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INDUSTRIAL RESESRCH AiD DEVELOPMENT
RETROSPECT AND PROSPECT .

S.F., Laurentius

 Deputy' Director (Research)
Ceylon Institute of Scientific & Industrial Research
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#While the pist two decadec have seen scores of industries
springing up both in the public and private sectors, one must not assuae
that industrialisation in Ceylon is 2 recent phenomenon. If an industrizal -
payroll is taken as an indicator of the size of the industrial sectgr,
then Sri Lanka his had a sizable industrial sector for well over scventy-
five years. Industry certainly is not of recent origin. What is new is
industrial diversification with its concouitant social upheavals.

: Another misconcept that may be current is that Applied
Sciéntific Research is new. This is also not so. The first organised
attempt to carry out applied research came froa the Tea plantation sector
with the setting up of the Tea Research Institute in 19206, followed soon
after with the Rubber and Coconut Research Institutes. As the country's
major ineocue was derived froa these exponts there was a perceived need for
research and developaent in these fields for miintaining and iwproving
‘yields and quality of the cxport products, s well as for keeping costs of
production in line. It bears stressing that those engaged in these industrics
were awarc of this need and the research institutes came into being to satisfy
" this need.

One may well pose the question =ire industrial research .and

applied. science intimately linked %o industrialisition leading on to econo.iie
develop@ient, or can one exist independently of the other? There ire many of
us here today who know 111 too well — and ruefully at that - that under 2
certain set of circumstances, industry can be set up in a country without =my
reference to indigenous science. e have seen it happen. Foreign technoloszy
and know-how is the base for most of our industrial ventures. The continuxt-
ion of these industries on a viable footing therefore reguires continuous
dependence on the foreign source, wut. where foreign exchange is in short
supply as today, these industries, especially the science based industries,
‘have to fall back on local science, at times aerely to keep in operation - -
let alone grow. "Yhile industry can ve started without the cxistence of a
local applied science base, indigenous industrial rescarch and developuient
can make no contribution to econocuic developuent unless a viable industrizl
sector exists which is receptive to developaent, innovation or changes in
techniques originating froa local industrial research institutes. This waz
so in the plantation sector where 2 perceived nced for research and
developaent took the form of a comaercial demand. Unless this environaent
exists, much of the efforts of any research inetitute would Le fruitless.

. Being traditionally an agricultural country ind exporter of
processed or semi-processed raw sixterials to’ the industrialised countries,
one nmay have presuwaced that the 1614/1L war-tine scarcities arising froa our
. total dependence on imports of aanufacture for both capital and consuaer
zoods would hive epurred us on to soumc semblance of industrial activity.
However, this did not happen. Perhaps being part of a colomial empire
there were no stirrings at any level on this question of industrialisation.
W7ith the introduction of the Donoughuore Constitution in 1931, industrial
developuent, for the first tiac, became' a function of governaent under an
clected winister., Even so, progrecs in the field was painfully slow and
the enly tangible outcoine was the proposil mcoted for the establishaent of
3 ‘ecoir yarn factory both to serve as. a model and to appraise the publie
of the possibilities of industrial developuent.



—2—

The ecstablishient of 2 separate departaent of Coumerce and
Industries in 1930 marks the first concrete step towards the mdustr:..xl
developaent of this country. The functione of the departmmt 'nere\.
listed under the folloulng heads:

1) the establishament, mintenance and cupervision of factories

2) thc establishaent, maintenance and supervision of industrial
centres, workshops and schools

3) the imaintenance of industrial iavestigation and resea.rch

L) sales develcpuaent and accounting in respect of the depart—
aent's factories and industrial centres.

itith the outbreak of the Second ierld Har in 1639, a sense
of urgency was imparted into the need for industrialisation and following
on the rcport of lir. Guha who zerved as Ceylon's Technical Adviser on
Industries during 1934/39, steps were taken t¢ draw up plans for the

axufacture of plywood, glass, loather, acetic acio, drugs, paper and
cenente.

Wiarch 1940 brought our first contact with the late ir. D.H.-
2aifour, Director of Coumerce and I ndustricc ag well as our initial
exposure to applied scientific investigation. de were offcred euaploy~
@ment as temporary research assistints on 2.3/= per day and asked to
report for work at the Old Riilway Horkshop, ifaradana.

Three of us reported there for work one ionday morning. It was
an old dilapidated aetal-clad building, glqgomy, with metal serap lying
aoout on an umpaved dirt floor. The buildinz was sbout 100 feet in
length and at the further end there was 2 lonz taole on which were soue
£lass beakers, burettes and pipettes, and odd reagent Lottles. There was
3 group of about O workmen who, I suppoese, were woenderingz what we were
up  to. We were in this placc close to aoet an yoear and here we were
told more auout the production of acetic acic frola coconut shells uy the
Industrial Chemist. It was our first close look at 3 retort for
cestructive distillation and a fracti.nating column.

