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INTRODUCTION

The Pesticides Development Programme in lndia was set up in 1981
the following objectives:

(a) To assist the Government in surveying the pesticides demaud and
supply situation in the country so that gaps between deuand and
supply can be detected at an early date and high cost ewergency
acquisition of pesticides eliminated or kept at minimum.

(b) To identify, assess and test local raw materials and fillers for
formulation.

(¢) To recommend the most suitable pesticides.

Planning, co-ordination and promotion of the pesticides industry inm
the country.

Expansion and modernisation of the existing units as well as planning
of new units.

Feasibility of setting up new plants, the required infrastructure and
investment, proper distribution and marketing of products.

Evaluation of proposals to set up pesticides production or formulation
plant.

Develop formulations specifically suitable for local production and use
in the various states. '

Adaptation of imported technclogy, both in the production and formulation
of pesticides, to best suit conditions of the regions concerned.

Assessment of equipment suppliers.

Prepare proposals for the standardization and quality control at plant
or supplier level.

Set up an information and documentation service and disseminate infor-
mation on technology and market.

Manpower and technical skill development by organizing training course/
seminars in the following specific areas:

i) Production of various types of pesticides;

ii Formulation of pesticides;

ii.) Quality control.
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iv) Plant maintenance;

v) Packaging;
vi) Marketing and distribution;

vii) Protection of the environment from the use of pesticides and
monitoring harmful effects and residues.

viii) Application of pesticides.

Assist the Government and Industry in organizing regional Government
Consultations on a coordinated sectoral development effort.

Assist in developing basic data under the Insecticides Act for the
registration of products with the Insecticides Board.

Advise and assist the industry in any of the related issues, especially
toxicity, pollution control and other allied matters, so that pollution
control efforts could be effectively coordinated.

Progress during the first twe years was behind schedule and so a less ambitious
programme was agreed with the following objectives:

1.

To develop new formulations and improve existing formulations specifically
suitable for local production and use.

To identify, assess, test and propose detailed specifications of various
raw materiais such as fillers, solvents and surface active agents avai-
lable in the country for the production of formulationms.

Standardization of quality control and safety methods for the fomulation
industry.

Development of trained manpower for the industry, particularly with
reference to the small scale sector.

Setting up as a part of the institution, a strong documentatiom centre
with library and seminar facilities, including creating a dara bank on
various aspects of pesticide manufacture.




PDPl occupies part of the Central Research and Development complex
of Hindustan Insecticides Limited (HIL) at Gurgaon in Haryana, 25 km
south of Delhi. There are three main buildings, a combined laboratory
and administration building, a laboratory block and a pilot plant building.
All three buildings are shared between PDPI and the HIL Divisions of Ad-
miniscration, Biological Science and Pesticide Synthesis and Process De-
velopment. There is also a small library in the laboratory block, a
separate boiler room for generating steam, and a small greenhouse. The
buildings are set in about 70 acres of land, of which 40-50 acres are
earmarked for an experimental farm.

The Biological Science Divisicn consists of two entomologists with a
small team of laboratory and field workers. They were previously working
under the direction of the PDPI research manager but now report directly
to HIL.

The period of the consultancy was two months, from 28 February to
25 April 1986, and my responsibilities, as stated in the conditions of
employment, were as follows:

The consultant is expected to advise and assist scientists of the
Pesticide Development Programme India (PDPI) on:

- Propdgating weeds and crops of the region in glass houses for
screening;

- Screening of formulations developed in PDPI, on the type of for-
~mulations that could be tested at exploratory level, including
pesticide mixtures for both pre- »nd post-emergency activity;

- Use of standards for comparison;

- Application methods for constant dosages, repeatability and re-
producibility of results;

- Proper documentation of the results for logical comparison.

In addition, the expert is expected to give lectures to the scientists
of PDPI on various aspects of herbicide screening, methodology, mode of
action and different application methods to suit local conditions. Be is
expected to submit a report to UNIDO on his findings and recommendations.

For the purposes of this consulctancy I defined PDPI as the entire
Gurgaon complex because there were no biologists officially acttached to
PDPI. The objectives were not fully attained because there were no
suitable greenhouse facilities or equipment. A start was made on pro-
pogating weeds and crop plants but no formulations were tested. A number
of lectures were given.




{1.THE NEED FOR RIOLOGICAIL. TESTING.

As Rackground.

The emphtasis at PDCPI in the past has been on a technical base for
prcducing formulations. Previous experts have been concerned
with forumulation technology analvsis and the use of scientific
equionert. The PDPI staff are long=term HIL emnloyees and so
their nain expmerience has been with contact insecticides such as
DDT where biological activity is usually considered tc be more
closely related to the physical oroperties of the forrmulation.
Consecuently, there was a need to:

1) demonstrate that formulations had a significant effect on
bioloyical activity.

k) explain the complexities of the biological system and whv
it 1is difficult to predict the effect of formulation changes on
activity.

c) present the state-of-the-art formulation effects on
biological activity.

d) show how climatic conditions influerce the perforrance
of a formulation'and relate this data to the Indian conditions.

E; Lectures.

The relevance of hiological testing to formulation development
was presented in a series of lectures, The first lecture was to
senior executives from the nesticide formulation industry who
were attending a three day concept meeting organised hy PPl
(Annex.1). The main aim of this lecture was to show that
formulations cculd be designed smpecifically for narticular
climatic regions, and that formulators had an important mart to
play in this context. A similar lecture was given at the
Frederick Institute of Plant Protection and Toxiconlogv near
Madras (Annex 5).

A subsequent lecture was given to PDPI staff on nesticide
screening methods with emmhasis on the technical details of the
methods and the importance of good communicatinns between the
biologists and the formulation chemists (Annex 2). This lecture
also dealt briefly with different methods of annlication,
including the use of very low volume eguipment. These lectures
were directed primarily at the chemists who needed to be
convinced that biological testing was necessary. The binlnaists
were already convinced of the need hut w.ll benefit from further
practical training when the facilities are available.




The role of formulation adjuvants on pesticide activity was a
recurring theme during discussions at PDPI and formed part of my lec-
tures at the concept meeting, subsequently expanded to a lecture to the
PDPI scaff (Annex 3). Some of the more theoretical aspects were ex-
panded in a lecture given at Anna University, Madras in their series
"Horizons in Biotechnology' (Annex 6). At the moment PDPI are concentra-
ting on getting the new technology to work, so it is unlikely that they
will move into these more complex areas until they have a specific pro-
blem that requires it. A joint lecture on the effect of chemical
structure on formulations was given with Dr. Van Valkenburg, and this
included some discussion on the role of different formulations on the
salt and ester forms of the same pesticide (e.g. 2,4-D). (Annex 4).

III. NEW PROJECTS

A. Formulation and Testing of Biocides

Professor Kunthala Jayaraman of A. C. College of Technology, Madras,
requires assistance to formulate a protein complex from Bacillus sphaericus,
and has made initial contact with PDPI with a view to contracting them
to undertake the work. The formulation of polypeptides is extremely
difficult and is further complicated in this case by additional physical
properties which are needed to make the active ingredient available to the
target organism, mosquito larvae. Technically this is a very difficult
problem and it should not be considered until some provision is made,
either to accommodate one of Professor Jayraman's staff at PDPI to carry
cur the biclogical testing or to appoint a biologist to the PDPI scaff.
The formulation of biological materials requires a very high input from
biochemically trained scienctists and can only be undertaken successfully
if PDPI arz in . position to utilise all the expertise available to them.
If they are to unuertake this type of work in the future, they should
employ a physiologist/biochemist who can maintain close relations with
laboratories involved with natural products.

