbial enzymatic activities responsible for the
deg_radation of 2,4-D. se:/eral scientiéts reported that simple monomers formed
‘during the initial stages of decomposition of plant materials ( including ligniﬁ )
aré highly reactive than the stable humified organic matter (Stevenson,1985;.

Hedges,1988; Hatcher and Spiker,1988; Benoit and Barriuso,1997 ).
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5.3.1.3 Soils of kole region

The degree of variation in half life between soil samples of this region -
was lower (Fig. 19) than that of Palakkad and kuttanad regions. This couid be
attributed to the homogeneity of samples in physicochemical properties
especially in their clay content (39.60 to 40.00 %), while the clay coﬁtent range
from 24.60 to 50.10 % a-nd. 34.60 to 74.00 % for Palakkad and kuttanad regions
respectively. Clay organic matter ‘complex is the .seat of microbial activity and
the clay content would have played a key role in the availability of herbicide for

degradation reactions.
5.3.2 Relationship between persistence of 2,4-D and soil characteristics

Correlation coefficients were worked out between soil proberties and half
life of 2,4-D in the majbr rice soils of Kerala and are given in Table 25. It was
noticed that none of the soil properties had significant relationship with half life
of 2,4-D. This could be due to the greater influence of some other factors on the
rate of degradation of 2,4-D. Since kuttanad and kole soils are under submerged
‘condition for major part of the year, the total number of microflora and the degree
of humification of organic matter would be highly varying and these two factors

would have signiﬁcaht effects on the degradation procesé.

As mentioned in section 5.1 the soils vary widely between the regions and

within a particular region even though there are some similarities. In the
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Table 25 Coeflicients of correlation (r) betwéen soil characteristics
and half life 0of2,4-D

Soil characteristics

Coefficients of correlation (r) with
half life 0f 2,4-D

Sand %

0.146

| Silt % -0.109
Clay % -0.095
pH 0.248
Organic carbon % -0.318-

| Cation exchange capacity cmol (+) kg -0.216
Anion exchange capacity cmol (-) kg -0.227
Sesquioxides % -0.041
Silica % ‘ -0.327
Maximum water holding capacity % -0.028
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degradation pattern of 2,4-D also the same trend was observed. The_réfore,

grouping of soils based on half life of 2,4-D was not possible.

The bar diagram (Fig 19) shows the rank order accofding to the half life
values. Among the sixteen samples, the lowest value of 3.44 was recorded by
Karumady sample of kuttanad and the highest value of 19.76 was also recorded
by the soil sample of the same region (Moncompu 3). Wide vaﬁations in the
organic matter and clay content between these two soils were not suﬁicient to
give significant R? values with half life of 2,4-D .One of the explanations for the
same could be the variations in the number and type of microflora present in the
soils. Since the degradatidn of 2,4-D is mediated by -microorganisms, this factér

‘would have exerted greater influence than the soil properties.

From the above observations it could be concluded that the determination
of soil properties alone is not sufficient to make predictions on the persistence of

2,4-D in the rice soils of Kéréla.
5.4 Adsorption of 2,4-D by the soils

The importance of adsorption in herbicidal action is that it determines the
avaiiébility of herbicide‘ in the soil for plant uptake, the soil particles, its
persistence in soil and also its fnovement to lower soil layers and to ground water.
The degree of adsorption of a pesticide depends upon the nature and properties
of the chemical itself, the kind and amount of adsorbents in the soil and the

physico-chemical environment existing in the soil. There are conflicting reports
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in the literature regarding the reversible nature of adsorption (Khan, 1974).
~ Complete adsorption of a pesticide on organic surfaces (Nearpass, 1965), partial
adsorption (Hance, 1967)' as well as nearly complete irreversibility (Coffee and

Warren, 1969) have been observed.

In the present study an attempt was been made to study thg adsorption of
2,4-D in the 16 soil samples collected from major paddy growing areas of the
state at three diﬁ‘erént lev.els-of fortification (0.50, 1.00 and 2.00 pg g™ ahd at
three peridds of equilibration. At all the three levels of application (0.50, 1.00
anri 2.00 Hg g’ soil) major quantity of 2,4-D was adsprbed by the soils at two
hours of equilibration. In general, the magnitude of adsorption increased at four
hours of equilibration cbmpared té two hours in the soils at different fortified

levels of 2,4-D. |

Ffom tﬁe results obtained on the adsorption of 2,4-D in the major rice
soils of Kerala, it was also found that the degree of adsorption was dependent on
concentration of herbicide and petiod of equilibration. | Higher degree of
adsorption at higher concentratibn was a. quite common phenomenon in the
adsorption studies of many pesticides (Mandal and Adhikari, 1995; Bastin, 1996)
and the same phenomenon was observed in the present study also. Reasons for -

the same has already been explained in section 5.2.
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5.4.1.1 Soils of Palakkad region

The Freundlich isotherm constant K showed a variation in the range of
3.64 to 4.61 between soil samples of this region (Table 17). Cémparatively lower
pH and organic matter content of the soils of this region (Fig. 16a and 16b) would

have reduced the adsorption of 2,4-D by these soils.