The facilities for experimenial werk were linited and the.
available literaturc was aeagre. With these liaited resources we set to
- work on 3 continuous streau of ideas which kept flowing from ifr. Dalfour
ccvering a wide range of investigations. Onc of the officers was assigned
work on the hydrolysis of iianna grass for recovery of zslucosc. The
hydrolysis was carried out in an autoclave and the resulting liquor-had
.tc e tested for its glucose content, This had to be taken to ifuttish
itoad where a laboratory had been set up oy the Departmoent.

Amonz the investigations carried out at the O0ld Railway Jorkshop
preaises were the separation and rectification of acetic acid froa pyrolig-
neous acid obtained froa the dry distillation of cooconut shells, rapid
pulping for the manufacture of paper and fire proofing of eadjans. In
recard to the rapid pulping process, representatives froa the Dalmia Paper
iills, in India visited Ceylon for a study of the process. '

Towards the end of this period, =211 the applied- scientific

aetivities of the Departuent of Industriec at the 0ld Railway orkshop

were wound up and were transferred to the laboratory at luttiah Road.

‘le really had the conventional laboratorv Lienches to work on and tables

aad chairs as well as stools to sit on. The resources: provided for uork
were glassware and chemicalc with hardly any instrumonts = rendéaberin;: the
instruaentation 30 years ajo_» and<¥ery littlo literature.. We.also hiad work-
shop facilities for fabrnicatin: cquipient. - hat was aonzin , looking Lack

on thoae yeamrs, wore the ﬁmc*; of investigations undertaken by the siaff
uhich had sradually been siren;thened to slout ten.

Studies on peat, production of yhite ceaent from rofined kaolin,
farfuraldehyde frou asriculturel waste residues, rubber seed oil, ilaenite
fugion, retting of coir fivre, nutueg oil and nutueg Lutter, caffeine froa
tex yaste, glues for plywood, condensed coconut ailk, asctivated earbon
fron coconut shells, eloctrolysis of anmoniscal sodiua chloride using
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~zinc and iron clectrodes, distillation of essential oil, were all taken
up for investigation at various tisex. Unfortunately alamost all of the
reporfs and records of  this cra have ueen destroyed or misplaced.

“pay I dilate further on one particular investigation. uith
“which I was closcly associated — - the production of acetic acid from
coconut shells. & small scale process had been tricd out and the results

outained were encouraging. The steps in the process as worked out then
weres ~

a) Dry distillition of coconut sholls and condensation of
nyroligneous acid vapour - ;

5) Separation- of liquor and settled tar

c) Salting out of the pyroliinecus liquor with iaS0,. This
~ threw down the diseclved tar together with the aéetic acid
in the pyroligneous liquor
@)  Fractional distillation of the tar for concentration of
acetic acid, ' '

. If not for thec exigencies of the war, it may Le that wore
laboratory studics would have been carried out, as well s pilot plant
trials before proceeding to commercitl preduction. ads it was, a decision
was taken to fauricate. a plant for the distillation of 10 tons a day
of rooconut shell together with the nceecesary vondensers and distillation
colurm for production of pyroligneous 2cid and recovery of acetic acid.

The erection of this plint wac a reamarkable feat of ingenuity for
every itea of eguipment had to ue fauricated loeally or bought 2t second
hand. In spite of all these handicaps, the plant was commissioned and
within 2 fow weeks, wer ran into troale. e found that the salting out
process had 3 nuaver of in-Luilt limitations which had not Jean tiken into
sceount when it was first considered 3z 3 process for ceparation of acetic
acid froa pyrolisneous liquor. Je were coupelled to mke a closer study of
the relition between concentration of the lig 30, solution.and the degrce of
salting out. A further problea arese in that the heating systea of the
distillition colum was fouled within & short period of operation with
consequent drop in heat input inte the gysten. 3

Despite all these probleas and by repeated changes in the
operations, acetic acid of G0 concentration was produced and gold to the
rubber producers ind the project contrived to keep its head a1uove water
finaneially. Uith the end of the war, however, the price structurc Sed
considera.ly with the free import of 2cid and the losses started to wount

until in late 1953 the decision wic taken to alandon this project.

\hile this manufacture lilmed along to its close, the
Industrial Rescarch Liboratory wzg » hive of activity. The investiations
referred to earlier werc being worked on with lir. 3alfour as the chief
aotivating force uchind all the sctivities. He, inm the laboratory were
in a1 wayy the elite of the departuent ot that time, for ghe Director wis
as auch in the lasoratory as in the office.