B. Basalin Formulation

BASF India have contracred PDPT to reformulate their herbicide
basalin. This herbicide is applied to the soil surface before the rains
start when it is washed into the soild and prevents weed seed germination.
The chemical is lost during the pre-rain period by volatilization and
photodegradation. Work has only just started on this project but there
are no plans to test the formulations fc~ their biological activity at
PDPI.

In conclusion both these projects wouid present considerable technical
difficulties and further strenghening of PDPI with qualified and trained
technical staff with specific responsibilities for individual research
projects is essential.
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3. SETTING UP A BIOLOGICAL TESTING UNIT

If PDPY is to test pesticide formulatiowus for their biological
activity they will need a major investment in facilities and
manpower. The three main types of pesticide, fungiciie,
insecticide and herbicide, will each need a specialist biocloaist
with one of them, preferably the herbticide srecialist, takirg
responsibility for growing all test species. Support staff will
be needed for laboratory and greenhouse work. The technical or
organisational requirements of these support staff require that
each of the three areas of responsibility and the mnlant qrowing
unit should have a graduate assistant.

A. Greenhouses.

Four greenhouses will be needed, one for each type of pesticide
and ~ larger one for growing test pnlants. The greenhouses for
insecticides and fungicides should be compartmentalised to
prevent the spread of test organisms. Greenhouses were visited
at the Quarantine Department of Public Health, Delhi and at
ICRISAT (Hyderabad). Further enquiries will be undertaken unon
my return to the UK. Discussinns at these two greenhouse sites
included shading and methods of cooling and I am informed that
unshaded greenhouses at ICRISAT require one Braemar cooler for
every 400 square feet of floor space. The Australian quarantine
greenhouses near Delhi were shaded to reduce internal
temperatures but the light intensity was also mich reduced. At
Gurgaon, Dr. Ramdev took measurements of temperature, humidity
and ‘PAL 1light intensity (photosynthesis active licht) in the
greenhouse compartments and outside in full sun and in the shade
using instruments I brought with me from the UK. The
measurements were taken at hourly intervals on a cloudy day and a
sunny day and revealed very large variatinns in different narts
of the greenhouse caused by poor design.

B. Growth rooms

Stocks of insects and pathogens will need to be maintained at the
Gurgaon site for infecting plants prior to spraying with
pesticides. These rooms will need accurate temperature and
humidity control and a reliable electrical supply 24 hours ner
cay. Currently, insects are reared in a laboratory and there is
no nower on the site from 5 nm to 9 am. A smaller controlled
environment room is needed to stock weed and crop seeds. A
shelter for premaring soil, filling pots, seeding etc. will also
be required.




C. Plant orovogation.

Seeds were collected from Argemone Mexicana, Tribulus terrestris
and Asphodelus tenuifolius plants growing at the PDPI station.
Further seeds will be collected by the binlogists in bprenaration
for future herbicide trials. It is significant that, as far as I
know, none of these weeds are included in the herbiczide screens
of any multinational agrochemical company. Perennial weeds are
far more difficult to control than annual weeds because effective
control requires a detailed understanding of their nhvsislogv and
morphology, Cyperus rotundus plants were dug up to show the
relationship between the rhizome and the underground tuberu
(swoller nodes), and to demcnstrate the depth at which they can
occur in dry soil. Cynodon dactvlon was also collected as a
contrast tc Cyperus becavse in this species any node on the
rhizome is potentially viable. The rhizome was cut into one, two
and three ncde lengths and planted in mots, other wonieces of
rhizome were planted in soil. At the end of four weeks the two
and three node pieces were growing well and the one node pieces
were either smrouting or were well established. However, the rhizome
planted in vots grew less rapidly than those in the same soil in
open ground, and 20 Citrus seeds sown in nots produced only a
single plant. Work will need to be done to improve the motting
characteristics of the Gurgaon soil and a sample of crushed rock
phosphate was obtained from Project DP/IND/81/019 (Investigations
to use low-grade phosphate from Mussoorie deposit) to assess its
value as a compost additive. Lack of suitable working conditions
prevented detailed work on development of a potting soil, but
this must be a first rriority when a areenhouse and notting
shelter are available. There will also be a need for nwnlastic
plant nots as the available earthenwvare nots retain tno manv
pesticide residues and are too variable in their shape, size and
physical properties.

D. Snray equioment and minor items.

Formulations should be designed to takXe advantage of the
equipment that will be used for avplication. For example, drift
spraying using spinning disc applicators oerforms best with non-
drying formulations because the small droplets have such a high
surface area to volume ratin. A wide range of soray equinmnent is
essential so that trials can relate to all oossible farmer
anolication methods., Equinment should include conventinnal
nressure and knansack sprayers with a gond range of Jets
including very low volume jets such as the Coomer Pegler VLV
series and a selection of Micron controlled dronlet apnnlicators
(CDA) using spinning disk technology. CDA annlicaters are
beconing increasingly important in many trooical and sub-tronical
regqinns because they require less water and enable workers to
treat much larger areas within the same time scale. A track
snrayer is the most expensive item but is essential for the
accurate apmnolication of lage numbers of forrmulatinns to wplants
growing in pots. A Mardrive nressure J3:iiven system is one of the
best available and requires very little maintenance.
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There are many other small items of equipment required for trials
work that are not available at the PDPI site at Gurgaon, such as
a small cultivator and a range of hand tools. At the moment trial
plots are lacrgely prepared by hand but this 1s not a safe
practice if the soil has been treated with pesticides and is far
toco slow for large scale trials. Simple soil steriltising
equipment will be required (the existina steam generater could be
used for this purpose), together with a large volume soil mixer
for prevaring potting compost.

All trials data should be conputerised from the verv beginning
and the selected hardware and software should be canakle of
future expansion to avoid later changes and re-innut. Simnle
temperature and humidity recording equipment should be installed
in all the greenhouses as part of the quality con*rol nrocedure,
and more accurate measuring equipment, including light intensity,
should be available for experimental purposes.

E. Library facilities.

The library accommcdation is adequate but the range of books and
journals is not. Indian journals are consnicuous by their
absence but are essential reading for information on national
pest problems. Reconmended additions are:

Indian Journal of Entomology
Indian Journal of Weed Science
Indian Journal of Phvtomatholngy
Indian Journal of Snil Science
Indian Journal of Agricultural Science
Indian Farming
More reference books are also required, especially for the

biologists. The library should be air conditioned and available
to staff throughout the normal working dav.

F. Relations with other Institutes.

There are no strong contacts between PDPI and other organizations
involved with nesticides. This will become important when PDPI
enters the field of biolngical testing because they have no long
term experience in this area. The most obvious local institute
is the Indian Agricultural Research Institute which is already
running field trials on formulations in a highly professional
manner. They are also involved in pesticide formulation and have
exoressed an interest in attending PDPI lectures. Closer liason
with this and other institutes of the Indian Council of




Agricultural Research 1is essential if PDPI wishes to occuny a
leading position in the pesticide industry. It should also be
closely involved with the All India Co-ordinated Prcjected
programmes.