The highest value of 4.61 was recorded by Palakkad sample and this

could be resulted from the higher sesquioxide content of this sample.
5.4.1.2 Soils of kuttanad region

- "The K values in the soil samples of this region ranged from 3.64 to 9.02
(Table17). Even though Karumady sample had a higher organic carbon content,
the same trend was not reflected in the strength of adsorption of 2,4-D by the soil.

This could be explained in the following manner.

Ofganic matter present in the soil consists of different components like
humic acid, fulvic acid, humin etc. and their proportion varies depending on the
degree of decomposition of organic matter. QueeHee and Sutherland (1981)
reported that humic acid strongly adsorbed 2,4- D and the “isosteric’ heat of
adsoxrpﬂon of 2,4-D for the hurmc acid / clay complex was approximately —2.00
to +2.00 k cal moI” while the corresponding values were ~1.20 to —0.30 k cal
mol™ for fulvic acid. Humic acid is formed at later stages of decdmposition of
organic matter, whereas fulvic acid is a product formed during the early stages of

decomposition. Lower k values observed in Karumady sample could be
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attributed to lower degree of humification. These soils are always under
submerged condition and they are underlain by blocks of wood and organic

matter of varying stages of decomposition.
5.4.1.3 Soils of kole region

The range in K values between samples was 3.55 (Venkitengu) to 6.75
(Kattoor) (Table 17). As in the case of Palakkad region the major difference
between the two soils was in their sesquioxide content. Venkitengu sample had
very low sesquioxide content (1.0 %) while the Kattoor sample recorded a high

value (19.00 %) for the same.

The results suggested that sesquioxide content of the soil would have

influenced the degradation of 2,4- D.
5.4.2 Relationship between soil properties and adsorption of 2,4-D

.Correlations were worked out between soil .charécteristics and-adsorption
of 2,4-D (Table 26). Lack of significance in the R? values indicated that the wide
variations in the soil properties would have exerted varying influence on the
degree of adsorption of 2,4-D. It seems that adsorption of 2,4-.D isa funcfion of

combination soil properties, rather than that of a specific soil characteristic.

Figure 20 illustrates the rank order of each soil of the three rice soils of
Kerala, with respect to their capacity to adsorb 2,4-D. Moncompu 3 of kuttanad

was ranked as 1 and Venkitengu of kole région was the last in the rank order.
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Table 26 Coefficients of correlation (r) between soil characteristics and degree of
adsorption (Freundlich isotherm constant, K) of 2,4-D

. Coeflicients of correlation (r)
Soil characteristics with degree of adsorption
‘ ' , of2,4-D
Sand % : -0.151
Silt % -0.157
Clay % 0.288
pH 0212
Organic carbon % ‘ -0.028
Cation exchange capacity cmol (+) kg™ | 0.025
Anion exchange capacity cmol (-) kg™ 0.350
Sesquioxides % 0.251
Silica % 0.029
Maximum water holding capacity % 0.341
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Although organic matter has been impliéated in the sorption of 2,4-D in
soils as reported by previous workers (Sherburns and Freed, 1954; Sheets ef dl.,
1962; Dubey and Freeman, 1964; Talbert agd Fletchell, 1965; Hance, 1965;
Nearpass, 1965; Obein ef al., 1966; Upchurch et al.l, 1966; Hamaker and
Thompson, 1972; Karickhoff et al; 1979; Grover et al., 1985; Mc Grath, 1994 -
and Baskaran ef al.,1996) the magnitude of its influence was not considerable in
the study.  There wés no difference in K values between soils of low and high

organic matter contents. The following points may be considered in this regard. ,

| Since hydrogen bonding plays an important role in the adsorption of
organic molecules (Kohl and Taylor, 1961; Mortland and Meggitt, 1966), it is
Iikely that differences in the degree of decomposition of organic matter will make
much variaﬁons’ in the number of reactive grbups available for hydrogen bonding.
Though Karumady sample had very high organic carbon content no better K
value was observed. This is because the soil sample is a representative of kari
lands wﬁere thé organic matter is in varying stages of decomposition. As the
degree of humification of organic matter decreases, a corresponding reduction in
the K value was implied in the pesticide adsorption (Hamakar and Thomson,
1972). This factor takes a major role on 2,4-D adsorption under low pH as
prevailiné, in Karumady merely because of the presence of the herbicide in

molecular form and the acisorption through hydrogen bonding.

- The findings of the studies on adsorption of 2,4;D in the major rice soils

of Kerala can be summarized in the following way.
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1) Adsorption»of 2,4-D in the major rice soil of Kerala followed Freundlich

' isotherm i.e magnitude of adsorption increased with concentration.

