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INTRODUCTION 

The Pesticides Development Programme in India was set up in 1981 
wit~ the following objectives: 

1. (a) To assist the Government in surveying the pesticides dem~~•d and 
supply situation in the country so that gaps between de~and and 
supply can be detected at an early date and high cost e~ergency 
acquisition of pesticides eliminated or kept at minimum. 

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

(c) To recommend the most suitable pesticides. 

2. Planning, co-ordination and promotion of the pest~cides industry in 
the country. 

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

4. Feasibility of setting up new plants, the required infrastructure and 
investment, proper distribution and marketing of prod~cts. 

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

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

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

8. Assessment of equipment suppliers. 

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

10. Set up an information and docum~ntation service and disseminate infor
mation on technology and market. 

11. 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.J 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) Appli~ation of pesticides. 

12. Assist the Government and Industry in organ1z1ng regional Government 
Consultations on a coordinated sectoral development effort. 

13. Assist in developing basic data under the Insecticides Act for the 
registration of prod~cts with the Insecticides Board. 

14. 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 two years was behind schedule and so a less ambitious 
programme was agreed with the followi~g objectives: 

1. To develop new formulations a~c improve existing formulations specifically 
suitable for local production and use. 

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

3. Standardization of quality control and safety methods for the fomulati~n 
industry. 

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

5. Setting up as a part of tne institution, a strong documentation centr~ 
with library and seminar facilities, including creating a data bank on 
various aspects of pesticide manufacture. 
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POPI occupies part of the Central ~esearch 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 POPI and the HIL Divisions of Ad
ministration, 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 ~re 
earmarked for an experimental farm. 

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

The period of the cor-sultancy 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 (POPI) on: 

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

Screening of formulations developed in POPI, on the type of for-
. mulat1ons that could be tested at exploratory level, including 

pesticidP. mixtures for both pre- ~~d 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 POPI on various aspects of herbicide screening, methodology, mode of 
action and different application methods to suit local conditions. He is 
expected to submit a report to UNIDO on his findings and recommendations. 

For the purposes of this consultancy I defined POPI as the entire 
Gurgaon complex because there were no biologists officially attached to 
POPI. The objectives were not fully attained because there were no 
suitable greenhouse facilities or equipment. A start was made on pro
pagating weeds and crop plants but no fo~mulations were tested. A number 
of lectures were given. 
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:I.THF. ~EEO FOR RIOLOGICAL TESTING. 

~· nackgrounr.. 

The empt.asfs at PDPI in the past has been on a teclinic0:1l base for 
prcducing formulations. Previous experts have been concerned 
with f01·inulation technnlogy analysis .~n<l the use cf scie~tific 
equi!Jaer.t. The PDPI staff are l~ng-ter.n HIL emnloyees and so 
their .!lain exr>erience has been with contact insecticides such as 
DDT where biological activity is usually consinered tc be m0re 
closely related to the physical properties of tre forr-:nlatior.. 
Consequently, t'"iere was a need to: 

;1) c'iemonstrate that formulations had a significant ef feet on 
biol~Jical activity. 

t) explain the complexities of the biological sys tern and ~ ... hv 
it is difficult to predict the effect of formulation changes on 
activity. 

c) ~resent the state-of-the-art formulation effects on 
biological ~~tivity. 

d) show how cl.imatic conditions influence the performanr~ 
of a formulation and relate this data to the Indian conditions. 

B. Lectures. 

The relevance of hiological testing to formulation developnent 
was presented in a series of lectures. The first lecture was to 
senior executives from the IJeSticide formul<":tion indu~tr-y who 
were attending a three day conceot meeting organised hy PCP! 
(Annex .1). Th~ main aim of this lecturP. w~s to show that 
formulations could be designed soecificallv for narticul;:ir 
climatic regions, and that formulators han an imnort.::\nt oart to 
play in this context. A similar lecture was given at the 
Frederick Institute of Plant Protect ion and Toxicol".lqv nP.ar 
Madras (Annex 5). 

A subsequent lecture was given to POPI statt on nP.sticid~ 
screening methods with emnhasis on the technical detail$ of the 
methods and the imnortance of qood communications between the 
biologists and the formulation chemists (Annex 2). This lecture 
also dealt briefly with different methods 0f apnlication, 
including the use of very low volume equi~ment. These lectures 
were direC'ted ~rir.1arily at the chemists wlio needed to b"? 
convinced that biological testing was necessary. The hi~looists 
were alreany convinced of the need hut w~ll benefit from further 
practical training when the facilities are available. 
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The role of formulation adjuvan~s on pesticide activity was a 
recurring theme during discussions at POPI and formed part of my lec
tures at the concept meeting, subsequently expanded to a lecture to the 
POPI staff (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 POPI are concentra
ting on getting the new technology to work, ~o 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 f~rmulate a pror.ein complex from Bacillus sphaericus, 
and has made initial contact with POPI 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 Lhis is a very difficult 
problem·and it should not be considered until some provision is made, 
either to acconwnodate one of Professor Jayraman's staff at POPI to carry 
cur the biological testing or to appoint a biologist to the POPI staff. 
The formulation of biological materials requires a very high input from 
biochemically trained scienctists and can on!y be undertaken successfully 
if POPI ar~ in " ~osition to utilise all the expertise available to thtm. 
If they are to un~ertake 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 havP contractPcl i'OPT r:o reform111ate their herbicide 
basalin. This heroicide is applied to the soil surface before the rains 
start :1hen it is washed into the soild and prevents weed seed germination. 
The chemical is lost during the pre-rain period by volatilization and 
photodegrad3tion. Work has only just started on this project but there 
are no plans to test the formulations fc~ their biological activity at 
POPI. 

In conclusion both these projects would present consiJerable technical 
difficulties and further strenghening of POPI with qualified and trained 
technical staff with specific responsibilities for individual research 
projPcts is essential. 
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3. SETTING UP A RIOLOGICAL TESTING UNIT 

If POPI is to test pesticid~ formulati:,.1s for their biological 
activity they will need a ~ajor investment in facilities and 
manpower. The three main types of pesticide, fungicide, 
insecticide and herbicide, will each need a specialist biolO<:Jist 
with one of them, preferably the herbicide soecialist, taking 
responsibility for growing all test species. Supoort staff will 
be needed for laboratory and greenhouse work. The technical or 
organisational req~irements of these support staff require thnt 
each of the three areas of resp0nsibility and the Plant growing 
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 plants. The greenhouses for 
insecticides and fungicides should be cocpartmentalised to 
prevent the spread of test organisms. Greenhouses were visited 
at the Quarantine Department of ~jblic Health, Delhi ann at 
ICRISAT (Hyderabad). Further enquiries will be undertaken uoon 
my return to the UK. Discussions at these two greenhouse sites 
included shading and methods of cooling and I am informed t~at 
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 m11ch reduced. l\t 
Gurgaon, Dr. Ramdev took measurements of temperature, humidity 
and PAL light intensity (photosynthesis active light) in the 
greenhouse compartments and outside in !ull sun and in the shade 
using instruments I brought with me from the UK. Tl-te 
measurements were taken at hourly intervals on a cloudy day and a 
sunny day and revealed very large variations in different narts 
of the greenhouse caused by p::>or design. 

B. Growth ro0r.ts 

Stocks of insects and pathogens will need to be r.taintained at the 
Gurgaon site for infecting plants prior to sorayinq with 
pesticides. These rooms will need accurate temperature and 
humidity control and a reliable electrical supoly 24 liom:s oer 
cay. Currently, insects are reared in ~ l~bcr~tory and there iq 
no ~ower on the site fro~ 5 ~m to 9 am. A smaller controllen 
environment room is needed to stock weed and crop seeds. ~ 
shelter for pre~aring soil, filling nots, seeding etc. will also 
be required. 
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c. Plant croPOgation. 