Contacts with other institutes should include centres
representative of different climatic regions so that local trials
can be organised more conveniently and local problems brought to
PDPI's attention. Institutes concerned with specific crops are
important as possible testing agencies for new products and for
highlighting potential problems before they become epidemics, and
contact with ICRISAT at Hyderabad could lead to international
contracts, especially in India. If the formulatiion of natural
products is to be a recurring feature of PDPI activities then
closer relations with the Regional Research Laboratorv, Hyderabad
would be an advantage.

Many of the problems inherant in the Gurgaon site, such as
unsuitable climate for fungal diseases and many insect pests,
could be minimisel by 1liason with a south Indian research
station. The Frederick Institute would in many ways be an ideal
candidate for this because they have very strong biological and
toxicological sections but a very weak formulation section, the
exact opposite to PDPI. They have already established a
reputation with the pesticide industry and have set up formal
relations with the University of Madras help them establish a
strong research team.

G. Manpower.

PDPI is undermanned. There are currently only 14 of the proposed
35 nlanned staff on the oroject, covering every asnect of
formulation from research into new types of formulations to nilot
plant production. Analysis of clay materials is taking one team
which will diversify into colloid science later this year. With
only one formulation team it is not even possible to work on two
problems at the same time. This means that there 1is little
potential for producing enough formulations to keep three
biological teams busy, and yet it is not feasible to trv to
combine any two of the three pest discipline because the training
is so complex. Any compromise on this mnoint will 1lead to
inefficiency or a strong nussibility of qgenerating unreliable
data. The alternative 1is to form a working alliance with an
institute, such as the Frederick Institute in ifadras, which has a
strong bioclogical group but a very weak formulation tenin, This
may not be ideal from the formulation chemists point of view but
it may be the only possible way of obtaining binlngical data. 1
can see that the only way Pronfessor Jayaraman will get her
bincide formulations tested will be to have them sent to her own
laboratory in Madras.

The main problem in having the biological testing carried out off
site, is that there w~ill be a tendency for the chemists to revert
to not testing formulations for biological effectiveness. It




must be stressed that PDPI are omerating with totally inadeauate
manpower levels in relation to the breadth nf their
responsibilities. :

4. FUTURE DEVELOPMENT

A. The position of PDPI in the Indian agrochemical environment.

There is some confusion regarding the role of PDPI and the way it
can achieve its objectives. The original objectives made PDPI in
many ways a government advisory service with research and
teaching responsibilities. When the objectives were re-drawn
three important objectives were omitted:

1 (a). To assist Government in surveying the pesticides
demand and supply situation in the country so that gaps between
demand and supply cnuld be detected at an early stage and high
cost emergency acquisition of pesticides eliminated or kent at a
ninimum.

1 (¢). To recommend the most suitable pmesticides.

2. Planning, <oordination and promotion of the pesticides
industry in the country.

This left PDPI with responsibility for developing formulation
expertise and for training the agrochemical industry in
formulation techniques. Training and research are the
traditinonal roles of research institutes and universities, who
are financed for that purpose, but PDPI are now develooing a
strategqy which should provide a valuble service for the Indian
agrochemical industry:

1. Training courses have been organised and will continue.

2. Intensive 'in house' training will be develoned when
facilities are available.

3. Contract research on specific problems will be undertaken
for individual companies. This will 1include fornmulating
pesticides and the analysis of formulation raw materials.,.

This increased commercialisation of the services offered by PDPI
will require changes in its management structure:

1. It will need to give a confidential service to customers
and therefore must be partially indemendent of HIL.

2. Financial 1independence is essential for its dav-to—day
running expences.,

3. Its research potential will need to be strengthened.
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B. Operational indemendence

This 1is essential from the point of view of PDPI and nore
especially its custoners. HIL is perceived as a competitcr of the
companies who will be bringing research projects to PDPI. They
will need to be assured that the research results, or even
details of the research prooosal, will nct be made available to
HIL. At the moment payments for PDPI training courses are marde to
HIL, which qives the impression that PDPI is only the research
denartment of HIL,and that confidentiality is not nossible. PDPI
management also need to make their ovn decisicns within the
guidelines set up by their governing body but without having to
obtain approval from HIL. For this they need some deqree cof
financial independence.
C. Financial structure

With the loss of the three objectives originally pronosed by the
Indian Government, PDPI 1lost 1its role as adviser to the
Govermment and was relegated to providing a service for the
agrochemical industry only. Under these circumstances it is
unrealistic to expect full Government support for all future
activities. HIL also cannot be exvected to finance PDPI
activities which are intended to improve the formulating skills
and efficiency of its competitors. It is clear that alternative
funding is essential to give PDPI some level of indenendence from
HIL and to assist its long term development. The current propocsal
is to charge customers for services rendered, but this can lead
to problens which in the 1long term will reduce PDPI's
contribution to the development of the Indian agrochemical
industry. The major problem 1is that any organisation that
undertakes contract research must give priority to the financial
return. High paying contracts will receive priority, irrespective
of technical or scientific merit. Inevitakly, any organisation
servicing the individual components of an industry will lose 1its
leadership rcle. It will Aalso become aprmarent that advanced
training will lnse PDPI its research customers because they will
then be able to carry out the research themselves. Under these
circumstances training may well be seen to be the resmonsibility
of universities.

If PDPI is to nlav afull role in the long term development of the
Indian pesticide industry it should be funded centrally and qgiven
the clear renit of serving the industry as a whole. In the short
term it may have to undertake contract research in order to prove
its value to the industry.

. D. Research develnmnent

In order tn continue to develon as a centre of excellence after
UNDP sunmort ends, PDPI must establish a strong research momentum
and for this a small group of Post Graduate research students is
essential. It should be mossible for PDPI to achieve this by
affiliating with a suitable university (the Frederick Institute
has affiliated with the University of Madras).




The location of the Gurgaon site means that transport is essential
so that students can get to the library facilities at their educational -
base {the affiliated institute). The site services will also need .o be
improved as students frequently need to keep some experiments running .
overnight.

V. CONCLUSIONS

There are important decisions to be made on the future development of
PDPI, in particular, what is expected of PDPI? It is well set up to carry
out contract research for agrochemical companies and to give basic training
courses in formulation technology but this will not necessarily provide it
with the resources or incentive to lead the Indian agrochemical industry
to greater technical achievements. To do this effectively, some form of
central funding from Government or the Indian Agrochemical Association is
essential.

VI. RECOMMENDATIONS

1. Careful consideration should be given to the implications of biological
testing within PDPI, with particular reference to the long-term manpower re-
quirements. Collaboration with other institutes such as the Indian Agricul-
tural Research Institute or the Frederick Institute may be more cost effec-
tive.

2. Consideration should be given to the detailed long-term development
of PDPI including a formal liaison with other institutes or centres of
post-graduate training.

3. If PDPI is to obtain contracts from other pesticide companies, it must
be seen to be an independent setup. It is clearly not possible for PDPI to
achieve complete independence without major changes in management structure,
manpower and legal status which are unlikely to be achieved within the
period of the two year extension,

4. Detailed discussions should be held in New De 1. during che next year
on the long-term role of PDPI with particular reference to how it will be
funded and how its technical expertise can be most effectively applied to
the development of the Indian Agrochemical Industry. -
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S. If it is agqreed that PDPI should set set up its own hinlngical
testing facilities, the following eguipment will be reauired:

3 Greenhnuses with benches ard coolers etc.
) 1 Mardrive track soraver
3 Birkmier stainless steel pressure sonravers

5 Cooper-Pegler knapsack smrayers with accessories and
jets including the VLV range

5 Micron herbi CDA apnlicatcrs

5 Micron Ulva CDA amnplicators
10,000 Plastic mots, various sizes
500 Plastic trays

1 Tov man balance

1 Soil mixer

1 large capacity scales

Biological books and journals

1 Ferranti PC AT computer

1 Skye instruments PAL meter

1 Kane-May 8004 temperature and humidity meter

4 Casella temerature and humidity recorders
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ANNEX 1

BIOLCGICAL ACTIVITY AND FORMULATION CHEMISTRY.