2) Prediction of degree of adsorption of 2,4-D in the rice soils of Kerala is a

complex process, as it is decided by a large number of factors.
§.5 Leaching and movement of 2,4-D in soil

Movement of herbicide within the soil profile is influenced by many
factors such as chemical nature of herbicide, the adsorptive capacity of séil and
the amdunt of .water available for downward movement through the soil. | So the
same factors of adsorption work: in reverse for Jeaching (Coffee and Warren,
1969). As é’arly as 1964 it‘has been reported that perCo_lating water appeared to
be the principal means of movement of water soluble éompbunds (Hartley, 1964).
Sodium salt of 2,4-D is the ‘most common herbicide in paddy fields and it is
highly soluble in water (4..5 g per 100 ml at 25°C). In Kerala rice is érown
mostly under submerged condition énd percolation of water is a continuous
process in these soils. Report of Lavy et al. (1973) had shown that 2,4-D was
leéched down as deeply aé 90 cm. If so, there is a potential danger of surface and
ground water contamination with this herbicide. 'In order to understand the
leaching behaviour of 2,4-D in rice soils of Kerala, column leaching study was
conducted by taking soil columns from paddy fields of the 16 representative
loca'tioné, 2,4-D was applied on the top of the soil columns and water was added
to paés through the' soil columns of 20 ¢m length. Leachate (50ml) was collected

in a beaker kept below the soil column. Columns were cut at 10 cm and 20 cm
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1ength, and residue content in vthe 0-10__ cm and 10-20 c¢cm layers and in the

leachate was estimated by colorimetry.

5.5.1 Leaching pattern of 2,4-D in the soils of Kerala
5.5.1.1 Soils of Palakkad region

In all the five soil samples quantity of 2,4-D retained in 0-10 cm and 10-
20 cm soil layers and in‘ the leachate increased with concentration. Twenty three
(Alathur) percent to seventy two percent (Nenmara) of the applied 2,4-D retained
in th¢ 0-10 cm laynr depending on concentration and type of soil nnder stu_dy (Fig
21). Retention of 2,4-D in the 10-20 cm 1ayer also varied (ND to 36.00 percent)
widely Between soil types and concentration. No residue was found in the
leachate at the lowest level of épplication; Differences in soil characteristics
were not sufficient to expléin the variations in the retention of 2,4-D in the soil
layers at varying depths. One of the reasons for the above could be attributed to
the degradation of chémical by microorganisms. Since 2,4-D is dégraded rapidly,
the time during which water is allowed to percolate through the column may be
sufficient for degradation of the chemical. Percolation rate varigd from 0.04 to
2.44 ml min" which showed that the time taken to collect the 50 ml leachate
varied from 20.49 min to 20.83 hours. The Palakkad soil column used for
applying the treatment Viz. 10 kg 2,4-D ha™ recorded a percolation rate of 2.44
ml min”. It registered the highest percolation rate as well as higher recovery of
2,4-D in both 0-10 cm and 10-20 cm soil layers. The Alathur sample which
registered the lowest percolation rate (0.04 ml min™) recovered low quantity of

2,4-D from the soil layers.
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It could be inferred that in a compacted soil, leaching of 2,4-D is
restricted not only by the effect of rate of movement of water but also dué to the
- degradation of chemicals by micro organisms. The extent of leaching of 2,4-D
through the soil coiumns of this region was comparatively lower when compared
to the soils of kuttanad and kole regions. A maximum of 5.00 to 7.00 percent of
the épplied 2,4-D may reach upto 20 crﬁ depth depeﬁding upon the rate of

- movement of water thrdugh the soil.
5.5.1.2 Soils of kuttanad region

Among the different soil columns of this region, Karumady sample
registgred no 2,4—D residue in the 10-20 cm layer and leachate (Fig 22). As .
discussed in the case of Palakkad soils, microbiology of the soils has played a
k_eylrole in the movement of 2,4-D through the soil columns of this region.
Karumady sample registered an extremely high organic matter content and hence
microbial degradation of 2,4-D would have faken place at a faster rate.
Laboratory studies on the persistence of 2,4-D in the soils of this region (Section
5.3.1.2) ‘had shown that rate of degradation of 2,4-D in the soils of this region is
very high with a half life of 3.44 days. The findings made it very clear that,
leaching pattern of 2,4-D is influenced by three major factors viz., soil type, rate
of percolation of water and number of microflora present in the soil. The
leaching pattern of 2,4-D in the soils of kuttanad region is similar to that of
Palakkad region i.e only 5.00 to 7.00 percentage of the applied herbicide may

reach upto a soil depth of 20 cm.
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3.5.1.3 Soils of kole region