X The liinister for Lau. Industr; and Coisierce in the 1840/41
budget specch on industrial poliey .aade reference to the need for triining
"It was necessary that suitable pérsonz should e selected for trainin,
abrosd in certiin specialised inudstries. For this purpose ppovision had
been made for imdustrial scholurshps”. It was mot until the end of the war
that this proposal was put into operation. = Coumencing Septeaber 1945,
officers froa the Industrial Research Laboratory were sent auroad on
training to various universities Loth in the United Xinpdon and the United
States.,



Despite all the enthusgiasa and drive of lir. 3alfour which
struck a responsive chord in the officers, the I.R.L. really was avle
te wake little iupact on industrial developuent, The operational
faicilities were very liwited and the work wis ore on the Lasis of
"let®s try it" rather than on a planned approach based on specialised
mowledge. Its relationship with the private industrial sector uas
2lzioet non-existent and the governaent plans for industrial developuent
had little iawediite reference to the prograaiie of work of the lasoratory
or vice—versa. adaittedly, the staff was fresh cut froa university with
no experience of industry or its reguireaents, and at that pericd of
tiae, little or nc assistance of industrizl significance could have seen
fortheouing from the lasoratory for iamediate application. Even if
ai;nificant results of practical value did uateriilise, there was no
crzanised mechanisu available to take any of the results beyond the
izooratory wench.

. Extracts froa the estimates of the Departaent of Industfies
for the years 1943/LL, 1944/L5 and 1GL5/45 are indicative of the support
forthooning froua governuent for industrial research and investigation.

EETIMNATES _
COLLERCE % INDUSTRY 1CLh=46
Head = 101

Description i = ' i
‘ 1943/44 1964/45 | 1945/40
Expenditure on Ind.
Research - sul~head 13 37 1s. L0, G00. 70.000.
Investizations %z Rezearch’ 2 ; :

' sui~head 14 : 10¢,54%. 170,000, 550, 750
Coanerce % Technical ‘ :
300&3 '?ﬂ ?eriodICJls 1,'\20\".“-. 2,400. L{,.Om-

- Coaaerce & Industrial X
~ SChO]._’lr'Ships 5,2.110 . 25,000. 35,“:“-
Personnel Euoluaents :

Principal Research Off. ' P 24,000,
. Metallurgist ' 24,000,

Specialist on activated . S

: C:u."-JOn I lc"(_ml

Industrial Engineer 7,410,

Asst. Industrial Eng. 4,045,

Industrial Chemist &,u00.

Senior Res. Officers : 4 3,?&0.

Research Assistants . 3,640,

Assistant Cheaists - 13 M,}l&O.

Daily paid Research _

Cheaiets — teaporary < .30,000.

Jesides the experts we already had on quinine and leather, other
experts were coaing in to report on the sstting up of varicus industries.
lir. 3alfour retired froa the post of Director of Industrics and something
went out of the I.R.L. 3ut Ly now facilities had improved, permanent
gcaff was availaole, including a head for the lauoratory, and nlanned
wyork wae oeing undertiken, Lut the IRL was jast another governaent
activity outside of its industrial developazent plans. Aas ancd when the
IRL offiders returned to the country after cospletion of their prograaane
of study, they were drafted to the Plunnin; Division of the Departaent
€ill a situation arose where the IAL was fimctioning with a head, soue
three cheaists and four lacratery assistants.



This situation really preszged the Ueginning of the end. The
ovituary of the IRL was written by the I3RD Team who wvisited Ceylon in
1952 to report on the ecconoaic develcpuent of Ceylon. "Some years ago
the governnent atteupted to initiite 2 form of applied research for the

developaent of industries and the activity was officially recognised in the

name of the lidnistry of Industries, custrial Research anc Fisheries.
Laboratories were opened in Coloauc uncer the supervision of this " uinistry -
and are still opur;tln Unhappllf, they conduct no research, but are

occupied with routine analytical aatters. The lasoratories are handicapped
oy all the prosleas inherent in Lureaueratic control”. They therefore

made the following recommendation: "Ceylon nceds an effective organisation
for applied technieal rescarch - notﬁln of the sort exists now. Te have scen
that such la.oratories as are operated .7 the government serve other viluaule
.ends but are not suited to the conduct of original investigation. For

Ceylon's 'purpose, what is required iz 2 special type of institution enjoying
governaent co-operation, wut free of ou riright povernmental control”.
Followinz on, the iission put forward the proposil to set up the Ceylon
Inctitute of Scientific and Industrial Research as an autonouous institute
governed Ly a 3oard of Directors, financed partly froam government funds and
froi feés earned vy selling its services to clients. The governaent

accepted this recomacndation and introduced legislation to set up the Ceylon
Institute of Scientific and Industrizl Research. The Institute was fermally
set up on lst [lay 1955 in rentced preuises with a staff of O research officers,
all drawn froa the staff of the Industrial Research Lavoratory, one Cilef
Research Officer, 4 research assistants and & workshop staff.

* - The Imstitute is now in ite eighteenth year, with 2 total staff

of 192, of which G5 are on the technical side. It hag an excellent scientific
staff, a well stocked and up~to-date lisrary, fairly well eguipped lalorat-
ories and workshops with a floor space of 43,700 sq.ft. and its current
operational Ludget is ks. 3,500,500/-. e have in one location a collection

of gkills and cxpertise that would .e difficult to duplicate or lacate any-—
where else in Ceylon. Our progranze of work is largely -ased on investigations
inte the use of local raw .aterials, iaprovesent of exigting technology for
procescing of our raw materials, finding alternate loeal raw wuaterials for
_dmported raw umaterials, testing of = variety of industriil raw materials

and finished products, providing advice and information to industry on a

wide range of topies and also providing training facilities, aloeit limited,

st post=graduate and other interuediate levels.