Seeds were collected from ....:..l\}°'gemone Mexicana, Tribulus terrestris 
and Asphodelus tenuifolius plants growing at the POPI station. 
Further seeds will be collected by the biologists i.1 pre!'>aration 
for future herbicide trial~. It is significant that, as far as I 
know, none of these weeds are included in the herbi~ide screens 
of any multinational agrochemical company. Perennial wel'!ds are 
far more difficult to control than annual weeds because effective 
control requires a detailed und~rstanding of their nhysi~lngy and 
morphology, fyperus rotundus plants were dug up to show the 
relationship between the rhizome and the underground tuber~ 
(swollen nodes), and to demcnstrate the depth at which they can 
occur in dry soil. Cvnodon dactvlon was also collected as a 
contrast to Cyperus because in this species any node on the 
rhizome is p:>tentially viable. The rhizome was cut into one, two 
and three ncde lengths and planted in pots, other nieces 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 sprouting or wer".! well established. However, the rhizome 
planted in !_X)ts grew less rapidly than those in the same soil in 
open ground, and 20 Citrus seeds sown in nots oroduced only a 
single plant. Work will need to be done to improve the rx>ttinq 
characteristics of the Gurgaon &Jil and a sample of crushed rock 
phosphate was obtained fr0r.1 Project DP/IND/81/019 (Investigations 
to use low-grade phosr>hate from Mussoorie deposit) to assess its 
value as a compost additive. Lack of suitable working conditions 
prevented detailed work on develooment of a petting soil, but 
this must be a first ~riority when a greenhouse and ~ottir~ 
shelter are available. The~e will also be a need for olastic 
plant '?Ots as the available earther.ware nots retain too !:'lanv 
pesticide residues and are too variable in their shap~. size anci 
physical properties. 

£:. Soray equipment and minor itP.ms. 

Formulations should be designed to take arlvantag~ of the 
equipment that will be used for application. For example, drift 
spraying using spinning disc applicators !Jerforms best with non
drying formulations because the smal 1 droplets have such a high 
surface area to volume ratio. A wide ra11CJe of soray equi~nP.nt is 
essential so that trials can relate to all OQSSible farmer 
a~olication rnethocs. Equinnent shoul~ include r.onventi~n~l 
pressure and knar:>sack snrayers with "" C'.JOl'.'d r'!!nqe of jet!; 
including very low volume jets such as the Cooper Pegler VLV 
series anrl a selection of Micron controlled droolet a~nlicators 
(CDA) using spinning disk technology. COA i'l~~lici'lters are 
beconing increasingly important in r.iany tro~ical ano sub-tronical 
rP.ginns because they require less water and en~ble workers to 
treat much larger areas within the same time scale. ~ track 
s~rayer is the most expensive item but is essential for the 
accurate ar>t;>lication of lage numbers of formulations to olants 
growing in pots. A Mardrive ".'ressure .~:i;. iven f5ystem is one of the 
best available and requires very little mainten~nce. 
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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 a$ 
a small cultivator and a range of hand tools. ~t the rnonent trial 
plots are laL·gely prepared by hand but this is not a safe 
practice if the soil has been treated with oesticides and is far 
too slow for large scale trials. Simple soil sterilising 
equipment will be required {the existing steam generater could be 
used for this purpose), together with a large volume soil mixer 
for preparing J'.'.X)t ting compost. 

~11 trials data should be cor:t~uterised froo the very beginning 
a~d the selected hardware and software should be ca~able of 
future expansion to avoid later changes and re-input. Simnle 
temperature and humidity recording equipment should be installed 
in all the greenhouses as ?"rt of the quality con~roi ~rocedure, 
~nd more accurate measuring equipment, including light intensity, 
should be available for experimental purposes. 

E. Library facilities. 

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

Indian Journal of Entomology 

Indian Journal of. Weed Science 

Indian Journal of Phyto"athology 

Indian .Journal of Soil Science 

Indian Journal of Agricultural Science 

Indian Farming 

More reference books are also required, especially for the 
biolo9ists. The library should be air conditioned and available 
to staff throughout the normal ~1orking day. 

F. Relations with other Institutes. 

There are no strong contacts between POPI and other organizati~ns 
involved with resticides. This will become important when POPI 
enters the field of biol~qical testing b~cause they have no l:Jng 
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 J'.)E!Sticide formulation and have 
ex~ressed an interest in attending PDP! lectures. Closer liason 
with this and other ~ nstitutes of the Indian Council of 
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Agricultural Research is essential if POPI wishes to occupy a 
leading rosition in the pesticide industry. It should also b~ 
cl~sely involved with the All India Co-ordinated Projected 
programmes. 

Contacts with other instituteR should include centres 
representative of different cli~atic regions so that local trials 
can be organised more conveniently and local problems brought t~ 
PDPI's attention. Institutes concerned with specific crops are 
important as y:ossible 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 formulaLion of natural 
products is to be a recurring feature of PDP! activities then 
closer relations with the Regional Research Laboratorv, Hyde:::-abad 
would be an advantage. 

Many of the problems inherant in the Gur9aon. site, such as 
unsuitable climate for fungal diseases and many insect pests, 
could be minimisPl by liason 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 sect ions but a very weak formul:'l tion sect ion, the 
exact opposite to POPI. They have already established a 
reputation with the pesticide industry and hdve set up formal 
relations with the University of Madras help them establish a 
strong research team. 

G . Manpower . 

POPI is undermanned. There are currently only 14 of the proposed 
35 ~lanned staff on the project, covering every aspect of 
formulation from research into new types of formulations to pilot 
plant production. ~nalysis of clay materials is taking one team 
which will diversify into colloid science later tllis year. With 
only one formulation team it is not even possible to work on two 
problems at the same time. This means that there is little 
potential for pr0ducing enough formulations to r.eep 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. ~ny com~romise on this roint will lead to 
lnef ficiency or a strong i:x:issibility of generating unreliable 
data. The alternative is to form a working alliance with ~n 
in.3titute, such as the Frederick Institute in Madras, which has a 
strong biol::>gical group but a very weak formulation tf'-.1:1. This 
may not be ideal from the formulation che111ists r-oint ,,£ view but 
it may be the only oossible way of obtaining bi~lngical data. I 
can see thf'lt the only way Professor Jayar.:lman 1-ii l l <Jet her 
biocide formulations tested will be to have them sent to her own 
labor.:ltory in Madras. 

The ma~n rroblem in having the biological testing carried out off 
site, is that there ..till be a tender1cy for the chemists to rever'"
to not testing formulations for biological effectiveness. It 
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must be stressed that POPI are operating with totally inadequate 
manpower levels in relation to the bre~dth of their 
responsibilities. 

4. FUTURE DEVELOPMENT 

~The position of POPI in the Indi~n agrochemical environment. 

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

l (a). To assist Government in surveying the pesticides 
demand and supply situation in the country so t~nt gaps between 
der.tand and supply could be detected at an early sti'ige and 'high 
cost emergency acquisition of pesticides eliminated or k~~t at a 
minimum. 

1 (c). To recoomend the most suitable pesticides. 