To the farmer, a westicide is not 2 chemical, it is a bislagical
effect. The role of the formulation is to ensure that the ontimum
biological effect 1is avaiiable to the farmer in a way that Iis
safe, convenient and cost effective. All too often, however, the
emphasis on formulation design is on nhysicial and chemical
stability and convenience, with relatively little attentinn given
to ootimising the biological activity.

Getting the pesticide onto the leaf or soil! surface may be all
that 1is required of an insecticide or a fungicide, subsequent
action being determined by the ar-ival of an insect eating or
walking over the leaf or fungal spores germinating on it, but the
formulation may also improve the binlogical effect by assisting
the active ingredient to penetrate into the target organism or
may enable the pesticide to accumulate in nlant tissues where it
is more accessible to the organism. Penetration into the nlant is
clearly essential for pests and diseases which o©ccumny internal
tissues, but it is also important for leaf surface insects, such
as aphids, feeding on internal tissues (phloem), or fungal
pathogens, such as powdery mildew, sending haustoria into
epidermal cells. Any herbicide or plant growth regulator must
nenetrate at least as far as the nhotosynthetic tissues if it is
to have any effect, and this 1is true also of svystemic
insecticides amd fungicides which rely on translecation in the
plant for their full effect (Fig.l).

Each stage in the process from formulation to accumulation at the
site o©f action is dependent on what hapnens at the nreceeding
stages, for example, a poor formulation may precipitate when
diluted for spraying. and therefore will not arrive at the leaf or
soil surface in a suitable form. Similarly, if untakXe into the
plant is opoor then there 1is less chemical available for
translocation.

To what extent can formulation adjuvants improve the activity of
a pesticide ? There are numerous cases described in the
literature showing that formulation adjuvants can more than
double the apmarent activity of pnesticides, buvt the snecific way
in which this is accomplished is seldom annmarent. Surfactants,
for examnle, were originally added to fnrmulations to assist
retention of snray deposits by leaves, but there is now =2
cnnsiderable amount of data showing that thev also immrove untake
(Table 1).
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TABLE 1

THE UPTARE OF GIBBERELLIC ACID INTO GREEN NAVEL CRANGES

Standard formulation (no surfactant) 12¢
C.1% surfactant formulatisn 68%
FIGURE 1

THE PATHWAYS OF PESTICIDE UPTAKE
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The way in which surfactants assist untake 1is not fully
understood but it is probakle that both surfactants amd solvents
influence nenetration by modifying the nhysical nroperties nf the
pesticide deposits on the leaf surface and the mermeability of
the cuticle itself.

It 1is generally acceoted that commounds cress the cuticle hv
diffusion. The rate of diffusion is inverselv provcrtisnal t»
nolecular radius, which means that large mclecules or molecular
agregates are not able to cross the cuticle 1in significant
quantities. Under some circumstances surfactants increase uptake
by retaining water in the snray deposit and nreventing 7t from
drying out. When this haprens a high concentration nf solute is
maintained in the depmosit and untake is prolonged, possibly for a
period of days. It has also been shown that pesticides apnlied as
solution-particulate mir*~ures can wpenetrate the cuticle in
quantities greater than the dissolved mart alone. The exnlanatinn
for this 1is that the solid phase of the active ingredient
continues to dissolve after the solubilised fraction has
penetrated, increasing the quantity of vesticide availacle for
untake. For example, the ubptake of ethirimol from a suswvension
concentrate was three times greater than from a saturated
solution and c-ou.tinued for several days after untake from the
solution had stopped, clear evidence that ethirimol in the solid
state had entered solution and contributed to the total uptake.
This aspect of pesticide uptake can be manipulated by careful
selection of formulation adjuvants. For instance, the inclusion
of an humectant or an high HLB surfactant will help the retention
of water so that sufficient mobile phase is available for solid
particles of a npesticide to continue to enter soluticn and
diffuse into the cuticle.

The transmort of solutes across the cuticle is at 1least wnartly
determined by the physical oromerties of the solute, but the
relationship between martiticn, for example, and untake may ke
different for different plant species (Table 2).
TABLE 2
THE UPTAKE OF 2,4-D SALT AND ESTER

FROM THE SAME FORMULATION INTO FOUR WEED SPECIES

Compund Xanthium Amaranthus Cyverus Ipomoea
2,4-D SALT 81 73 34 38
2,4-D ESTER 60 78 59 60

(Figures are percentage untake after 24h into Xanthium
pennsylvanicum, Amaranthus retroflexus, Cyperus rotundus and
Ipomoea leari, all growing under field conditions in Smain. The
approximate Log.Partition (octanol) for 2,4-D ester is 5.7 ard
for the sodium salt -1.4).
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The reason for the differences in uptake are not well unders:tood
but they may reflect differences in the structure and compositicn
of the cuticle of the different species (Figure 2). The main
structure of all wplant cuticles consists of cutin, a three
dimensional coerplex of cross linked hydroxy-fatty acids.
Cuticular wax is embedded within the cutir, and enicuticular wax
forms a layer on the surface. Hydroohylic pectins and cellulnse
underly and penetrate the cuticle, creating a gradient of
polarity extending from the epicuticular wax on the outside, to
the cuticle - wall boundary at the inside. The vermeability nf
pesticdes with different nhysical proverties will be controlled
by the composition and relative oroportions of cutin, waxes and
polar components in the cuticle, but the exact nature of the
interaction is not understood.

FIGURE 2

CUTICLE STRUCTURE

Enicuticular wax

Cuticle wax

‘Cutin

Wall polysaccharides ' ..lj":

Cell membrane o S

The cuticle-pesticide interaction is further complicated bv the
impact of the formulation adjuvants on the structure of the
cuticle. Surfactants and solvents are known to cross the cuticle
and it is probable that they dissolve, redistribute or otherwise
modify the cuticle components when they do so, producing complex
effects on nesticide uptake that may be snecies spnecific. The
data given in Table 3 illustrates a possible case where
sur factants are modifying the transmort of substances across the
cuticle. The response of the three smecies to the surfactants is
quite different, which suggests that the surfactants are exerting
their effect within the cuticles, which have different structures
and compositions, . and not within the spray deposits on the
cuticle surfaces which are determined largely by the ambient
environmental conditinns and are therefore reasonably uniform for
all the species.




TABLE 3

THE UPTAKE OF ETHIRIMOL INTO THE LEAVES OF THREE PLANT SPECIES

Sur factant Ipvonoea sp. Cotton Orange
SYNPERONIC A2 48 33 18

" A7 51 32 22

" A20 53 36 28

" NP8 31 15 4
AEROSOL OT 44 18 3

The full ccmplexity of the impact of adjuvants on nesticide
uptake is seen when formulations are used on the same species in
different countries (Table 4). The reduced untake of ethirimol
under the notter, dryer conditions of Australia can he exnlained
as resulting from the more rapid and complete drying of the spray
deposit. The improved uptake of permethrin may be because it is
closer to its melting point and the melting point of the cuticle
waxes.