Some of our investigaticncinve resulted in commercial application.
Among the emrliest of such investigatione resulted in the developaaat of a
process for the Lottling of coconut toddy. There are now 2 nuacer of Srands
of Lottled toddy 21l using the saze CISIR process and this has teem extended
| to palayrah toddy as well. The existence of the various centres for
conversion of pilayrah-juice into jagfers and sakkarai is the result of
the work done Ly CISIR on the production of sugar fron coconut toddy.

+  CIZIR in collaboration with the Dry Zone Research Statiom at
flaha Illuppallaaa has wroupght into commercial production and acceptance,
another essential o0il - Lewon Grass Oil.' We have set up two prototype stille
for the distillation of essential oils from the pgrasses with financial
assistance from the ilinistry of Pla.tation Industries. These are awre
efficlent, costs of fabrication are lower than the conventional stills,
and do not depend on!the avallaullltj of large quantit1es of water for
efficient condanaatzon.

The work done by CISIR for Paranthan Chenicals has made. it
- possisle for Paranthan to plan for ezpansion today. It wae given a new .
leage of life through the work of CISIR. In addition, a process for the
acnufacture of potassium chlorate ueing part of the availatle chlorine
was also worked out for Paranthan Ly CIaI?.

*



For the first tiae in Sri Lanka, mill seale trials on pulping :
of poser wood were carried out at the Paper Corporation uills at Valaichenai.
i, ser wood pulp has ueen o topic of discuseion for o nuager of years, and
these series of experiuents demonstrated that paper could Le produced froa
~ne hmdred percent rubber wood pulp. liuch work has yet to Le done to solve
the technological prouolens which were encountered, oefore it can e wrought
inte comaereial use, but it has ueen shown -7 cur work that this aerits
f£orther investigation. '

The asnufacture and sale of caricnated tea by 1 process developed
-+ CIZIR is under licence frow usz. Je have zlzo licensed a local manufacturer
s ezoloit a CISIR patent for the manufacture of rusber latex emulsion paints.
i%euice mwe have gold to the Steel Corpordion, cur process for the production
-7 irire drawing luoricant, which would substitute for the iaported product,
hile 2 locally prepared stamp pad ink for the uze of the Postal Department
Zeo substitutes for the iuported material. e have also coumpounded 2
finzer print powder which the CID now uses ingctead of the iuported product.

In the pipe line, needing further work for commercial exploitation
o> awaiting commercial exploitation, ie prodaction of sodiua alginate and agar
fos2 loeally available sea weeds, welding electrcodes, coconut cream, zlucose
-2 other products from cassava. Investigatione under way are cn the use of
comocite flours for uread, production of road »iints, aromatic.derivatives
from locally produced essential oils, refined papain and upgrading of graphite.

This Ly no aeans covers our work in its eatirety, wut it does give
<54 an idea of the priorities we have st up in foruulating our brogramde of
isrin. e pake no clain that our programme of work is totally relevant to the
»izried industrial cevelopuent of the country and that our pricrities bhave
-ean correctly set up. Thie is difficult fo ensare in aeg wuch as we do not
nzve full and coaplete dialeogue with the Plannere.

A proulem which has loosed iarge is the difficulty of guickly
~Ac ceonoaically acccaplishing the transition froe science to technology and
fror technical ifeasilility to econouic feasiiility. This is the provlea of
“he interfice. The traansition froa research tc engineering is one of the
et ¢ifficult prosleams and we have az yet no satisfactory solution to this.

e have however had our fair share of provleus and the full
~otential of this lational Applied Research Institute has yet to ce developed.
Durinz the first five years of its existence, the ohilisophy underlying the
c-aration of the institute was essentially materialistie, The institate had
no cverall research programme foraulated in teruc of national developuent.
% the commencement the Institute did take over from the Department of Industries
cix umcompleted projects in various stages of cevelopaent:

1} HNew vegetable oil sources
ii) Isproved desiccation of coconut
iii) ilianufacture of hardboard froa coir waste
iv) Improved yields from citronella and cinnamon
v) Rubuer compounding
vi) Factice from rusver seed oil

“ut the eaphasis was on projects which had poegioilities of process or
sroduct developaent for recovery of costs. The main objective was financial
gelf-gupport. :

I It became evident that such a policy wae self~defeating and was also
not compati_le with that of 2 mational orzanigation. The nmarrow view of gelf-
cupport and independence had to give way to Lroacer oljectives and the assuaption
of heavier respongiuilities in keeping with the inage of the Institute as 2
Lntional organisation. As the only jndustrial recearch orzanisation in the
comtry, it is imcumbent on us to undertake a programie of regearch and
fevelsnuent having a Learing on the needs of = nstion rather than concent-
=~tin- on the needs of indivicu:zl éntreprencure or private sector interests.