While comparing the retention 2,4-D in thé 0-10 cm and 10-20 cm soil
layers of kole region, it was found that 20.00 to 79.00 per cent of the applied
2,4-D remained in the upper layer (Fig. 23) and this variation is attributed to
differences in rate of application, ‘soil type and rate of movement of water
through the soil. In thé lower layers (10-20 cm) no res_idues was found in the
Manalur and Venkitengu columns due to the extremely lower rate of movement
of water (0.01 ml min™). Among the soil columns studied, maximum recovery of
2,4-D in the 10-20 cm layer was registered by Anthikkad and Cherpu columns’
(60.00 to 70.00 %). Water movement through the célumps was at a very Mgh
rate espécially in the columns used for applying 2,4-D at the rate of -1 .00 kg ha™
which resultéd in almost 100.00 per éent recovery of the applied 2,4-D from

different layers.

From the column leaching studies of the soil columns of this region it was
found that even up to 20 per cent of the applied 2,4-D may leach beyond depth of

20 cm if the rate of movement of water through the soil column is high.

5.5.2 Effect of rate of movement of water through the soil columns on the

leaching pattern of 2,4-D in the rice soils

-

In the present column leaching study the rate of percolation of water
through the column varied from 0.01 ml min™ to 20.80 ml min™. So the time

taken to collect 50ml leachate diﬂ‘eréd widely from 2.4 min to 83.33 hours,



159

120+ g
g 1104 1.00 kg ha™
3
g%
Q2
S g
S8
g
g
&
Location ~
) A
. ﬁg_ 2.00 kg ha
."é |
g
a
%3
g &
Z
g
&
Location
120+ a
£ 110 4.00 kg ha
B 1004
:
8 80
§§° 70
3 8 90
~ 5 501
S & 404
& 30-
g 20
& 104 7 T - o
o :
LA S A A B 4
¥ & &
Q\

- Location

FH>20cm B 10-20 cm H0-10 cm

Fig.23 Depth wise distribution of 2,4-D residues in kole soils at
different rates of application (kg ha™)




160

dql'ing which degradation of 2,4-D also could have taken place. Degrédation is
mairﬂy brought about by microorganisms and occurred at relatively rapid rates
both under aerobic and anaerobic conditions éveh when it .leaches to a depth of
90 cm (Lavy et al., 1973). This is onei of the reasons for the differences in the

residue content in different layers of the soil columns taken for the study.

" One of the factors responsible for restricting the movement of water
‘through the soil is field compaction .It is influenced by soil properties as well as )
external pressure on the soil. In the present léaching study, soil columns within
the same location.diﬂ'ered in their percolation rate e.g. Anthikkad column, which
registered maximum concentration of 2,4-D in the leachate, had fhree different
rates of percolation when they were taken from three sites (3.33, 20.00 3and 2.41
mi min'l_ in- the columns used for the treatments viz;0.50, 1.00 and‘ 2.06
respectively); This is due to the difference in the degree of compactioh that
occurred while taking soil columns of smaller dimensions, directly from the field.
The force applied on the PVC tubes would not be the same and the variations in
the rate of movement of water through the soil column is mainly attributed to this

factor.

The relationship between percolation rate and concentration of 2,4-D in
the leachate (Table 27) wag highly significant (0.494* and 0.771**) at both the

higher levels of applications (2.00 and 4.00 kg ha™).

Based on the above ﬁndingé the following conclusions could be drawn

from column leaching' studies.
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1. Leaching pattern of 2,4-D in rice soils of Kerala is influenced by the rate

of percolation of water through the soil .

2. At the present recommended rate of 1.00 kg ha, the risk of ground

water contamination with 2,4-D residues is negligible.

3. Maximum residue limit of 2,4-D for drinking water is 0.1 pg I :(0.0001
ug per milliliter) and hence 2,4;D application at rates higher than 1.00
kg ha'(particularly in areas where movement of water through the soil

column is greater than 0.01ml min™)should be restricted..
5.6 Persistence of 2,4-D residue in soil and rice plant under field condition

Most of the residue studies on 2,4-D conducted so far in India and
elsewhere pertained mainly to the persistence of 2,4-D in soils. Information on
the dissipation of 2,4-D from rice plant is limited. The present study was taken
up to monitor the dissipation of 2,4-D from soil under field ‘condition,
accumulation of 2,4-D in rice plant and contamination of grain and straw with its
residues. The .eﬁ“ect'of 2,4-D residues on soil microbial population was also

investigated.