TARPLE 4

THE UPTAKE OF ETHIRIMOL AND PERMETHRIN INTO ORANGE LEAVES

UNDER DIFFERENT CLIMATIC CONDITIONS

Compound Smain Rustralia
ETHIRIMOL 20 9
PERMETHRIN 16 32

The important conclusion from these data 1is that the same
formulation will perform with different efficiencies in different
environments, a strong argument for formulating the vesticide for
the region in which it will be apnlied. An additional advantaae
of 1lncal formulation is that local nest nroblems can be included
in formulation efficacy trials.
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The costs of mesticide active ingredients are high relative to
the costs of formulation aajuvants, so fornulations that increase
the biological activity of the active ingredient mav reduce the
nrice of the product and bring it within the reach of the farmer.
There are also increasing demands that for envircnmental reasons
the quantities of chemical snread over farminc land should be
limited, which again means that the aim must be to cbtain the
maximum biological activity from the minimum chemical. This will
provide the next major challenge to formulation chemists and
require careful biological assessment of formulations ard qreater
understanding of the vhysico-chemical marameters which contrnl
bislogical effectiveness.




TESTING FOR BIOLOGICAL ACTIVITY

All formulations need tc be tested for their biological activitv
before thev are oput into the market, hecause to the farmer,
bioslogical activity is what he is paying for when he btuys the
product. Physical ovroperties such as emulsion stability,
dispersibility etc are a part of bYbiological activity because
poor vphysical procerties ultimately lead to wmoor biological
performance but qood physical rroperties do not necessarily mean
good perfcrmance. There are very few reliable ground rules for
predicting biological performance which means thet biological
testing must be an integral mart of formulation development in
order to obtain a suitble combination of physical properties and
bislogical activity.

In biological terms, the least complicated type of pesticide to
formulate are those which exert their effect on the surface of
the plant. For solid fungicides such =&s sulphur or
dichloronaphthoquinone the critical parameter is small particle
size and even distribution over the surface. Similarly, the
ligquid pyrethroid insecticides are formulated as emulsifiable
concentrates which are again intended to present a good surface
cover. Parts of the leaf which are not covered may be suscentible
te attack, for instance, vyrethroid insecticides sprayed by
conventional equipment onto cotton, give little protection
against white fly because spray drooblets land mainly on the unner
surface of the leaves while the insects 1live on the lower
sur face. If the same pyrethroid insecticide 1is sprayed bhv
Electrodyn equipment each droplet receives an electric charge
which attracts it to the leaf surface, including the 1laower
surface, so killing the white fly.

Protecting the whole plant is a major difficulty when apmplying
contact pesticides, whether it is covering lower surfaces of
leaves, or parts of the plant covered by upperleaves or even
protecting leaves which have develoved subsequent to the
application of pesticide. Manv of these nroblems can be avoided
by the use of more sophisticated svstemic nesticides. A systenic
pesticide enters the nlant and moves in the tissue, possibly
protecting the lower surface of leaves (translaminar activity),
and usually moving with the transpiration water in the xvlem in
an upward direction. Chemicals such as tenlate and pirimicarb
are taken up through roots or the lower parts of the stem and
translocated to all above ~qround parts of the plant.

The formulation of systemic compounds is far more difficult than
contact pesticides because their bhiclngical activity demends on
their ability to nenetrate into olants. This is even more true
of herbicides and plant growth regulators which have no activity
at all on the nlant surface. A formulation which doubled untake




would doutcle activityv. Formulation adjuvants can have a bhinq
effect on the upntake of a nmesticide but there 1is, so far, no
reliable guide for the selection of the ideal adjuvant for a
particular situation. It is known, however, that the selection
of adjuvants for ontimum uptake will demend on the plant snecies,
the active ingredient, and the climatic conditions.

The most reliable way to select the adjuvants qiving ontimun
activity is to nrepare a relativelv large number of formulations
and to test each one for binlogical activity. The tests must be
carried out rapidly so that the results can be incorporated@ into
the next formulations. This requires a clnse interaction between
the formulation chemists and biolcgists.

Biclogical tests fall into three broad categories:

1. Greenhouse
2. Plot
3. Field

Greenhouse Tests

Greenhouse tests are the first to be carried out and nrovide most
of the data. The plants are grown in mots containing a uniform
soil type. Climatic conditions in the greenhouse are maintained
as uniform as possible and adjusted to suit the nest, disease or
plant svecies under test. The olant pots should be non-porous
and the soil modified by the addition of sand and organic
material to give good aeration and drainaqge. Chemical
anmnlication can be very uniform under these conditions either
using hand sprayers or, preferably, a track snrayer.

Plot Trials

Selected formulations are taken from the greenhouse into small
plots 2 x 6 m under field conditions. This has the advantaqge
that the plants are growing more naturally and soil effects can
be taken into account. Croo nlants can he realisticallv grown to
vield. The main disadvantages are seasonal and regional effects.
The nlants should be grown under natural conditions, if mossible,
and at cthe correct time of year. This limits the opnortunity for
trials espvecially in parts of India with marked seasonal
differences in temperature. There are alsc oroblems in
establishing adequate levels of nest or disease. Trials on soil
applied residual herbicides are nreferably tested, at this stage,
under high rainfall, tropical conditions where 1leaching and
metabolism are relatively ranidi. Subseguent tests should include
all proposed user conditions.




Field Trials

The final tests are those relating to farmer use where the
formulation will be tested by farmers in collaboration with
scientists to assess the imnact of local conditions and farming
practice on the effectiveness of the onroduct.

One of the most important benefits from farmer trials 1is that
biologists who relate to the formulation chemists actually see
how the farmer uses the product on trial. Some of the onroblens
may be local, for instance water auality can affect the nroduct
unless svecial modifications are made to the formulation, but
close contact with farmers may also reveal emerdging problems such
as new pests or changes in apnlication methods: an example of
the latter is the increasing use of very low volume equipment for
applying pesticides in Africa and South East Asia. Reducing the
volume of spray solution from 400 litres/ha to less than 50
litres/ha has transformed the ecoalomics of vesticide use but it
also means that new formulations of old products need to be
prepared and tested for their biolcgical efficacv.

Conclusion

The key to success in any trials programme lies in the personal
interactions between the people concerned and the two = way
transmission of the data and 1ideas between the formulation
chemist at one end, and the farmer at the other, with the
biologists and physiologists in the middle. This two- wav
communication helps to ensure that ideas are constantlv fed into
the formulation development process, but it also means that close
working relations are established with the users, ensuring that
their requirements are not overlooked in the auest for the
"perfect” formulation. A further bonus .n this orocess is that
nroblems 1in pest or disease control emcountered by farmers are
fed back to the laboratory so that new active ingredients can be
introduced to counter nroblems before they become eoidemics.

The most critical stage for a pesticide manufacturing or
formulating organism is the greenhouse testing because this is
the period of intensive development work with new formulations
being produced, tested for stability, storage and bhiolongical
activity, B lot of data is generated at this staqge which can be
used to build un exnerience and understanding of the role of
formulation adjuvants so that short cuts can be tried with the
next comnound. Background physinlogical research can help this
nrocess by rationalising the observations and bio-activity data.
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Appendix - Low Volume Soraving

One of the major constraints to pesticide annlication bv small
farmers is tne quantity of water required. This water mav have
to be carried tc the field and then carried around the field in
heavy knansack snrayers. This usually reauires one laYrurer to
serve the water needs for two snrayers in the field. Time 1is
also lost filling the spray tanks, a 15 1litr= conventional
snrayer neeas to be filled 27 times to amnly 400 litres (ner
hectare) whereas a 5 litre ULV snrayer would only need 2 filliras
to apply 40 litres. The extreme is with ULV drift spraying when
cne or two fillings onlv would be needed to smray S litres over a
hectare.