Unfortunately, after the first five year pericd during
which governaent made an annual grant of Rs, 1 aillion to the Institute,
this source of funds dried up. The consequences of this can ue imagined.
Everything slowed down or caie to a halt in an atmosphere of uncertainty.
The morale of the staff was affected »nd once the rot sets im, it is 2
long haul to get wack the feeling of security. In 1660/€1, the Institute
wis not provided any financial support froin governzent, nor in 16€1/G2,
For the next four years the grant ran at i 750,000/~ per year i.e. frou
1962/63 to 1965/G5. This year the grant amounts to Rs. 3,521,000/~

Various policy decisione.of the government = two in particular -
~ the first ueing the transfor of the Institute frou the llinistry of :

. Industries =nd Fisheries to the ilinistry of Housing and Seientific Research
weakened the relationship between industry, both in the private and '
puilic sectors, and the Institute. ‘e have now gone pack to the Ministry
“of Industries and Scientific Affairs. Tae second policy decision crexted
a new orpanisation "the Industrial Development Soard” funetioning under
_the ldnistry of Industries, which further weakened the position of the
Institute vis~a-vic industry - small industry in particular. Hhile it
was intended that the Industrial Development Board and the Institute should

- work in close co~operation, in reality the co-operation waz of a tennous
nature - wade more so Ly reason of the faet that the two organisations
woth charged with assisting industry were under separate ministeries.

There has moreover been = continual change in the emphasis
given Ly successive’governuents to the Institute as a couponent of the
infra-structure for industrialisation. This continual shift in euphasis
cannat iake for stability with clear cut oujectives and the direet
consequence of this has been the lack cf long tera planning in respect of
staffing, staff trainin ‘and renewzl of facilities. Industrial research
S institutes uust of nccessity be staffed with the best qualified staff at

all levels,for an insvitute cannct fonection successfully with staff
inferor to that of the organisation it expects to advice. In order to
e reasonavly relevant to thesociety in which it exists, a _national
reseatch institute must constantly reneu its facilities Loth of uen and
equipnment . '

With increasing support frem governuent, we now have the ueans
to emoark en a plammed programme of recruitaent of staff. Training
faicilities are not 21l what we need nor is remewal of facilities.
These requireuents have ceen severely curtailed due to outside const-
raints. The sane outsicde constraints however have made industry more

aaenale to the proposition that ®n Institute engiged in industrial
reeearch can be of  value. In other nords, industry mow is aware of
a perceived relation between indigenous science and technology and the
developaent of incustry. This need ic now felt vy industry, especizlly
ay science buced industry, despite the dependence of local industry Goth
in the public and private gectors, on izmorted technology and know=hoil.
Just as in the case of the plantation industry which recognised the
need for applied science to waintain znd improve the quality of thier
products, and maintain their coipetitive position in the world markets,
so it is now with our other industrial enterprises who have cowe nearer
to accepting that local science and technology can provide then with
the weans of solving soue of their immediate problems and of even
3 :  ensuring their long teram vialility. For only a genuinely viable
industrial sector can make a useful comtribution to ecocnonic develop=-
went, and applied research is one of the inpute without which the
contriiution of industry to cconomic developaent would at Lest oe
: marginal.
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3rd July, 1973.

RESEARCH IﬂVESTiGATIONS IN THE SALT BAStED INDUSTRISZSS
OF BSHI LANKA ;

o s e

When I was invited to speak on research in the salt and salt-
“based industries of Sri Lanka, 1 was very diffident about it hinceS
no bagic research had ever been carried out, to my knuwlédga, in :
this field in sri Lanka. However, & fair quantity of ad hoc applied
research has been executed over the pagt three dccades under some- -’
what trying conditions gnd in rather sporadic fashion, and I feel -
it may be interesting to mention very hru;ﬂy the main itens of

such work.

" In tho field of salt itself, thero is hardly any published
literature of real value and, apparently, we are expected to purchase
know-how from abroad. It is small wonder therefore that we were
compllledato carry out &U¥ own investigations duplicating researches
carried out elsewhere as was discovered much later om. The following
items of work singled out here as worthy of mention, should be

noted in this context. Also, since my time is very limited, I am -

unable to give any details Lere.

8) The benetidatiOn of -saltern gypsum including use of flotation,
and the manuxacture of plaster of Paris from such gypsuc including
autocla?ing methods.

b) The nanufacture of black-board schcol chalk hoth white and
coloured, Ceylon Botent Mo. 3587 on 'the manufacture of uniformly
coloured casts of plaster of Paris or of other dehydration product

of gypsun' wag taken out on the-results of this work.
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¢) Investigations were also carried out on the strengthen-
‘ing of plaster casts using resins, particularly water-

saluble resins. : .

d) The recovery of magnesia from sea brincs and bitterns.
The magnesia precipitates out as a slimy highly hydrated
flocculent precipitate that is difficult (and expensive)

to filter and wash to en accepthble.pufity. fhis piece of
work discovered that if the magnesia was sedimented to &
thick slimy sludge and this sludge was frozen solid,
subsequent thawing resulted in the nagnesia being conver ted
to a conparatively coarsexy cryétalline and easily filter-
able condition.