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

This left POPI with responsibility for developing formulation 
expertise and for training the agrochemical industry in 
formulation techni~ues. Training and research are the 
traditional roles of research institutes and universities, who 
are financed for that purpose, but POPI are now develo~ing a 
strategy which should provide a valuble service for the Indir.ln 
agrochemical industry: 

1. Training courses have been organised an<l will continue. 

2. Intensive 'in house' training will be develo-ped when 
facilities are available. 

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

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

1. It will need to give a confidential service to custo~ers 
and therefore must be partially inde~endent of HIL. 

2. Financial i nderenc'lence is essential for its cia v-to -day 
running expences. 

3. Its research potential will neen to be strengthenP.d. 
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.!!_: Operational inde~endence 

This is essential from the point of view of P()PI ~nd nore 
especially its custoners. HIL is perceived as a competitor of the 
companies who wi 11 be bringing research projects to POPI. They 
will nead to be assured that the research results, or even 
details of the research ~roposal, will net be made available to 
HIL. At the moment payments for PDPI training courses ~re made to 
HIL, which ~ives the i~pression that POPI is only the research 
de~artment of HIL,~nd that confidentiality is not possible. POPI 
management also need to r:iake their own decisions within the 
guidelines set up by their governing body but without having to 
obtain approval from HIL. For this they need so~e degree of 
financial i~ependence. 

c. Financial structure 

With the loss of the three objectives originally pro-posed by the 
Indian Government, POPI lost its role as adviser to the 
Government 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 expected to finance POPI 
activities which are intended to improve the formulating skills 
and efficiency of its cor:ipetitors. It is clear that alternative 
funding is essential to give POPI some level of independence from 
HIL and to assist its long term developcent. The current proposal 
is to charge customers for services rendered, but this ·can lead 
to problems which in the long term will reduce PDPI's 
contribution to the develop~ent of the Indian ag~ochemical 
industry. The major problem is that any organisation that 
undertakes contract research must give priority to the financial 
return. High paying contracts ,.,ill receive priority, irrespective 
of technical or scientific merit. Inevitably, any organisati~n 
servicing the individual co~ponents of an industry will lose its 
leadership role. It will also become app.~rent t~at advanced 
training will 10se POPI its research custooers because they will 
then be able to carry out the research themselves. Under these 
circumstances training may well be seen to be the res1'.'0nsibility 
of universities. 

If POPI is to ~lay a full role in the long term developoent of the 
Indian pesticide industry it should be funded centrally and given 
the clear renit of serving the industry as a wl-\ole. In the i;hort 
term it may hava to undertake contract research in order to prove 
its value to the industry • 

. .£..:_Research develn~~ent 

In order t0 continue to devel~~ a!; a centre of ex~ellence after 
UNDP su"!.:JOrt ends, POPI mu st establish a strong research mor:te ntum 
and for this a small group of Post Graduate research !;tudents i5 
essential. It should be '?OSSible for POPI to achieve this by 
affiliating with a suitable university (the Frederick Institute 
has affiliated with the Universit/ of Madras). 
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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 fr~quently need to keep some experiments running 
overnight. 

V. CONCLUSIONS 

There are important decisions to be made on the future development of 
POPI, in particular, what is expected of POPI? 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 POPI, 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 POPI including a formal liaison with other institutes or centres of 
post-graduate training. 

3. If POPI is to obtain contracts from other pesticide companies, it must 
be seen to be an independent setup. It is clearly not possible for POPI 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 the next year 
on the long-term role of POPI 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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5. If it is agreed that POPI should set set up its own binloqical 
testing facilities, the followinq equip~ent will be required: 

3 Greenhouses with benches ar.d coolers etc. 

l ~1ardrive track sorayer 

3 Birkmier stainless steel pressure s~rayers 

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

5 Micron herbi CDA apolicators 

5 Micron Ulva CDA applicators 

10,000 Plastic pots, various sizes 

500 Plastic trays 

l 'Ibp !_)an balance 

l Soil mixer 

l large capacity scales 

Biological books and journals 

l Ferranti PC AT computer 

l Skye instruments PAL meter 

l Kane-May 8004 temperature and humidity meter 

4 casella temerature and humidity recorders 
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ANNEX 1 

BIOLCGICAL ACTIVITY AND FORMULATIOtl OiEMISTRY. 

To the farner, a pesticide is not a cheoical, it is a bicl!'>gical 
effect. TI1e role of the formulation is to ensure that the o~timum 
biological effect is avaiiable to the farmer in a way that is 
safe, convenient and cost effective. All too often, however, the 
emphasis on formulation design is on ~hvsicial and chemical 
stability and convenience, with relatively little attenti~n given 
to optimising the biological activity. 

Getting the pesticide onto the leaf or soi~- surface l!laY be all 
that is 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 biological effect by assisting 
the active ingredient to penetrate into the target organism or 
may enable the pesticide to accumulate in ~lant tissues where it 
is more accessible to the organism. Pe~etration into the ~lant is 
clearly essential for pests and diseases which occu~y internal 
tissues, but it is also important for leaf surface insects, such 
as aphids, feedill<J on internal tissues (phloem), or fungal 
pathogens, such as powdery mildew, sending haustoria into 
epidermal cells. Any herbicide or plant growth regulator must 
penetrate at least as far as the photosynthetic tissues if it is 
to have any effect, and this is true also of systemic 
insecticides and fungicides which rely on translccation in the 
plant for their full effect (_Fig.l). 

Each stage in the process froo for~ulation to accumulation at the 
site cf action is dependent on what hap!)ens at the nreceeding 
stages, for example, a poor formulation may precipitate when 
diluted for spraying. and therefore will not arrive nt tha leaf or 
soil surface in a suitable form. Similarly, if upta~e into tha 
plant is poor then there is less chemical available for 
translocation. 

To what extent can formulation adjuvants im"rove the act·~vity of 
a pesticide ? There are numerous cases described in the 
literature showing that formulation ildjuvants ca!'l !"ore th.:in 
double the ap9'!rent activity of pesticides, b~t the sryecific way 
in which this is accomplished is seldom a !'!la rent. S1Jrfactant s, 
for e~am~le, were originally added to formulations to assist 
retention of snray deposits by leaves, but there is now a 
considerable amount of data showing that they also imnrove unta~e 
t Table 1) . 
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TABLE l 

THE UP'l'~ OF GIBBERELLIC A.CID INTO GREEN NAVEL OR~~GES 

Standard forl!lulation (no surfactant) 12% 

0.1% surfactant form~lation 68% 

-----------------------------------------------------

FIGURE l 

THE PATHWAYS OF PESTICIDE UPTAKE 
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The way in which surfactants assist u~take is not fully 
understood but it is probable that both surfactants and solvent~ 
influence !_'.>enetration by !llOdifying ~he nhysical ~ro~erties of the 
pesticide deposits on the leaf surface and the perme~bility of 
the cuticle itself. 

It ic; generally acce!>ted that conpounrls cress the cuticle hv 
diffusion. The rate of diffusion is inversely proportion~l t~ 
molecular radius, which means that large l'lOlecules or molecular 
agregates are not able to cross the cuticle in significant 
quantities. Under some circumstances surfactants increase uptake 
by retaining water in the s~ray deposit arrl ~reventing :t fror.t 
drying out. When this hap~ns a high concentration ~f solute is 
maintained in the deposit and U'!_ltake is p·:olonged, possibly for a 
period of days. It has also been shown that pesticides apnlied as 
solution-particulate mi;r":ures can penetrate the cuticle in 
quantities greater than the dissolved part alone. The explanati~n 
for this is that the solid phase of the active ingredient 
continues to dissolve after the solubilised fraction has 
penetrated, increasing the quantity of ~sticlde available for 
u~take. For example. the uptake of ethiricol from a susoension 
concentra t~ was t~ee t imcs greater than fr.0t:t a saturated 
solution ar.d .:o.:tinued for seve".'al days after uptake fr0r.t 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 hel~ the retention 
of water so that sufficient mobile phase is available for soli~ 
particles of a pesticide to continue to enter solution anrl 
diffuse into the cuticle. 