The effectiveness of low volume spraying is based on the number
of droplets generated. Most of the equipment uses swminning disc
applicators which generate a very even sized dronlet spectrum
lacking the very large or very small droonlets included in the
spectrum of conventicnal smrayers. In the case ©of insecticides,
in particular, the size can be reduced to give much more even
cover resulting in considerable imnrovements in activitv, X 2
being tywnical for insecticides. The biological advantages for
herbticide application hy ULV are much less clear but thke economic
advantages remain.

There are some 1interesting implications for the formulation
chenist when conventional formulations are used at ULV rates. If
a formulation has been designed so that the final surfactant
concentration in 400 litres is 0.05%, then in 40 litres it will
be 0.5%, and at 4 litres (ULV rate for drift annlicatinn of
insecticides) it will be 5%. Also when soraying at very 1nw
volumes it 1is mossible to consider remlacing the conventional
formulations which are designed to he diluted with water with
special non-dilutable formulations. For examnle, nermethrin
could be formulated as a solutinn in an organic solvent instead
of an emulsifiable concentrate.

The technical requirements of ULV formulations may be more
stringent for flowables which typically clog the sninning disc,
but it is possible that in the absence of any need to add water
more susnensions could bhe renlaced with oraanic solvent
solutions,




ANNEX 3

ADJUVANTS AND PESTICIDE UPTAKE

1 SURFACE EVENTS

It 1is gGenerally accented that nesticides cross the cuticle to
enter nlant tissue bv diffusion. Ficks First Law states that the
flux (J) of solute is dependent on the permeabilitv ccefficient
(p) and the difference in concentration.

J =P (Co - Ci)

Where Co and Ci are the concentrations on the cutile surface and
in the wall beneath the cutile resnectively (Fiqg. 1) Flux (J) has
the parameters of quantity of chemical, per unit area, per unit
time, e.g. moles ver square cm ner second.

Cuticle

Ci
tiall

The uptake process can be considered from the woint of view of
the three compnoents of the equation, Co the external
concentration, Ci the internal concentration and P the
permeability characteristics of the cuticle. This remnort is
concerned with the events within the droplet itself and factors
which influence the external concentration cf solutes (Co).

From the moment the spray droplets leave the sorav jet thev are
losing water., The rate of water loss is determined by the water
potential difference between the droolets (qfd) and the
surrounding air (Y%). The air adjacent to the snray denosit may
becone saturated verv ranidly so the rate of drving 1is largelv
controlled by the rate of movement of water from “he saturated to
the ambient air layers. Movement of air by wind or convection
will reduce the thickness of the saturated laver and qreatly
increase the rate of drying. The behavinur of formulation
components within the droplet are influenced by the rate of
drving and by the ambient humidity.
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As water is lost from the droplet, the concentration of solutes

will increase. In the simnlest case of a single sclute in water,

the concentration of the solute will continue to increase until
the saturation pmoint is reached, at which stage the comnound will

begin to precipitate. If the solute has significant solubility
in water it will reduce the water potential of the solution by an
amount proportional to its concentration. In this wav, solutes,

such as polar pesticides, humectants and high HLB surfactants,

can greatly extend the period of drying (Fig. 2)

Figure 2

THEORETICAL CHANGES IN WATER CONTENT AND SOLUTE CONCENTRATION

IN A SPRAY DEPOSIT DURING DRYING
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Under conditions of high humidity, some solutes may achieve
equilibrium when there 1is a significant quantity of solvent
remaining in the spray deposit (Fig 3). For exanple, many
surfactants are able to retain their own weight of water at 100%
ambient humudity. Such a high 1level of humidity 1is not
unrealistic on the surface of a transpiring leaf within the cron
canopyv. Even if the denosit does dry out during the day, it is
possible for it to take up water during the evening when humidity
is much higher. In some situations the demosits mav act as
condensation nuclei for dew formation, leading tn rewetting and
possibly re-~distribution of the snray deposit residues.

The rate of drying can be maninulated by formulation adjuvants,
for example, adding a humectant or high HI.R surfactant will slow
the rate of drying and retain more water at eqguilibrium. This
can directly affect the untake of the nesticide into the plant,
because total uptake includes the varameters of time and area of
contact, as well as rate of movement.




Figure 3

THE BQUILIBRIUM PHASE IN SPRAY DEPOSITS CONTAINING
HYGROSCOPIC SOLUTES
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Figure 4

THE UPTAKE OF GIBERELLIC ACID INTO WHEAT LEAVES

o ras:

Fast uptake

Slow untake

Time
A = Aerosol OT formulation
B = Aerosol OT + sucrose formulation.

High humectant formulations have two notential effects on untake,
because they reduce the rate of water lnss and hold more water at
equilibrium, they may keen the active ingredient at a lower
concentration and therefore result in slower untake (B in fiqure
4). They also retain water for a much longer time and this can
result in a longer perind of untake eventually giving higher
total uptake (Fig. 4) In hot dry conditions, humectant effects
can improve untake, but the slower rate of penetration is a
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disadvantage 1if there is rain because deposits remaining on the
leaf are easily washed off.

Solid phase pesticide may be nresent in the spray solution, ¢.qg.
atrazine, or may form during droplet drying when the
concentration exceeds the maximum solubility. Untake fromn a
solution containing a orecinitate demerds on the interaction
between the precipitate and the sclvent complex. I1f there is no
interaction, 1i.e. the precinitate does not dissolve at 211, then
uptake 1is limited to the quantity of nesticide remaining in the
solution. If the solute lost by diffusion into the cuticle is
renlaced by re-solution c¢f the solid phase comnonent then it
beccnes much more important to extend the veriod of drving in
order to nrovide a mobile nhase for solubilisation and
untake. During this stage of untake the flux of solute from the
precipitate to the solution (J2) becomes the rate liniting flux
for uptake into the cuticle (Fig.5)

Fiqure S

TRANSPORT FRCM PRECIPITATE TO SOLUTION TO CUTICLE
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Sl = rate of dissolution of the chemical

Pl rate of movement from the chemical solid-solution interface

to the solution-cuticle interface

Cs = concentration of solute at the solid-solutinn interface

Dd = diffusion coefficient of the solute in the soray denosit.

Dd is not a constant parameter; it will vary with changes 1in
temperature and viscosity of the solution Aand will therefore
change as the comnosition of the denosit changes. This asnect
can be manipulated by the selection of surfactants, solvents and
humectants but the measurement of the nhysical nroperties of
these 30lutions is difficult because the important chamnges take
place when the deposits are almost dry and therefore very
viscous.