@) The manufacture of magnesium carbomate fron sea bitterns.
The basic process is very elementary but the snay lies in -
obtaining & product conforning to required specifications -
especially B.P. standards. : : ;

f) The manufacture of nagnesiun sulphate fron sea bitterns.
The basic process consists of concentrating the bitterns in
geperate ponds and then chilling the concentrate whsn_a ; :
very crude uagnesiun sulphate deposit forns. It is fairly
sinple to obtain a fertilizer grade of nagnesiun sulphate
frou this crude deposit. It is not so easy however to cbtain
B.P. graga material, Re—~crystallisation and iha use of 60%

ethyl alcchol can achieve this end.

'g) The manufacture of gypsun, potassiun chloride, magnesia,
magne siun chloride, célcium, ahllenindech Mranid ifterns tterns
in en integrated prooess. The bittorns after remeval ef

sulphate as gypsun by addition cf caleium chloride, can be

v
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processed further to obtain deposits of carnallite (and thence
potasgsiun chloride) and the residual nagnesiun chloride
reacted with lime to obtain nagnesig and calciun chloride.
The basic chemistry is simple essentially, but various
difficulties are encountered in practice, Thus, the addition
of the theorattaall quantity of ca],;c:lum chloride results in
only 80% of the sulphate in the bitterns precipitating out
as gypsum. Again the gypsum precipitates in a very fine,
almost slimy, condition which cre.ates t!ifticultios in
. filtration and washinu.

h) The desulphation of sea-water itsolf’ using calcium chlo-
ride was investigated, along with the effect of cuncentrat-
.ion of the de sulphated sea water. Here again, the increased
solubility of calcium aulpb.ate cropped up.:

' Althuugh these investigations into the tanufacture of
Sy—praducts were carried out, it became cle;at.'_ that success—
ful commercial manufacture depended on the scale of manu-
facture, and could b_e. considered seriously only in the case
of large salten;se_wi.th & capacity of at least 100,000 tons
per annun. ' o . : . -

1) In order to arrive ar a correlation between absorption
of solar radiatjon, wind speed and the evaporation rates
of brines of verying densities, the viscosities and yapour
[peassure .of the different brines were determined, at

different temperatures,

J) The use of submerged combuétion in the production of
refined salt was 1nvest1gatad and it was found that this
process could be used with advantage for small-acale
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panufacture, say, less than 10 tons/day. The use of suhméfg—”
wd combustion is now being investigatéd for the evéporation
of bitterns and the simultanecus production of a grade of
refined aalt: We are alsc investigating the,uae ur this :
process combined with wetted wall evaporation, again fﬁr
produétion of evaporated salt. . '

k) Since solar efaporatiun of brines depends on absorption
of solar radiation, it would be logical tu attempt to
increase the absorption effect by the addition uf dyes.

A suitable dye was found to be Mephthol Green B as had been
tried out by Dr. BlomB in Ispael for the manufacture of
potash from Dead Sea brines. Trials have been conducted at
our salterns using this dye, and the nethod has been adopted
as standard practice. Now nigrosine-based dyes are being
tried out. '

1) Nermal solar salt entrains & substantial amount of mother
liquor due to the 'hopper! shape of the salt crystals formed
under‘conditions of normal solar evaporatlon; Mciification
of crystal habit using nangenous sulphate wes tried cut

and gave very good results. This procedure too is now being
adopted 1henaver a purar or drier salt is desired, :

o) A curious pbenomeﬁon was observed at some of the private
salterns, particularly at Nachchikalj Saltern, in the
Puttalan district, in 1968. Salt apparently did not forn

in the szlt pans and appeared to be hindered in gone nanner.
by a jelly like substance in the pans. At oAl requast;

pr. N.N.De Silva, then of the Dept, of Biological Sciences,
at Vidyodaya University, investigated thié problen.

.
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In some salt pans ét. Nachchikali, the entire bottum and
gides of the bed were covered with a pale brownish red
jelly-like substance to a thickness of } to § inch. Micro-
scof:ic ekam_.natim showed that spall almost perfect crystals
of salt hatll forned in the jelly. The investigations pointed
to the conclusion that the saltern brines had been contami-
nated by .sm:m :lcroorganisnia introduced through the
continuing 1i11'1ux of fresh water. The microorganisms
responsibie far the jelly tor'mation‘ wag a flagellate

; balonging Yo the group Englenodinae probably to the genus
Phacus, It w%ll appear that the flagellates carried out
active photogyntheais an-i some '(n'._.the cai'bohydrate 80
formed leached out of the cells into the brine. Further,
there were also associated some halophilic bacteria which
acted by tx;baisforning these substances intc a complex
polysaccharide slime. Although the motile forn of the
flagellates m ‘green coloured, the spores were reddish-
brown in colour -and inperted a brownish-red colour tc the
sline. Sorie of the halophiles also, when cultured, formed
large mucoid colonies, colourlebs or pale whitish-brown,
and exhibited marked sutface growth. ' - .