A farmer’s field at Pidikkaparambu in the kole area of Thrissur district
was selected for conducting the trial .The treatments consisted of 5 levels of
2,4-D (0.5, 1.0, 2.0 and 4.0 kg ha™) with 4 replications. Effect of 2,4-D on crop
and weeds, persistence of 2,4-D in soil and rice and thé effect of 2,4-D on soil

microflora in the paddy field are discussed in sections 5.6.1 10 5.6.3.
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5.6.1 Effect of 2,4-D on crop and weeds in the field

Within a week after spraying the herbicide; charaéteristic phytotoxicity
symptoms appea.réd on/the rice plant in the plots where 2,4-D was applied. The
degree of phytotoxicity increased with rate of application (Plate II). Severe
swelling and splitting of the basal nodes (Platelll) and drying up of lower leaves
was noticed on the rice plant at the highest rate of application of 2,4-D (4.00
kgha’l). It could be inferred that the selectivity of 2,4- D decreases at higher rate
of application. Similar results were reported by Rao (1992) The resistance of
g}'arﬁmaceous species to lower concentrations of 2,4-D is due to the capability to
metabolize the chemical to non herbicidal compouﬁdé by hydroxylation and

conjugation.

Conjugation of 2,4-D with glﬁcose molecules is a detoxification reaction
(Weintrub et al;1.952), while conjugation with aminoacids in rice plant will not
completely detoxify the herbicide. Aminoacid conjugates of 2,4-D possessed
herbicidal properties(Feung et al;1977).The most active compounds are less polar
aminoacid conjugates of leucine, isoleucine, valine, alanine and methionine. Rice
plant contain these aminoacids in appropriate proportions (Sikkha et al., 1993)
and they can form complexés with 2,4-D which may be toxic to the rice plant.
This could be one of the reqsoﬁs for the occurrence of phytotoxicity on rice i)lant

at higher rates of application of 2,4-D.

Chlorophenoxy acetic acids are auxin type herbicides. The mechanism of

action of 2,4-D is at gene level (Chen ef al., 1973). It was proposed that the
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4.0 kg ha™ 0.0 kg ha 0.5 kg ha™

1.0 kg ha™ 2.0 kg ha

4.0 kg ha™'

Plate I1. Phytotoxicity in rice by 2,4-D application



Plate IIL. Phytotoxicity of 2,4-D at 4.0 kg ha™
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selective phytotoxicity of auxin like herbicides is based on differential alteration
of RNA species, change in the number of DNA sites available for transcription

and interference with protein synthesis.

"fhough phytotoxicity Was better visualized in the plots which received
higher concentration of 2,4-D, grain or straw yields was not affected
significantly. This is attribufed to the inherent capacity of rige plant to detoxify
2,4-D by hydroxylation and coﬁjugation With plant constituents. Presence of
greater amounts of hydroxylases in resistanf species has been reported by many

scientists (Weintrub et al., 1952).

No broad leaved weeds \‘Nere completely controlled by 2,4-D application.
Only the sedges and grasses (Cyperus sp., Fimbristylis miliaceae , Oryza
rufipogon, Sacciolepis .interrupta, Isachne sp.and Cynodon dactylon ) were
oBServed at 60 days after spraying the herbicide. There was not much difference
in 'th¢ weed population between the different levels of 2,4QD. However, in the
hand weeded plot, significantly higher number of sedges were noticed, though
there was no difference in the total dry weight of weeds. Maximum dry weight of
weeds was obtained in the plots where 2,4-D was applied at 0.50 kg ha”. The
findings of the field study confirmed the efficacy of 2,4-D in controlling the

broad leaved weeds in paddy at the present recommended rate of 1.0 kg ha™.



167

5.6.2 Persistence of 2,4-D in the rice soil and plant at varying rates of
application :

Under the field condition 2,4-D ‘persisted in soil is less than 30 days.
Microbial degradation is the major path Wa); of 2,4-D degradation (Alexander
and Aleem, 1961). Both bacteria and fungi are involved in the degradation. st
is due to the presence of adaptive enzymes present m the microbial cells.
Microbes possessing those enzymes (mainly oxidases) can utilize carbon ator;ls
of 2,4-D molecules as their energy source and they prqliferatglat a faster rate.
Degradation rate also increases with higher number of 2,4-D resistant micro biota
present in the soil. This could be the sound reason for the higher dissipation rate

noted at 2.00 and 4.0 kg ha™', under field situation.

The pH of soil at Pidikkaprambu was 5.15, which would have favoured
microbial acﬁvity. Higher rate of detoxification of 2,4-D at pH 5.30 has been
reported (Corbin Upchurch, 1967). The rhicroorganisms involved in herbicide
detoxification includes bacteria, fungi, algae, moulds etc. of which bacteria
predmhinates (Rao,1992). Since both bacteria and fungi predominates under the

above field condition, degradation of 2,4-D at higher rate is possible.