The transport of solutes across the cuticle is at least nartly 
determined by the physical properties of the solute, but th~ 
relationship between rart i ti(')n, for example, and untake may be 
different for different plant S'!?E!Cies (Table 2). 

TABLE 2 

THE UPI'AKE OF 2,4-D SALT AND ESTER 

FROM THE SAME FOR."-1UI.J\TION INTO FOUR WEED SPEC! ES 

Cor.tpund Xanthium A.maranthus Cyt'E!rus Ipomoea 

2,4-D SALT 81 79 34 38 

2,4-D ESTER 60 79 59 60 

(Figures are percentage uotake after 24~ into X~nthium 
pennsylvanicurn, A.maranthus retrof lexus, Cyperus rotunnus ann 
Ipomoea leari, all growing under field conditi?ns in Soain. The 
approximate Log.Partition (octanol) for 2,4-D ester is 5.7 ar~ 
for the sodium salt -1.4). 
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The reason for the differences in uptake are not well understood 
but they r.iay reflect differences in the structure and connosition 
of the cuticle of the different species (Figure 2). The main 
structure of all plant cuticles consists of cutin, a t~ree 
dimensional corc.plex of cross linked hydroxy-fatty acids. 
Cuticular wax is embedded within the cuti~, and enicuticular w~x 
forms a layer on the surface. Hydrophylic pectins ard cellul~se 
underly and penetrate the cuticle, cr~ating a gradient of 
polarity extending from the epicuticular wax on the outside, to 
the cuticle - wall boundary at the inside. The permeability of 
pesticdes with different physical properties will be controllec 
by the cooposition ard relative ~roportions of cutin, waxes am 
polar cocponents in the c~ticle, but the exact nature of thP 
interaction is not understood. 

FIGURE 2 

CUTICLE STRUCTURE 

Cuticle wax --------

Cut in 

Wall polysaccharides --- . ·., 

. · ... 

Cell membrane :·~-------------..._-
-------;:>"" 

The cuticle-pesticide interaction is further comnlicated by the 
impact of the formulation adjuvants on the structure of t~e 
cuticle. Surfactants and solvents are known to cross the cuticle 
and it is probable that they dissolve, redistribute or otherwise 
modify the cuticle cocponents when they do so, producing cocplex 
effects on !)esticide uptake that may be snecies specific. The 
data given in Table 3 illustrates a possible case where 
surfactants are modifying the trans!X)rt of substances across the 
cuticle. The response of the three s!)ecies to the surfactants is 
quite different, which suggests that the surfactants are exerting 
their effect within the cuticles, which have different structures 
arxl comr>0sitions, . aoo not within the spray deposits on the 
cuticle surfaces which are determined largely by the ambient 
environmental conditi~ns aoo are therefore reasonably uniform for 
al 1 the SP'? Ci es. 
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TAALE 3 

THE UPrAKE OF ETHIRIMOL INTO THE LEAVES OP THREE PLANT SPECIES 

Surfactant Ipoi:toea 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 complexity of the impact of adjuvants on nestici~e 
uptake is seen when formulations are used on the same species in 
different countries l t:tble 4). The reduced U!>take of ethiri!!tol 
under the hotter, dryer conditions of ~ustralia can he ex~lained 
as resultirig from the more rapi~ and c0C1plete 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. 

T.\BLE 4 

THE UPrAKE OF ETHIRIMOL AND PERMETHRIN INTO ORAi.'lGE LEAVES 

UNDER DIFFERENT CLIMATIC CONDITimIS 

Com round S!)a in J\ustral i"l 

ETHIRIMOL 20 9 

PERMETHRIN 16 32 

The important conclusion from these data is th~t the same 
formulation will perform with different efficiencies in rlifferent 
environments, a stron9 argument for formulating the pesticide for 
the region in which it will be a~plied. ~n addition"il anvantage 
of l~cal formulation is that local J?t?St ~robleMs can be inclunerl 
in formulation efficacy trials. 
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Th~ costs of oesticice ~cf ive ingredients are high relative to 
the costs of formulation aajuv~nts, so fornulations trat increase 
the biological activity of the active ingredient may reduce the 
price of the product and brill<J it within the reach of t~e fal1!ler. 
There are also increasing demands that for environmental reasons 
the q~antities of chemical sprearl over farming land should he 
limited, which again means that the aim must be to obtain the 
maximum biological activity fror.i the minimum chemical. This will 
provide the next major challenge to formulation chemists and 
r~uire careful biological assessment of formulations arrl greater 
understandir.g of the physico-chemical !Brameters which contrnl 
biological effectiveness. 
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ANNEX 2 

TESTING FOR BIOLOGICAL ACTIVITY 

All formulations need to be tested for their biological ~ctivitv 
before thev are put into tl-\e market, hecause to the fa rl!ler, 
biological activity is what he is paying for when he huys the 
product. Physical "tlroperties such as eI'lulsion stability, 
dispers ibil i ty etc are a part of !liological activity because 
poor physical pr0~erties ultimately lead to r.oor biological 
perfontance but good physical properties do not necessarily mean 
good performance. There are very few reliable ground rules for 
predicting biological performance which means th~t biological 
testing must be an integral part of formulation developnent in 
order to obtain a suitble cor:tbination of physical properties and 
biological activity. 

In biological terms, the least cor:tplicated type of pesticide to 
formulate are those which exert their effect on the surface of 
the plant. For solid fungicides such QS sulphur or 
dichloronaphthoquinone the critical parameter is small particle 
size and even distribution over the surface. Similarly, the 
liquid 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 
tc attack, for instance, pyrethroid insecticides sprayed by 
conventional equipment onto cotton, give little protection 
against white fly because spray droolets land mainly on the unoer 
surface of the leaves while the insects live on the l~wer 
surface. If the same pyrethroid insecticide is sprayed hv 
Electrodyn equipnent each droplet receives an electric charge 
which attracts it to the leaf surfac~, including tlie lnwer 
surface, so killing the white fly. 

Protecting the whole plant is a n~jor difficulty when applying 
contact pesticides, whether it is covering lower surfaces of 
leaves, or parts cf the plant covered by upr.ierleaves or even 
protecting leaves which have developed subsequent to the 
application of pesticide. ~1anv of tliese nroblems can be avoided 
by the use of more sorhisticated systemic ~sticides. ~ systenic 
pesticide enters the plant an~ moves in the tissue, possibly 
protecting the lower surface of leaves (tr::rnslaminar activity), 
and usually moving with the transpiration water in the xylem in 
an upward direction. Chemicals such as benlate and pirimicarb 
are taken up through roots or the lower narts of the stem a~d 
translocated to all above 1round parts of the plant. 

The formulation of systemic compounds is fnr more difficult than 
contact pesticides because their biological activity denends on 
their ability to !>E!netrate into ~lants. This is even more true 
of herbicides and ~lant growth regulators which have no ~ctivity 
at all on the plant surface. A formulation 1~ich ~ouhlerl untake 
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w'>uld double activity. Formulation adjuvants can ~ .. .ive a 'b:if! 
effect on the uptake of a !)esticide but there is, so far, no 
reliable guide for the selection of the ideal adjuv~~t for a 
particular situation. It is knOl~n, however, that the selection 
of adjuvants for o~timum uptake will depend on the ~lant species, 
the active ingredient, and the climatic conditions. 

The gost reliable way to select the adjuvants ~iving opti~un 
activity is to ~repare a relativelv large number of fornulati~ns 
and to test each one for binlogical activity. The tests must b~ 
carried out rapidly so that t~e results can be incorporated into 
the next formulations. This requires a close inter~ctio~ bet~een 
the formulation chemists and biologists. 