\

n) It i‘sl'ot the highest importance to the s‘olar salt 2
industry to be able to forecast the “fea'ther pattern of the
year, Té: this end, and hoping against hope, we are kaeping-
track of sunspot data (both past and projected) supplied

by the World Data Centre A for Solar-Terrcetrial Physics

at Boulder, Colorado, U.S.hk., and rainfall 'data at salteras.

o i
OUr saltern area rainfall records do not extend very far
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back - for Elephant Pass fron 1896 onwards, for Hambantota ’
and Puttalan Met,., staticn fron 1869 onwards.

The only subatantial salt-based industry in Sri Lanka
at prosent is the manufacture of caustic soda and chlorine
at_P@rahthan. The Paranthan venture has had a very chequered
career. To obtain an idea of what research work has been
carried out at Paranthan, and wh¥, a very brief.htstorical
introduction is necessary. 4

The Govt. in 1951 decided to set up a plant for the :
daily manufacture of 5 tons of caustic qéda'with the co-
production of 4.5 tons of chlorine along with 50,000 cu.ft.
of hydrogen. For the disposal ¢f the chlorine, advantage
wag to be taken of an offer of a DIOT plant froﬁ UHICEf/HHO
for the annual manufacture of 700 tons DDT. A factory for
3000 tons per'énnun of sulphuric acid was also to be _
established since 1300 tons of sulphuric acid was required
for the DDT plant annually.

Contracts were pdlced in 1953 for the supply and
installation of the caustic soda/chlorine and sulphuric acid
plants with a firn in Switzerland. The consultants for the
project were M/s. L.H. Manderstan & Partmers Ltd., London.
Thé plant and equipment arrived in Ceylon by the end of
1954. The Gové,. also decided not to accept the DT plant.
Then again, on second thoughts, the Govt. decided that a
smaller DDT plgnt should be accepted. For some reason or
other, this decision was not iuplemented, and this has had

grava rar—reachiné effects on the industry.



The nanufgctu}ers were regquested to @nderteke the
work pf erecting and cormmissioning the plant but they
deelined, saying that their legal obligations indef the
earlidr contract had expired. They also pointed cut that
they were.doubtful about the technical and econonic
feagibility of the project in view of the abandonndnt of
DBT manufacture.

The Corporation then obtained the services of a local
-engineering firm and the consultancy services of an Indian
firn to instal the plunt. The plant was erected by the end
of 1957, but?cnuld not be put into any semblance of regular
productiop for various technical.reaaons including explosions.
. It was then that the Corporatiovn obtained the services of
Dr. S. Gnanalingem of the C.I.S.I.R. and slso entered into
a s8ix munths tachnicél management contract with the Indiun
firm. : ' :

The rescarches carried cut by Dr. Gnanalingan enabled
varicus modifications to the electrolytic cells and the
plant process to be implemented and the plant was put into
repgular production. Early in 1961, the Indian consultants
repor ted fhat the plant could not produce nore than 3,78
tcns'of caustic soda per day at full production .and returned
to India, Dr. Gnanalingam continued his work ‘there and
, established that the plant coculd produce nearly 5 tons per
day of Caustic Soda. i.e. almost the rated production.
Unfortunately, it has been found difficult to maintain this
oﬁtput steadily. ' : ‘
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Dr. de Nora of Italy who had designed the electrolytic
cell has stated that this desipn was only experimental and
that the installaticn here was the only commercial plant

of its type in the whole world.

Steady efforts have been made over the years to find
suitable disphragms and modifications of operational proce-
dure in order to increase the yield and reduce the chlorate

content of the caustic.

The first by-product to be uade wag table salt from
the evaporatéo salt. Then came potassium chlorate and
calcium chloride., Here a C.l.8.1.R. team headed by Dr.
Devanathan carried out investipations and was able to pave
the way for the establishment of a small unit pr?ducing
potassium chlorate and calcium chloride, using sniff gas and
milk of lime. |

A Krebs-Berlin hydrochloric acid unit wasthadballgdrior
the production of hydrochloric acid utginwikjunéﬂ;tnﬁant for-
use with sniff gas and cell hydrogen. The use of sniff gas
wag far too dangerous and the unit first operated with dry
chlorine gas‘and now with wet chlorine gas.

After various trials, ferric chloride in the forn
of a 40% soluticn is now mg?ufactured at Paranthan using

scrap iron and sniff gas.

Similarly zinc chloride is manufactured in the forn
of & 50 - 60% solution from scrap zinc and sniff gas.
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General purpose laboratory reagent grade sodium chloride

ig also being made on a small scale. >

Suecesgsful trials have been carried out on tha
manufacture of zinc sulphate utilising zinc and waste
sulphﬁric acid. Similarly, scrap aluminium has given
aluminium sulphate.

=

0.C. MUNASINGHE.