* Residues of 2,4-D estimated in the rice plant was very low even when
épplig:d at 4.00 kg ha’1 (0.40 and 0.70 ppb at 2.00 and 4.00 kgha™ respectively).
Ip the rice grain and straw samples the residues were very much lower than the
maximum residue limits. It is very clear that little translocation of 2,4-D to the

grain occurred even at higher rates of application of 2,4-D.
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5.6.3 Effect of 2,4-D on soil microbial population

As discussed in the section 5.6.2, the major degradation pathway of 2,4-D
is microbiological. In order to see the changes in soil micoflora consequent to the
.application of 2,4-D under field condition, soil blate dilution study was conducted
in the samples taken from diﬂ'efent treatments. Population of both bacteria and
fungi changed considerably with rate of application and time after spraying.
Greater change was observed at 6 days after spraying. Relationship between
change in microbial population over varying rates of application of 2,4-D and at -

varying periods is presented in (Fig.24)

Varﬁng trends in the population of soil bacteria and fungi were obsérvéd
in the plots Whére 2,4-D was applied. The herbicide had a negative effect on the
population of soil bacteria while its influence on fungi was positive (Plate IV).
Maximum count of fungi and minimum count of bacteria coincided at one stage

ie at6 d_ays after spraying_. Explanatiori for this phenomenon is given under.

(i) The vmajor fungal species noticed in the soil was Aspergillus niger.
This can hydroxylate 2,4-D at 2, 4 or 2 and 4 positions to yield the corresponding
hydroxy phenoxy acetic acids (Rao, 1992). Since this organism is adapted to the
herbicidé, proliferation rate will be larger. (i) In the field experiment, rice was
grown under submergea condition and hence d¢m'trifying bacteria may
predominate which transform nitrate io nitrite or nitrogen for. their oxygen
requirement.  The reduction in the bacterial count consequent to 2,4-D

application could be explained on the following basis.



Fig. 24
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Plate IV. Effect of 2,4-D on the growth of soil fungi
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At high concentration of 2,4-D, it could inhibit denitrifiers even though
this is a herbicide of low antimicrobial activity and it has been observed that the -
relative toxicity of 2,4-D to three species was feduced uﬁder aerobic condition
(Audus,1960). This has a practical advantage that herbicide reduéing the numbef

of denitrifying bacteria would provide an additional bonus to weed control.

Favourable influence on Aspergillus noticed in the study has an important
bearing on disease control, i.e. presence of larger number of 4spergillus sp. can

reduce the number of disease causing ﬁingal species of the rice field.

5 Although there was reduction in the bacterial population with increase in
the rate of 2,4-D application, their total population in all the treatments was
higher than that of fungi. It means that both bacteria and fungi have taken part in

the degradation 0f 2,4-D.

Iﬁ general, an equilibrium between the population of bacteria and fungi
prevails in soil. If the population of one organism increases, definitely there will
be a decline in the total number of some other organisrhs. Since the major fungal

“genera observed in the plots were of Aspergillus niger, their population increases-
at a faster rate due to greater ability fc;l' degrading the chemical. This would have
resulted in suppression of bacterial growth. Thus the inhibitory effect on bacteria

was not attributed to the effect of 2,4-D alone. -

Over all, the results of the study indicated the key role of microorganisms

in the degradation of 2,4-D in the rice soils of Kerala. With regard to the safety of



present recommended rate of 2,4-D application in the paddy fields, the study
made it very clear that there is no chance for toxic accumulation of 2,4-D
residues in grain, straw or in the soil and water environments of the wetland

paddy of the state.

Environmental issues may arise if the recommendations are not strictly

followed.
Fate of 2,4-D in the major rice soils of Kerala

From the discussion made so far it could be inferred that the fate of 2,4-D
in rice soils is primarily governed by physical processes such as leaching and run
off, chemical processes like adsorption and microbial processes. Therefore, the
persistence o-f 2,4-D residuesl in soil is a function of physicochemical
cha'racté?istics of the soil, rate of movement of water through the soil and the total
number and type of micro flora present in the soﬂ. The present investigation on
th;e behaviour of 2,4-D in the major rice soils of Kerala indicated that its halflife
is variable from 3.44 days (karumady) to 10.76 days (Moncompu 3). Both
Karumady and Moncompu 2 belongs to the rice growing region, kuttanad.
Extreme variations in the half life of 2,4-D within a particular rice growing
region could ﬁot be explained with a single soil characteristic. Though the soils of |
a particular region resembled in somé of the characteristics, wide variations were
also noticed in certain properties (Fig.16a,16b and 16c). This could be one of the
reasons for the differences _in théir capacity to degrade 2,4.-D. More over,

degradation of 2,4-D is mainly micro biological and the total number of micro-
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flora and the type of micro flora responsible for 2,4-D degradation may vary

considerably and cannot be predicted with great certainty.

Degree of adsorption of 2,4-D in the rice soils showed a variation in the
range of 3.55 (Venkitengu) to 9.02 (Moncompu 3). Differences were noticed in |
the degree of adsorption of 2,4-D among the soils of a particular region which
was also not influenced by soil properties alone. Regarding the movement of 2,4-
D to lower soil layers, it was found that at the present recommended rate of .2,4-D
application viz.1.00 kgha™, in the rice soils 6f Kerala, risk of ground water
contamination is negligible. However, at higher rates of application it has a
poltential for polluting ground water, especially when fhe rate of movement of

water thrbugh the soil column is greater than 0.01 ml min.”