Biological tests fall into three broad categories: 

1. Greenhouse 

2. Plot 

3. Field 

Greenhouse Tests 

Greenhouse tests are the first to be carried out and orovide most 
of the data. The plants are grown in r.iots containing a uniform 
soil type. Climatic conditions in the greenhouse are ~aintained 
as uniform as p:>ssible and adjusted to suit the pest, disease or 
plant s~ecies under test. The olant !_X>ts should be non-porous 
and the soil modified by the addition of sand and organic 
material to give good aeration and drainage. Chemical 
an~lication can be very uniform under t~ese conditions either 
using hand sr.>rayers or, J?referably, a track snrayer. 

Plot Trials 

Selected formulations are taken from the ~reenhouse into s~all 
plots 2 x 6 m under field conditions. This has the advantage 
that the plants are grO"ling more naturally and soil ~ffects can 
be taken into account. Cron olants can be realisticallv qrown to 
yield. The main disadvantages are seasonal ~nd rP.qional effects. 
The ~lants should be grown under natur~l connitions, if rossible, 
and at che correct tine of year. This limits t~e onnortunity for 
trials es~ecially in parts of Innia with m~rked sP.ason~l 
differences in temnerature. There are also cr~blems i~ 
establishing anequate levels cf nest or disease. Tri~ls on soil 
applied residual herbicidl!s are nrefP.r~bly tested, ,1t this stage, 
under hig"l rainfall, tropici\l conditions where leachinq and 
metabolism are relatively ra~i1. Subse~uent test~ shoul~ include 
all proposed user condition~. 
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Field Trials 

The final tests are those relating to farmer u~e where the 
foI'l!lulati~::m will be tested by farmers in colla!Joration ~oiith 
scientists to assess the imnact of local conditions and farming 
oractice on the effectiveness of the nroduct. 

One of th~ most important benefits frorn farmer trials is that 
biologists who relate to the· forl!lula ti on chernis ts actual 1 v s~c 
how the farmer uses the product on trial. SoQe of the ~roblens 
may be local, for instance water quality can affect the oroduct 
unless special modifications are made to the forl!lulation, but 
close contact with farmers may also reveal emcrgi ng nroblem.; such 
as new pests or changes in application methods: an example nf 
the latter is the increasing use of very low volume equip~ent 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 eco~omics of pesticide use but it 
also means that new formulations of old ~roducts need to be 
prepared and tested for their biological efficacy. 

Conclusion 

The key to success in any trials programme lies in the oersonal 
interact ions between the people concerned and the two - way 
transmission of the data and ideas between the formulation 
chemist at one end, and the farmer at the other, with the 
biologists and "Physiol~gists in the middle. This two- wav 
cocmunication helps to ensure that ideas are constantly fed into 
the formulation develop~ent process, but it also means that close 
working relations are established with the users, ensuring that 
their requirements are not overlooked in the quest for the 
"perfect" formulation. ~ further bonus :n this nrocess is thi'\ t 
~roblems in pest or disease control emcountered by farmers are 
fed back to the labor~tory so that new active ingredients ca~ he 
introduced to counter ~roblems 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 ~reduced, tested for stability, storage ann hiologic~l 
activity. 'A. lot of data is <Jenerated at this stacie which can he 
used to build un e:<t)erience and uncierstan<linq of tlie role of 
formulation a<! juvants so that sliort cuts can he tried with t.he 
next comnound. Background ~hysiological rese~rch can heln this 
~recess by r~tionalisin~ the observations ano bio-activity dat~. 
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Apnendix =Low Volume Spraying 

One of the r.tajor cons trc>.ints to pesticide rt~ml ica ti on hv smal 1 
farmers is tne quantity of water required. This w~ter may have 
to be carried tc the field and then carried aroun(I the field in 
heavy kn.n.nsack sprayers. Th is usu::1l l y rP.Oui res one l;:i~~nr-?r to 
serve the water needs for two S?rayers in the field. Time is 
also l~st ~illing the s~ray tanks, a 15 litr~ conventional 
s~rayer neeos to be filled 27 times to a~ply 400 lit~es {ne~ 
hectare) ·nhereas a 5 litre ULV sn:-ayer would only need P. fillir.gs 
to apply 40 1i tres. The extrer.te is ~~i th ULV drift sprayi nq when 
one or two fillings only would be needed to snray S litres over a 
hectare. 

The effectiveness of low volume spraying is based on the number 
of droplets generated. Most of the equipoent uses soinning disc 
applicators which generate a very even sized droplet spectrum 
lacking the ~ery large or verv small droplets included in the 
spectrum of conventional sprayers. In the case cf insecticides, 
in particular, the size can he redul-:ed to give much l!10re even 
cover resulting in considerable imnrovenents in activity, X 2 
being typical for insecticides. The biological advantaqe~ for 
herbicide application hy ULV are much less clear but the econ0r.tic 
advantages remain. 

There are sooe interesting imolications for the formul~tion 
chemist when conventional formulations are used at ULV rates. If 
a formulation has been designed so that the final i:;ur fact?.nt 
concentration in 400 litres is 0.05%, then in 40 litres it will 
be 0.5%, and at 4 litres (ULV rate for nrift a~~licati~n of 
insecticides) it will be 5%. !\lso when sor~vinCJ at very l!'W 
volumes it is !X)Ssible to consider re~lacing the conventional 
formulations which ari? designed to be di lutl.?<l with ~-rater with 
srecial non-dilutable formulations. For example, ner~P.thrin 
could be formulated as a solution in an orga~ic solvant instead 
of an erril1lsifiable concentrate. 

The technical requirements of ULV formulations may be more 
stringent for flowables which typically cle>g the soinning disc, 
but it is possible that in t~e absence of any nel?d to and water 
~ore susnensions could be renlaced with nrg~nic solvent 
solutions. 
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ANNEX 3 

ADJUVANTS Ai.~D PESTICIDE UPI'AKE 

l SURFACE EVENTS 

It is '}enerally acce!)ted that pesticide~ crnss the cuticle tn 
enter !)lant tissue by di £fusion. Ficks First L;;.1.., states th~t t1ie 
flu:< (J) of solute is denendent on the r.iermeabi l i tv coP.f f ici P.nt 
(p} and the difference in. concentration.· · 

J = P (Co - Ci) 

Where Co and Ci are the concentrations on the cutile surface a!'ld 
in the ~,,all beneath the cutile resnectively (Fig. l) Flux (J) has 
the parameters of quantity of chemical, per unit area, per unit 
time, e.g. moles !)er square cm J?er second. 

~") Cuticle 

Ci 
~·ial l 

The uptake process can be considered from the point of view of 
the three cornpnoents of the equation, Co the external 
concentration, Ci the internal concentration and P the 
permeability characteristics of the cuticle. This renort is 
cnncerned with the events within the droplet itself and factors 
which influence the external concentration cf solutes (Co}. 

From the moment the spray drorlets leave the snray jet they are 
losing water. The rete of water loss is determined by the W:\ter 
potential differ enc~ between the droplets ( Y( d) and the 
surrounding air (fa). The air adjacent to the snr<iy denosit may 
bccor.te saturated very ranidly so the rate of drving is largely 
controlled by the rate of movement of water fror.t tr.e saturi'.itec'! to 
the ambient air layers. Movement of air by wind or r.t)nvect ion 
wal reduce the thickness of the s;:iturated lriycr anci qre~tly 
increase the rate of drying. The beh;:iviour of formulation 
components within the droplet are influenced by the rate of 
drying and by the ambient humidity. 