The rate of solution of solid material is controlled by the
physical wproperties of the nesticide e.g. water solubility and
energy of crystallization, by the nhysical orcperties of the
particle e.g. size and shape, and by the nromerties of the
solvent. The properties of the solvent can be inherent to the
solvent or contributed by other solutes. Inherent nroverties are
concerned only with the solvent e.g. its viscosity and ability to
dissolve the active ingredient, and can be changed by changing
the sclvent e.g. using an organic solvent instead of water in ULV
formulations. The inherent properties of organic solvents are
very important for the uptake of lipophvlic compounds because
they provide a mobile phase between the vrecinitate and the leaf
sur face. There is no equilibrium phase for these sonlvents,
however, and once a solvent is lost by evaroration it cannot be
replaced. Alternatively a non-drying solvent will give long term
uptake but the active 1ingredien* concentration may remain
relatively low and the solvent may be lost from the surface by
partitioning into the cuticle.

Contributed solvent vropverties are far more comnlex and amenable
to change because they are produced by other components in ttre
formulation. Surfactants are especially important ir this
respect because they are known to increase the solubility of
organic components in water and can control the viscosity of the
solution, and even its water content. Humectants and salts will
also control the water content of the deposit amd may modify the
rate of precipitation of the active ingredient during the period
of water loss.

The bpresence of solid particles in the spray deposit introduces
heterogeneity in the distribution of the formulation components
which becomes increasingly critical as water is lost from the
depnsit. Particles in the initial snray denosit will sediment at
a rate dependent on their diameter (D), density (dn), the density
cf the solvent (ds) and the viscosity of the solvent (h) (Stokes
Law) 2
V= (dp=-4ds) g

g = acceleration due to gravity.

The effective diameter D will depend on other fornulation
components, such as dispersing agents amd electrolytes, bhut as-
drying proceeds the concentration of these components will
change, the particles will become more concentrated and the
viscosity of the solvent will increase. Initial sedimentation of
particles will be random throughout the volume nf the droplet but
water loss by evaporation is greatest at the circumference and it
is here that secondary vrecipitates will be found (Figure 6).
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Figure 6

PARTICLE DEPOSITION FROM A DRYING SPRAY DEPOSIT
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The secondary deposits include surfactants and humectants which
means that there 1is a partial senmaration of the wnarticles of
pesticide from the water holdina components of the formulation.
The situation is most extreme in denosits formed frem droplets
with a low contact angle because the area of these demosits are
much greater, leading to wider semaration of the marticles from
the surfactant-rich circumference. Pesticide in the solid
particles 1is less likely to enter solution when there is smatial
sevaration of marticles anmd surfactant.

Deposits on the lea® surface which have a large area relative to
their initial volume and pesticide concentration have a 1lower
quantity of pesticide per unit area. If the chemical solution is
saturated, this may nrcvide an initial advantage because there is
a dJreater area over which uptake can occur , but a reduced
quantity of formulation per unit area can have an adverse effect
on leng term nesticide uptake. The ability of a surfactant or an
hunrectant to retain water is dewmendent on the intrinsic
pronerties of the compound and on its environment. Surfactants
exnosed to low humidity ambient conditions may not be able to
retain sufficient water at equilibrium to mrovide a mobile phase
for pvesticide solution and diffusion to the cuticle surface, but
a three dimensional matrix of spray deposits will maintain a
gradient of water from the near saturated conditions near the
cuticle to the drier surface layers. Increasing the relative
surface area of the droovlet may reduce the concentratinn of the
formulation commonents to the moint that the agradient of humiditvy
is too small to maintain sufficient moisture within the denosit
to dissolve the active ingredient.

In conclusion, the changes that take nlace in the snray dennsit
as it dries on the leaf surface are comnlex amd at nresent are
not well aquantified. It is c¢lear, however, that formulation
adjuvants can be used to ootimise the untake and distributinn cf
pesticides on the nlant leaf surface.




ARJUYVANTS FCR PESTICIDRES:

THE EFFECT OF MOLECULAR STRUCTURE ON UPTAKE
C.E. PRICE

The effective activity of a nesticide (2} is the rreduct of ite
inherent activity (a) and its ceoncentraticn at the site of actinn
{c). For the purnose of this discussion, the site of action is
within the nlant, but strictlv tre site of action for a “erbicide
or plant qrowth regulator is within the cell and 1invelves a
number of additional stages which may reduce the effective
activitv. For this reason, high uptake of chemical intc the
nlant is not always an indicatinn of maximum activitv.

Untake differences between di fferent nesticides into thrhe same
snecies can be imnortant, even from a formulatior « desianed to
give efficient overall uptake and pioleaical activitv (Table 1).

Table 1

THE UPTAKE OF PACLCRBUTRAZCOL AND 1-METWYI. PYRIPI ™ CLORIN

IMNTO SOYREAN LEAVES

Percentane untave after 04 5

A

l1-Methvlpyridinium chloride 9

o]

Paclobutrazol 5

There is no clear indication of vwhat controls the untake of
comnounds into a leaf. The main nrohlen with this tvne of studv
is that a change to anv one rolecular rarameter autcrmatically
changes ancther paraneter, for instance, 2,4-D ester has areater
lipid solubility ¢than the salt but it alsn has lrwer water
solubility and higher molecular weight.

Molecular nromerties must also be considered in relation to the
plant snecies. The twr related ceomncunds raclnbutrazol and
diclabutrazol differ conly bv cne chlarine atnm but untake is
auite different in some srecies (Table 2).




Table 2

THE UPTAKE OF PACLOBUTRAZOL INTO THREE PLANT SPECIES

Cotten Saybean Cvrerus rotundus
Paclobutrazol 47 26 47
Diclobutrazol 49 43 16

(Percentage untake after 26 ‘ours)

These data come from a series of experiments carried out under
field conditions in southern Smain, in which ten compounds were
aprlied to ten species and uptake measured after 26 hours. N
single parameter c¢nntrolled untake but we found significant
correlation between untake and molecular dimensions { four
snecies), molecular weight (three srecies) and aaueous soluhilitv
(two srecies). Partition coefficient and liaquid solubility were
only correlated with an uptake for a single species, Xanthiam
pennsylvanicum, which 1is contrary to the widelv held view that
2,4-D ester 1is better for foliar amnlication than 2,4-D salt
because it is able to penetrate into the plant more effectivelv.
Part of the explanation may lie with the formulation used for the
lipophylic and hydrophyilc compounds. Highlv water soluble
conpounds, such as 2,4-D salts are usually annlied to the nlant
as aqueous solutions containing just enough surfactant to wet the
leaf surface, but 1lipid solubhle comnounds such as 2,4-D ester
have to be annlied in enulsions containing solvent and
emulsifiers. Much o0f the higher activity of the esters can he
attrituted to these differences in formulaticon adjuvants. Irn an
uptake experiment in which 2,4-D sodium salt and the 1isnnctvl
ester were annlied in the same EC formulaticn, tre salt form
penetrated better than the ester in some snecies (Table 3).

Table 3

THE UPTAKE OF 2,4-D SALT AND ESTER INTO THREE SPECIES

Conpounds Ameranthus Cvrerus X¥anthiunm
2,4-D Salt 73 34 Sl
2,4-D Ester 72 59 60

Smecies: Ameranthnusg retrcoflexus
Cvperus rctundus
Xanthium mennsylvanicum
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The 2,4-D salt will remain mainly in the aguec~us vhase of the
enulsion while most of the ester will martition inte the 1inis
phase. This means that the immact of an adjuvant will denend on
the nhysical oronerties of the comnound as well as the rature of.
the nlant (Table 4)

Table 4
THE EFFECT OF SURFACTANTS ON THE UPTAKE CF

ETHIRIMOL AND PERMETHRIMN IMNTO LEAVES OF ORANGE

Sur factant Permethrin Ethirimecl
Synperonic A2* a0 36

" AT7* 68 65

" A20* 31 40

*2,7 or 20 polyoxyethylene tridecyl ether
1% cyclohexanone was present in the permethrin formulaticn.