Under field condition, persistence of 2,4-D residues in soil was less than 2
weeks and the crop produce was not contéminated with fhe herbicide at levels
higher than the maximum residue limits. The effect of 2,4-D on soil micro flora
was also temporary (1 month) and therefore it could be concluded that the present
recommendation of 2,4-D (1.00- kg ha™) for weed control in rice is safe to soil

environment, human beings and animals.



Summary ‘



6. SUMMARY AND CONCLUSIONS

An attempt was made to study the behaviour of 2,4-D residues in the soils
of major rice growing areas of the state during 1997-2001 at College of
Hofticulture; Vellanikkara. Major objectives of the study were to work out tﬁe
magnitude of persistence, degradation and movement of 2,4-D in the soils of
major rice growing areas of the state viz., Palakkad, kuttanad and kole lands and
also to monitor the extent of contamination of soil and crop produce with residués
of this herbicide. Three laboratory experiments were conducted to understand the
fate of 2,4-D residues in these rice soils. A field experiment was also conducted
to estimate the rate of dissipation of 2,4-D residues from the rice ecosystem.
Persistence of 2,4-D in rice soit and plant under field condition and the effect of
the herbicide on soil micro flora were also investigated. Major findings of the

study are summarized below.

1. A colorimetric procedure was standardized for the estimation of 2,4-D
residues in soil. Shaking soil sample with acetonitrile: distilled water:
glacial acetic acid (80: 20: 2.5) in the ratio of 1: 4 for a period of 30

min. gave good recovery of 2,4-D from the soils irrespective of the soil

type.

-

N

Persistence of 2,4-D in the soils of three major rice growing regions of
Kerala was estimated at 0.50, 1.00 and 2.00 pg g1 levels of

fortification. The results showed that 2,4-D residues persisted in soil
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for less than 60 days irrespective of the soil type and level of

fortification.

Degradation of 2,4-D in the rice soils under investigation followed first
order rate equation. Half life of the herbicide varied from 3.44 to 10.76
days. Lowest half life was recorded by karumady sample of kuttanad

and the highest value by Moncompu 3 of the same region.

Adsorption of 2,4-D in the major rice soils of the state at different
f.
periods of equilibration and at different levels of application was

estimated. Adsorption of 2,4-D by the soils under study followed

Freundlich isotherm x/m = KC®. Adsorption of 2,4-D in the soil types
studied did not vary considerably.

Magpnitude of adsorption of 2,4-D by the soils increased with

concentration of 2,4-D in solution at all the periods of equilibration.

A column leaching study was conducted with the sixteen soil samples
at three rates of application (1.0, 2.0 and 4.0 kg ha™) of 2,4-D.
Magnitude of downward movement of 2,4-D residue in the soil was

dependent on rate of application, soil type and percolation rate.
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The experiment conducted in the rice field of kole region showed that
2,4-D residues did not persist in soil beyond 30 days after application

even when the rate of application was 4.0 kg ha™

2,4-D residues were not detected in rice plant when applied at 0.50 and
1.0 kg ha™. At higher rates of application viz., 2.0 and 4.0 kg ha™ 2,4-D

content of the plant was at parts per billion levels.

Residues of 2,4-D in the rice grain and straw were below the maximum

residue limits at all the levels of application.

Population of micro flora in rice soil varied wi’gh time after application
of 2,4-D. Though a negative influence of 2,4-D on soil bacteria was
observed in the early period, their population was restoréd by 30 days
after spraying and this period coincided with the persistence of 2,4-D in

the wetland paddy under investigation.

At the present recommended rate of 1.00 kg ha™, application of 2,4-D

has no ill effect on rice and soil environment.
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ABSTRACT

An attempt was made tb assess the behaviour of 2,4-D in the three maj'or
rice soils of Kerala viz., Pa}akkad, kuttanad and kole lands. Three laboratory
experiments were conducted in sixteen soil samples (five each from Palakkad and
kuttanad and six from kole lands) collected from the major rice‘growing regions, so
as to undersfand the persistence, degradation, adsorption and leaching pattern of
2,4-D in these samples. A field experiment was also conducted in kole afea of
Thrissur districf (farmer’s field at pidikkaparambu) for estimating the dissipation

pattern of 2,4-D &om soil and plant unger field condition.