- 15 -

As water is lost fron the droplet, the concentration of solutes 
will increase. In the sir.mlest case of a single solute in water, 
the concentration of the solute will continue to increase until 
the saturation point is reached, at which stage the compound 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 tl-tis way, solutes, 
such as rnlar pesticides, humectants and high HLR surfactants, 
can greatly extend the period of drying (Fig. 2) 

Figure 2 

THEORETICAL CHANGES IN WATER CONTENT Mm SOLUTE COtlCENTRATION 

IN A SPRAY DEPOSIT DURING DRYING 

SATUR~TION CONCENTRATION 

Solute concentration 

I 
Wa tc:: content 

Time 

Under conditions of high humidity, some solutes may achieve 
equilibrium when there is a significant quantity of solvent 
rema1n1ng in the spray deposit (Fig 3). For example, many 
surfactants are able to retain their own weight of water at 100% 
ambient humudity. Such a high level of humidity is not 
unrealistic on the surface of a transpiring leaf within the cron 
canopy. Even if the de!)osit does dry out during the ~ay, it is 
possible for it to take •lJ:' water during the evening when humidity 
is much higher. In so~e situations the de~osits mny act as 
condensation nuclei for dew formation, leading to rewetting ann 
possibly re-distribution of the S!'ray deposit rf'!si~1Jes. 

The rate of drying can be mani!'ulated by formul~tion anjuvants, 
for exnmr>le, adding a humectant or high HT.R surfa~tant wit t slow 
the rate of drying and retain ~ore water at equilibrium. This 
can directly affect the untake of the pesticide into the plant, 
because total uptake includes the parameters of time and area of 
contact, as well as rate of movement. 
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Figure 3 

THE EX)U!LIBRIUM PHASE IN SPRAY DEPOSITS CONTAINING 
HYGROSCOPIC SOLUTES 

Stage one, Drying Sta!)e two, E".!ui lihriun 

s 
..,----·----~---------··----Solute concentr"lti::m 

Total pesticide 
-------Ha.0 

s = saturation concentration 

Figure 4 

THE UPTAKE OF GIBERELLIC ACID INTO WHEAT LEAVES 

------A-
....... --------- ~· -----·-----

~t 

Slow uptake 

A = 1\erosol OT formulation 
R = 1\erosol OT + sucrose formulation. 

High hurnectant formulations have two potential effects on untake, 
because they reduce the rate of water loss arrl hold more water at 
equilibrium, they may keep the active ingredient at a lower 
concentration and therefore result in slower ur>takP. ( ~ in fiqure 
4) • They also retain water for a much longer time and th is can 
result in a longer perind of U!"'take eventually givin~ higher 
total uptake (Fig. 4) In hot dry conrlitions, humectant effects 
can i~nrove untake, but the slower rate of !)Cnetration is a 
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disadvantage if there is rain because deposits remaining on the 
leaf are easily washed off. 

Solid phase pesticide may be present in the spray solution. '~ .g. 
atrazine, or may form during droplet drying when the 
concentration exceeds the maximum solubility. U~take froo a 
soluti~n containing a ~reciritate de~ends on t~e interaction 
between the precipitate an:i the solvent complex. If there is nn 
interaction, i.e. the precipitate does not dissolve at all, then 
uptake is limited to the quantity of ~sticide renaining in the 
solution. If t'h.e solute lost by diffusion into the cuticle is 
re9la~ed by re-solution of the solid phase com!'>Onent then it 
beccrnes much more important to extend the neriod of drying in 
order to provide a mobile phase for solubilisation and 
ur>take. During this stage of uw:>take the flux of solute frott the 
precipitate to the solution (J2) becomes the rate liniting flux 
for uptake into the cuticle (Fig.5) 

Figure 5 

TRA.'lSPORT FROM PRECIPITATE TO SOI,t.JT!OPl TO CUTICLE 
r-------- ---""""' 

CHEMICAL IN SOLUTION ( J2 I PRECIP~Tl\TID CHEMICJ\L J 
I 

- .J 
I SOLVEN'T 

JI L--- - - - - - - - -

Jl ' J2 
/ 

J2 = Sl x Pl 

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 = diffusiun coefficient of the solute in the sor;:iy depoGit. 

Dd is not a constant parameter; it will vary with ch~nges in 
temperature and viscosity of the soluti".>n "nrl wi 11 therefore 
change as the co1n1:>0sition of the deposit ch;\nges. Thi~ as,,ect 
can be manipulated by the selection of surfactants, solvents and 
humectants but the measurement of the nhysical nroperties cf 
these solutions is difficult because the i~r>ertant chanqes take 
place when the de!)Osits nre almost ~ry anrl therefore very 
Vi !'JCOUS. 
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The ~ate of solution of solid material is controlled by the 
Dhysical properties cf the ~sticide e.g. water solubility anrl 
energy of crystallization, by the ~hysical ~rcperties of the 
particle e.g. size and shape, and by the pro~erties of the 
solvent. The properties of the solvent can be inherent to the 
solvent or contributed by other solutes. Inherent oroperties are 
concerned only with the solvent e.9. its viscosity and ability to 
dissolve the active ingredient, and can be changed by changing 
the solvent e.g. using an organic solvent instead of water in ULV 
formulations. The inherent properties of organic solvents are 
very imr--0rtant for the uptake of lipophylic coopounds because 
they provide a mobile phase between the ~recipitate am the leaf 
surface. There is no equilibrium phase for these solvents, 
however, am once a solvent is lost by evaYJOration it cannot be 
replaced. ~lternatively a non-drying solvent will give long term 
uptake but the active ingredien: concentration may remain 
relatively l0\'1 and the solvent may be lost from the surface bv 
partitioning into the cuticle. 

Contributed solvent properties are far more comnlex aria ar.ienable 
to change because they are produced by other cOl'lponents in tre 
formulation. Surfactants are especially imt><Jrtant ir. this 
respect because they are known to increase the solubility o~ 
organic canponents in water am can control the viscosity of the 
solution, and even its water content. Humectants am salts will 
also control th~ water content of the deposit and may modify the 
rate of precipitation of the active ingredient during the period 
of water loss. 

The presence of solid particles in the spray deposit introduces 
heterogeneity in the distribution of the formulation cornnonents 
which becones increasingly critical as water is lost froo the 
deposit. Particles in the initial s~ray de!'Osit will sediment at 
a rate dependent on their diameter (0), density (dn), the density 
of the solvent (ds) and the viscosity of the solvent Cry> (Stokes 
L::iw} 2 

V = (dp - ds) g D 

18 '1 
g = acceleration due to gravity. 

The e f feet ive diameter D wi 11 depend on other formulation 
components, such as dispersing agents and electrolytes, hut as 
drying t'rocel'!ds the concentration of tl'\ese components wil 1 
change, the particles wil 1 become more CC"ncentrated a:id the 
viscosity of lhe solvent will increa~e. Initi~l sedi~entation of 
particles wi 11 be random throughout the vo 111me of the drorlet but 
water loss by evaporation is greate5t at the circur.tferencP. i\M it. 
is here that secor.dary !)recipitates will be founc1 (Figure 6). 
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Figure 6 

PARTICLE DEPOSITION FROM A. DRYING SPRAY DEPOSIT 

+ J, J, 
.. ¥"' ""S~· ~ ... . ..... ...... :.·-: .. c a.a.o.o.~.Do. o .. -;,.-.'.·.·=·=- ,fl -- ~-~~---------------------------------------

s 

s = Secondary deposits 
p = Primary deposits 

p s 

The secondary deposits include surfactants aoo humectants which 
means that there is a partial separation of the oarticles of 
pesticide frOl:l the \tater holding components of the formulation. 
The situation is l!IDSt extreme in detxJsits formed frco droplets 
with a l:)W contact angle because the area of these de~osits are 
much greater, leading to wider se~aration of the r.>articles fror.i 
the surfactant-rich circumference. Pesticide in the solid 
particles is less likely to enter solution when there is snati:il 
separation of particles aoo surfactant. 