It is clear that untake of nermethrin is strongly favoured tv the
very low HLB surfactant Svnpmeronic A2 while A7 is better frr the
more water soluble ethirimol. The log partition of ethrimol is
2.2 and if 1% cyclohexancne is added to the acuecus formulation

it behaves more like nermethrin in its resmonse to surfactants
(Table 5).

Table 5
THE EFFECT OF SURFACTANTS OM THE UPTAKE OF ETFIRIMCL

AND PERMETHRIM FORMUULATED WITH 1% CYCLOHEXAMONE

Surfectant Permethrin Ethirimel
symperonic 32 20 62
" A7 67 c4
" A20 31 28

Untake inteo orange leaves after 25 hours.
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Uptake data obtained after a single time interval can be
misleading because short term effects are not alwavs related tco
the 1long term total untake. High HLR surfactants such as
Svnperonic A2C mav act as humectants and enatle untake to
continue for a longer period because water is retained in the
depcsit. More surorisinglv Synmeronic A20 can alsc rreleng tre
uptake of water insoluktle rermethrin in the “"drv" dennsit (Taxle
8).

Table o

THE UPTAKE OF PERMETHRIN INTO IPOMOEA AFTER CNE AND THREFE MAYS

Sur factant Percentage untake Percentaae
1 day 3 days increase
Synperonic A2 64 70 17
Svynperonic A7 56 66 23
" A2¢ 47 70 43

* Percentage increase = Dav 3-BPay 1 x 100

100 - Dav 1

2,4-0 ester 1is an cutstanding examnlie of an active inaredient
that 1is conjugated with an inert compound to onroduce a rore
active compound. The rational behind this medificatinn nf 2,4-T
is that the more linid soluble ester would nenetrate the leaf
cuticle more effectively, though we have seen that this
esplanation may be an oversimplification. The 2,4-N ester is nnt
binlogically active but must hydrolyse to release the active 2,4-
D ion. The ester may undergo chemical hydrolysis hut is more
likely to be hydrolysed by esterase enzymes 1located in the
cuticle or in the cell, If cell untake is nassive, the 1lipiAd
soluble ester should cress the cell membrane more easilv than the
3alt because it can establiszh a much higher concentratinn in the
membrane. If it is then hydrolvsed in %Zhe cell the salt form is
less able to diffuse out, This scheme is comnlicated hv the
nresence of an electrical motential gradient across the cell
membrane, the c2l1l being as much As 150 mv mcre neqgative irside
conpared with outside. The effect of this charge on the
distribution of ions is given hy the Nernst eaquation.
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This means that foar an anicnic resticide such» as 2,4-1 the
external concentratinn will be 330 tines areater than %he
internal concentration. The reverse is true nf catinns which
achieve highear concentratinns IHSINE the cell at equilibrium. I€
the above calculatinns are amnlied to a divalent catiorn such as
naracuat the internal concentration mav in theorv Ye 100,000
times greater than the external concentratinn.

Ci/Co = exn.(5.5 x 2)
= 144590
Such concentration ratios are never nnrmallv achieved btecanse
naranuat rapidly destrovs the cell membrane. The ranid
herbicidal action of onaraquat is a major cause of its noor
translocatinn, and formulatiens have heen nade containing

nhotosynthetic inhibitors such as divreor, which in theerv shnuld
reduce the paraauat action whichk is denendent nn rhctosynthesis.
Houever, such formulatinng have rot improved paAraauat
translocation bhecause when maraquat herhicidal actinn is reduced
it is accunulated bv cells and therefore is still wunable teo
translocate.
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Attemnts have reen made to a3 ' cothker caticns, te imnrove

maracuat translocation (Table and this is nne nf the few cases
. where catioric surfactants can _.ve innroved activitv.
Takle 7

THE EFFECT OF CRGANIC CATIQEKS O PARACUAT TIRAMEDCR™ I 1MERT

Treatment salution Percentaqes translrorcated

-3
Paraquat 10 M 24

de 1C ™ 31

("8

+ choline chlor
-3
" " 4+ MPC 1C "M 55

Relatively 1little work has been done on the relationshin hetween
molecular structure, nlant snecies and formulatinn untake. It is
an area of great comnlexity but it mav be the only wav we will he
able to 2xpnlain exactlv what controls untake and translocatinn
and what nodification carn be made to the formnlation in order to
optimise activity.




ANNEX 5

THE FREDERICK INSTITUTE

SEMINAR ON

"CURRENT THOUGHTS AND FUTURE TRENDS IN

PESTICIDE FORMULATIONS"

Date:

Venue:

AG

April 5, 1986

Fippat, Padappai

ENDA

10.30 a.m. :

Prayer

Welcome address
Mr. S. James Frederick
(Chairman, Coromandel Indag Group)

Inauguration of the seminar
Hon'ble Thiru S. Thirunavukkarasu
Minister for Food

Govt. of Tamilnadu

Presidential address
Dr. G. Thyagarajan, Director
Central Leather Research Institute

Distribution of Awards

Vote of thanks

M-. S. Ketharaman,
Managing Director
Indag Products Ltd.




Chairman

Rapporteur

12.60 to 12.40 p.m.

12.40 to 1.15 p.m.
1.15 p.m.
2.00 to 2.40 p.m.
2.40 to 3.40 p.m.
3.45 p.m.

4.00 p.m.
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TECHNICAL SESSION

Time:

Venue:

12.00 hr

At board room, FIPPAT

Dr. G. Rangaswami,
President, FIPPAT

Dr. R. Sundararajan

Dr. Valkenburg - Role of Surfactants in
Pesticide Formulations

Mr. V. N. Dutta - Safety Aspects of Pesticides
Lunch break

Dr. Price - Bio-efficacy of formulations

Dr. Khetan - Design of Pes -:ide Formulations
General Discussions

Concluding Remarks
Dr. B. V. David, Director, FIPPAT
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ANNEX 6

ANNA UNIVERSITY

Madras 600 025

announces

HORIZONS IN BIOTECHNOLOGY

A series of seminars on the different facets of Biotechnology

Date : April 3, 1986; 3.00 - 5.00 p.m.

Venue : Seminar Hall, Department of Chemistry
College of Engineering

Title of Seminar:

Recent Trends in Formulation Technology of Biologicals
(sponsor: Coromandel Indag, Madras)

Participating Specialists:
1. Dr. Susheel Khetan

Head PDPI and Director, R & D Hindhustan Insecticides Ltd., Gurgaon,
New Delhi .... Ph.D (Organic Chemistry, IIT, Kanpur),
Specialization: Pesticide formulation designs.

2. Dr. Wade Van Valkenberg

3M Company, St. Louis, Minnesota, USA

Ph.D. (Colloid and surface chemistry)

Specialization: Pesticide formulation/micro encapsulation
3. Dr. Clive Elsworth Price

Imperial College, London.

Specialization: Ph.D. (Plant Physiology).
Role of adjuvents in Bioefficasy of Pesticide formulations.

We cordially invite you and your colleagues to attend the seminar.

Yours sincerely,

KUNTHALA JAYARAMAN
Professor of Biotechnology
A.C. College of Technology

Madras 600 025

Tel.: (044) 414240