‘In order to estimate 2,4-D residues in soil samples of the laboratory
experiiﬁents, a colorimetric procedure was standardized. . The standardization
process consisted of selection of estimation procedure, standardization of extractantsl‘
and soil extractant ratios ﬁnd clean up method. Among the different extractants
tried, acetonitrile: distilled water: giacial acetic acid (80:20:2.5) in thie soil extractant
ratio of 1:4 was ’ghe best on in terms of recovery of applied 2,4-D from soil. Clean
up of the exctract with chemicals in sequence: NaOH (1N), concentrated HCI,
diethyl ether, sodium hydrogen phosphate buffer, concentrated HCI and carbon
tetrachloride was efﬁcient to remove the co-extractives. Heating the residue with

chromotropic acid in concentrated sulphuric acid at 135 °C for 20 min. was

employed to develop the colour. Absorbance of the coloured extract was measured



at 565 my in a Spectronic 20 spectrophotometer. Eighty to ninety percent of the

applied"2,4-D was recovered from most of the soils under study.

I;ersistence of 2,4-D in the soil sarﬁples was studied by fortifying the
saxnpleéiwith 2,4-D at 0.50, 1.00 and 2.00 pg g' and incubating them under
submer-g'ed condition for varying periods. Residues of 2,4-D in the soil samples
were estimated at 0, 1, 3, 6, 9, 15, 30 and 60 days afer incubation. Haif life of
2,4;D in the soil samples was.worked out by fitting first order kinetic equation of the
form C = Cee™. A variation of 3.44 to 10.76 days was noticed in the half life of
2,4-D in the major rice soils of Kerala. L(;west half life was recorded by Karumudy
sample of the kuttanad region and the highest by Moncompu 3 of the same region.
Extremely high organic carbqn content in combination with partial decomposition of
organic matter m the karumady soil would have favoured the microbial growth and

enzymatic reactions and enhanced the rate of degradation in this soil.

Adsorption of 2,4-D in the three rice soils of Kerala was studied at gthree
different levels of equilibration (2,4 and 6 h) and three levels of 2,4-D (0.5,1.0 and
2.0 ug:g'1 soil). The results indicated that degreé of adsorption increased with |
concentration of 2,4-D in the soil solution i.e. adsdrptioh of 2,4-D in the rice soils
of Kefa_la followed Ffeundlich isotherm of the form x/m =KC". A cqmparison of
the stre:ﬁgth of adsorptio}l of 2,4-D in the soil samples was made by using the
isoytherr:n constant K. It indicated that there was not much variation in the adsorptive
capacity of soils with high and low organic matter contents. This could be attributed

to the difference in the degree of humification of organic matter in the soils studied.



Organic matter present in karumady area is under varying stags of decomposition
and due to the lower degree of humification, the adsorption of 2,4-D on the clay

organic matter complex would not have taken place to a great magnitude.

Leaching and movement of 2,4-D in the rice soils was studied by applying
2,4-D .'to the top of soil columns collected in PVC tubes, directly from the field. The
treatments consisted of 2,4-D @ 1.0; 2.0and 4.0 kgha™.- 2,4—D residues retained in
0-10 cm, 10-20 cm and in the leachate (>20cm) were estimated. The result showed
that major part of the 2,4-D (more than 50% of the applied 2,4-D ) remained in the
0-10 cm depth and less than 36 per cent remained, in thé .10-20 cm éoil layer. Ten
per cent of the applied 2,4-D leached up to a depth of > 20 cm in some soils of kole
region (Che_rpu and Anthikkad) which had higher rates of percolafion of water.
However, no 2-,4-D residue was available in the leachate of any soil at the lowest
level of application of herbicide ie.1.0kg ha'l. 2,4-D residues in drmkmg water at
concentrations greater than 0.000.1 pg I is considered tb be toxic to human beings
and animals. The findings of the study emﬁhasizes the need for restricting the 2,4-D

application to 1.0 kg ha™, particularly in the sandy soils of Kerala.

Studies on the dissipation of 2,4-D from soil and rice plant under field
condition consisted of five treatments viz., 2,4-D @ 0.0, 0.5, 1.0, 2.0 and 4.0 kg ha™.
At the presenf recommended level of 1.0 kg ha™ 2,4-D residues persisted in paddy
field for less than 30 days. Residues of 2;4-D in the soil were not detectable at 60

days even if the rate of application was increased to 4.0 kg ha™.



Effect of 2,4-D on microbial population was studied by soil plate dilution
method. The total number of fungal colonies in the soil samples were highér in‘the‘
treatments which feceived higher quantities of 2,4-D, while the bacterial population
was inhibited at highef rates of 2,4-D application. Major fungal species noticed on
the study was Aspergillus niger. The results of the study revealed the key role of

fungi in the degradation of 2,4-D in the paddy field under investigation.

2,4-D residues in the grain and straw samples were very much lower than the
maximunm residue limits. The findings of the present investigation made it clear that
the present recommendation of 2,4-D at the rate of 1.0 kg ha for weed control in

rice does not cause any adverse effect in the soil or crop produce.