Deposits on the lea~ surface which have a large area relative to 
their initial volume aoo pesticide concentration have a lower 
quantity of pesticide per unit area. If the chemical solution is 
saturated, this may ~rcvi~e an initial advantaqe because there is 
a greater area over which uptake can occur , but a reduced 
quantity of formulation per unit area can have an adverse effect 
on long term !?E!Sticide uptake. The ability of a surfactant or an 
~umectant to retain water is de'!_'endent on the intrinsic 
properties of the CO'llpound and on its enviroru!lent. Surfactants 
e:.ci:x>sed to l:::>w humidity ambient conditions may not be able to 
retain sufficient water at equilibrium to provi~e a ~obile phase 
for pesticide solution aoo diffusion to the cuticle surf~ce, 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 droolet may reduce the concentration of the 
formulation cor.monents to the rx:>int that the c::rradient of humi:Htv 
is too small to maintain sufficient moisture within thP. de9osit 
to dissolve the active ingredient. 

In conclusion, the changes that take nlace in the snr~y dP.nosit 
as it dries on the leaf surface are comnlex anrl ~t nresent are 
not welt rp1antified. It is clear, how~ver, that formulation 
adjuvants can he used to ootimise the untake arrl distributi~n cf 
pesticides on the nlant leaf surface. 
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ANNEX 4 

;\.~JUV:\;ITS FCR PESTICIDES: 

THE EFFECT OF ~-!OLECUIJ\ R STRUCTURF. on UPTAKE 

C.E. PRICE 

The effective activity of a nesti.ci1e (r·} is the nrrr1uct r: it~ 
inherent activity {a) anc its ccncentrati0r. at the site 0f ?.!7tl'.'"!!'l 

{c). For the purnose of this discussion, t~1e sitt;> 0f ?.r.ti·:m ic; 
..,i thin the l')lant, but str ictl v the site of ;:ict inn tor ri ·~er't'tici~e 
or plant growth regulator is within t~e cell anrl invr.lves ~ 
number of additional stages which may rerluce the effer.tive 
activity. For this reason, high upt;:ilc:e of chemic~l into tl-.e 
:>lant is not always an indicatinn of T':!axii:unr. activi tv. 

Ur;>take differences between different nesticides into the sa~e 
S!'ecies can he im00rt.-:\nt, even t:rcr.:i a formulat ior <lesi.crnerl to 
give efficient overall uptake ;:ind hialn<:Jic::ll activitv (T"lbl~ 1). 

Table l 

THE U?I'AKE OF PACLOBUTP.r'\ZOL J\ND 1-~·!ET~'YL PYRI r.nnn•.1 cr,c:~r r:r:: 

INTO SOYREAN LEAVES 

1-~·iethyl r>Yr id i nium chloride 

Paclobutr"lzol 26 

There is no clear indication of what con~rol5 the unta'<~ 0f 
co~nouncts into a leaf. T~e m~in nr~hle~ with thi~ tvne ~f stu<lv 
is th.-:\t ~ ci1ange to any one nolecular rar~meter autc~ati<;allv 
changes a nether ra raneter, for ins t;incc, 2, 4-C e<; ter het~ r;r e."1 ti:ir 
1 i rid SO lubi 1 i ty th;'ln the Salt h1Jt it -'\l !'=f'l h."1$ 101'1<'?!" W"l t~r 
solubility and higher moleculi:ir wP.iCJht. 

Moleculi:ir nroncrties ~ust fflsn be cnnsidere~ in rcl~tion t0 th~ 
nlant s neci ~:;. The twr:. rel a tee connmmds, '"'"" lnbut 'l'."a~o l ?. nn 
c:1icl"1butr"!zol rlitfcr only bv cnP. chlt")rine '1tf'r.i hut unt.:\'-:~ i~ 
quite different in so~e snecie<; (Table 2). 
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Tahle 2 

THE UPTAKE OF PACLOBUTRAZOL INTO THREE PLANT SPECIES 

Cotton Soybean Cvneru!; r0tunnu~ 

Paclobutrazol 47 26 47 

Diclobutrazol 49 43 16 

(Percent~qe unt~ke ~fter ~fi ~0urs) 

These data come from a series of exJ?eriments carried out unner 
field conditions in southern Spain, in which ten comnounrls wen? 
applied to ten species and uptake measured after 26 hours. !<?0 

single parameter controlled untake but we founn significant 
correlation between uptake and molecular dimensions {four 
3oecies), molecular weight (three snecies) and aoueous solnhility 
(two snecies). Partition coefficient: and liouid solut-i 1 i ty were 
only correlated with an uptake for a single species, Xanthiam 
pennsylvanicum, which is contrary to the widely helci view trat 
2,4-D ester is better for foliar anplication than 2,4-D salt 
because it is able to penetrate into the plant !!lOre effectively. 
Part of the explanation may lie with the for~ulation used for the 
lipophylic and hydrophyilc comPOunns. Highlv water soluble 
co~oouncis, such as 2,4-D salts are usuallv anolied to the ol~nt 

as aqueous solutions containing just enouryh surfactant to wet the 
leaf surface, but lipid soluble comnounds such as 2,4-D ester 
have to be apnlied in e!ilulsions containing solver;t .::1nn 
emulsifiers. Much o: the higher activity of t~e esters can he 
attributed to these differences in formulaticn adjuvants. In ~n 
uptake experiment in 1lh ich 2, 4-D sodium salt anci the i c;00ctvl 
ester were a~rylied in the sa~P. ~C fornulatir.n, the salt fnr~ 
renetrated better than the ester in some snecies (Tahle 3). 

Table 3 

THE UPTAKE OF 2, 4-0 SALT ANO ESTER INTO TFREE SPECIES 

Cor.mounds Amera~thus Cvr.erus Xanthiu~ 

2,4-D Salt 73 34 

2,4-D Ester 59 

Sr.>eci e5: Ameranth11s ret ref lexu:; 
Cyperus rctundus 
Xanthium r:iennsylvanicum 

60 
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The 2,4-D salt 1o1ill remain mainly in tl-!e ::t.l'.Juenus ohase 0f t1e 
emulsion while :=icst of the ester will nartiti~n int0 the lini..:; 
p~ase. This means th~t the imnact of an ?.djuvant 1o1ill nenenrl ~n 
the ::>hysical oror>erties of the cornnound as well as the r;=tture 0f. 
the r>lant (Table 4) 

Table 4 

TflE EFFECT OF SURFA.CTA~TS on THE lTP'!'~KE CF 

ETHIRIMOL AND PERMETHRHI I!'TTO LEA"ES 0F ORJ\NGE 

Surfactant Permethrin Ethirir.tol 

Synp.eronic A2* ao 36 

.. A7* 68 65 

.. J\20* 31 40 

*2,7 or 20 {X>lyoxyethylene tridecyl ether 
1% cyclohexanone was ~resent in the permethrin for~ulaticn. 

It is clear that u~ta~e of r>ert!lethrin is strongly favoure<l cy the 
•1ery low HLB surfactant Syn!)eronic A2 while 1\ 7 is ~et ti:-r frr tr A> 

more water soluble ethirir.101. The log oartitic!"l C"'f ethrirnol ii:: 
2.2 an<l if 1% cyclohexanone is added to the aouecus for~ulati0n 
it behaves more like ~ermethrin in its resnonse to surf~ctant~ 
{Table 5). 

Taole 5 

THE EFFECT OF SURFA.CTANTS m.r THE UPTAJ<'E OF E'!'f-f! RI r-'O[. 

J\ND PERMETHRI!'-T FORMULl\TED WITH 19; CYCLOHEX.l\:"lONE 

Surfectant Permethrin Eth irinicl 

Synperonic l\2 20 ni? 

" A7 6A 5::; 

II A20 31 28 

Unt-?11<e into oranc:;e leolves <!fter 26 '10urs. 
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Uptake data obtained after a single time interval can ~e 
l!?isleading hecause sliort term effects are not alt-1ays r°-lat~ tc 
the long tern total Ul'.ltake. Hiqh HLf't surfactants such as 
Svnreronic A20 may act as humectants anrl ~na~le u~ta~e to 
continue for a longer period because water is retain.,,..C in the 
dencsit. More surorisingly Synoeronic A.20 can alsc rrolc-ng t~e 
upta~~e of water ir.solul:le r'ermethrin in t~e "drv" r'!~t')()sit (':'~"'~e 
6) • 

Table 6 

THE UPTAKE OF PER.."!ETHRIN INTO IPOMOEA AITER C~iE Mm ':'H?EF r/\YS 

Surfactant Percentage uotake Percentane 

l day 3 days increase 

Synperonic A2 64 70 17 

Synperonic A7 56 66 23 

.. A20 47 70 43 

* Percentage incre;:i.se = Day 3-Day l x 100 

-----------------
100 - Day l 

2,4-n ester is an outstanding examnle of an active inr.rerlien~ 
that is conj•.ic;ated with an inert cornround to nro<luce :l ~(')n~ 
~ctive co~pound. The ratinnal behind this ~onificatin~ 0f ?.,4-r 
is that the more lini·~ soluble ester wnul~ !'len~tri'\te tlie lp;if 
cuticle more effectively, though we hAve seen thi'\t thi~ 
es~lanation may be an oversimplification. The 2,4-n ester i~ n(')t 
hiolagically active but must hydrolyse to release t'ie active 2,4-
D ion. The ester may 'Jndergo chemical hyl'lrolysis hut is morl') 
likely to be hydrolysed by esterase en?.ymes locate<l in the 
cuticle or in the cell. If cell untake is r>assivP., the lini1 
soluhle ester shouln cross the eel 1 memhri'\ne more e.:is i l v t:hi'ln thP. 
salt because it can P.sti'\bli~h a much hiqher cnncentt"i'\ti''" in thP. 
r.iernbrane. If it is then hy<'lrolys~ri in t'.ie cell t'ie salt for!i ic; 
less able to diffuse out. Th is scheme is cnmnlic~ tl?<.1 hv t'ie 
~resence of an electrical rx>tential gr~dient acr0~s the cell 
membrane, the cell being as much i'\S 150 mv ~ere neryative irsicP 
cor.qiared with 0utside. The effect (')f this char<Je on the 
distribution of ions is given hy the Nernr,t equation. 
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·:- -· -~ ...,...,~ti.on 

E = 
R = 
T = 
F = 
z = 
Co = 
Ci = 

E = ?.T 1~0 (Co/Ci) 

zF 

cell octenti.al (~illi volts) 
gas constant 
absolute ternner~ture 
Fa rarlav cons t.:int 
v~lency o~ tl,e i~n 
crncentratioP cutside thP. cell 
concentr~ti~n insi<le the cell 

At normal tP.mnera tu re and pressu!'e ~T = /.5. 24<.? 
zF 

Ln {Co/Ci) = E.z 

If rotenti.al is - 150 mv ann valency is !. 

Ln (Co/Ci) = 150 

25.249 

= 5.9 

CC'.'/Ci = ~y,, 5.9 

= 38C 

This ~ean!'! that for an anicnic nestici~e ~ur.'"' as 2,4-r. the 
external concentrati~n will b~ 380 ti~t?s qreatP.r t~~n ~~e 
i riternal concentr~ t ion. The reverse i o; truP. nf C'i t i~ns •·1ldc'~ 
."l~hieve J,iqh!?r c0nccrntr.:iti:Jns It!Sil:'E the eel! at pquilibrium. I& 
the above calculations are annliec'! tc a cHvalr-mt catimi snch a~ 
oara~uat the intern~l concentr~tion ~ay in thP.orv ~e 100,000 
times greater than the external concentrati0n. 

Ci/Co = ex~.(5.5 x 2) 

= 144590 

Such concentra t ior. ratios are nP.ver n0r..,i'\l l v ac·h i. ~vec1 rl'ca11 o;P. 

'?ara'Jn~t rapidly destrovs thP cell MP.mbrr.int?. The rarii:i 
herbiciaal action of nar;i<'fui'tt is a !'l'lnjnr C;\1l~t? cf its nn<"'!' 
t:r;inslncati~n, ~ncl forTlluli\tir.ns h;iv~ hef'.'n n~r!n cnnti'iining 
r,hotosynthetic inhihit01'."<:: sur.li i'\I; rHurcr, wliich in t:hf"t"'rv s..,rrnln 
reduce the r.ar;i<"!uat action 111l~ich is c'!enc?icfor.t r:r. nh'1t('\!'1Vn~hP.3i.!=;. 
Ho~1ever, such f1.1rm11liltions l'iave rot imprnverl ri.:ir"lourit 
trans 1.oc"'l t ion hecau!;e when na rariua t herhicin() l ~r:t i.~n is r.ednr.P.n 
it is ar.cunulr.i.ted hy cells "'nn th<?rnf.0re i~ still 1Jnahle t:c 
translocate. 



.. 
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Attem!"'ts ~1ave i:-een rn.ac~ t0 a· 1 r.trP.r caticns, tn ir.:nrr,ve 
':lar"'tr.uat translr-c-'lti0n (~"'l~le ;1nc'! thi.::: is nne r.~ th13 ~P'-' C?~i:>c:; 
wl~ere cati::>l'lic surfact~nts ca!'l ~VI? frinrovec activity. 

'!'3ble 7 

Treatrient snlntion 

-3 
r>araqua t 10 ~-! 24 

-3 .. + chnli nP crl0dde lC ~~ 31 
-3 

II II + ~c 10 M 55 

Relatively little work has been done on the rel;itionshi~ hetwe~n 
molecular structure, plant s:ieci e!3 ann formulf'l t i~n unt;:i~~. It is 
"in area of great cn~nlexi ty but it t"av he the 0nl y ·.·rav we •-1i l l he 
able to explain exaccly ~1at controls uDta~~ and translncati~n 

anrt what nodification car. re made to the formnl;;i.tinn in orcler to 
optiMise activity • 
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ANNEX 5 

THE FREDERICK INSTITUTE 

SEMINAR ON 

"CURRENT THOUGHTS AND FUTURE TRENDS IN 

PESTICIDE FORMULATIONS" 

Date: 

Venue: 

April 5, 1986 

Fippat, Padappai 

A G E N D A 

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 

12.00 to 12.40 

12.40 to 1.15 

1.15 p.m. 

2.00 to 2.40 

2.40 to 3.40 

3.45 p.m. 

4.00 p.m. 

• 

p.m. 

p.m. 

p.m. 

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 
0 esticide Formulations 

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

Lunch break 

Dr. Price - Bio-efficacy of formulations 

Dr. Khetan - Design of Pe~ ·=ide Formulations 

General Discussions 

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

A N N A U N I V E R S I T Y 

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 POPI and Director, R & D Hindhustan Insecticides Ltd., Gurgaon, 
New Delhi .••. Ph.D (Organic Chemistry, IIT, Kanpur), 
Spe~ialization: Pesticide formulation designs. 

2. Dr. Wade Van Val~enberg 

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 

~adras 600 025 
Tel.: (044) 414240 

• 