-/r2-3-7-73,






INDUSTRIAL RESEAR H ON MINOR EXPCRT CROPS

by
R.Q.B.Wijesekera

Minor export crops is a term coined by the Ministry of
Plantation Industries and defined as representing a ramge of expori-
oriented crops which have been gultivated in Sri Lanka for centuries.
Thege crops have remained in the background of the gemeral expori
soene which hag been dominated by major export crops such as tea,
rubber and coconut, The minor export crops include the following:

Cocoa, cashew, coffee, mulberry (for silk), oil palm,
papaw (for papain),cimmamon, cardemom, clove, mutmeg,
pepper, citronella and lemon gragss.

These crops end their products have received very little
attention in the form of research hitherto; now the Government
considers that attention to such crops would be a vital aspect of its

_development strategy. Accordingly, a Department of Miner Export
Crops has been created and the Director, Dr E.Jayanetti, will talk
.about their development programmes in Part II of this Seminar. My
tagk 18 to outline some of the C.I1.S.I.R's own research efforts in

the direction of finding uses for these crops and the development of
export oriented producta from them. Our work has been mainly confined

to the spices and aromatic grasses. It could be divided into three
main areas.

(1) Studies on the methods of extraction of
aromatic oils from essential oil bearing
plants and aspices.

{2) Studies on the chemical constituents of
these spices and the development of
analytical techniques for the assessment
of their quality. '

(3) Further processing of sssential oils into
industrially important chemicals and prepara=
tions of new products from spices.

Our prograsme of studies on the methods of improving

~ the technalogy in relation to spices and essential oil bearing

plants received welcome sponsorship from the Ministry of Flantation
Indugtriea and the Ministry of Planning. In this area we have

first of all made thtrvudh studies of the existing methods and
techniques in the production of essemtial oils that have been
traditionally. produced in Sri Lanka, such as cinnamon leaf and bark
0il and oitromella.oil. The C.I.S.I.R., I pust mention, had
previously taken the initiative in the introduction of lemon grass

. oil as an export prodwt in Sri Lanka. In the case of citronella oil
we had noted that due to the inadequacy of the supply of water during
the drought season no distillations were carried out. Large quantities
of water are necessary for distillations in order to effect satisfac-
tory condengation of the steam distillate mixture containing oil

and water. Accordingly, a team from the C.I1.5.1.R. designed a new
sti1l {MANAKOKA) which had the following features.

The still used a new type of air cooled condenger

in conjunction with an efficient latent haat exchanzer.
This novel condenser system reduced the water
requirement to a mere 400 gallons. Unlike the conven-
tional still whiech has a typical goose-neck to convey
the hot vapour to the condenser the new still does away
with this thus making it more facile for charging and
discharging. The condenser tubes are made out of
alluminium. It is preferable to the traditionally used
copper tubes. The cost of this still is algo far less
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than one of traditional design. This still has now been
patented and its designs are made available to the
public. Already this type of still is in service at
Walasmulla for the distillation of citronella oil, at
Karandeniya for the distillation of cinnamon leaf oil.
Within the next two months, two more are expected to

go into service one at Chiyo for the distillation of
sucalyptus oil and another at Matara for citronella oil.
Several other requests for this still are also pending.

Besides the above mentioned still, several other
designs for specific spices have been compleled.
Their proto-types are being constructed at the
C.I.S.I.R. and at other places in Sri Lanka.  The
ideas on which some of these stills are based have
evolved from our studies during the last few years.

The second still the SPICA has now completed its
tests. It was found to be extremely efficient in the
distillation of such spices which contain a comparatively
large proportion of fixed oils. These are mutmeg, :
pepper, clove and cardamom. Thia:gkill egeln is based
on a new idea where the stean pathway is through a
flat wide bed of material and the distillate vapours
pass into the condenser that is centrally placed along
the axis of the circular bed of material. This arrange-
ment overcomes the detrimental effects caused by
material that tends to cake during distillation. Two
other stills of the CISIRILL family have passed -the
designing stage. One the CISIRILL MEDPEE as a pressure
distillation unit for oils that are difficult to remove
from the plant material by steam distillation at atmos-
pheric pressure. Exauples of this type are vetiver and

~ curry leaf. The next type of still the CISIRILL JALASULL
ie Hepigtell td handls such spices which require water
distillation, that is distillation by boiling in mater
iteelf and condensing the vapours. This type of
distillation is mere suited to certain spices such as
cinnamon bark and ginger. :

The second aspect of our recearch has been the studies of
the chemigtry of these spices and essential oils. This has been made

. possible by the fact that a few years back the basic minimum instrumen=

tation wag made available to the C.I.S.I.R. Namely, gas liquid -
chromatography and IR spectroscopy. We have used these instruments to
carry out systematic studies on the type of chémical constituents

. that are present in cardamom oil, citronella oil, cinnamon leaf oil,

cinnamon bark oil, cinnamon root oil, clove oil, fennel oil

and -lemon grass oil. Based on our findings, we are noy abtle to
estimate far more accurately and far meore reliably than it was
posgilile by the usual wet cheumical techniques the major consti-
tuents of these oils. These instrumental techniques often enable
us to get an idea of the minor constituents present in the oils
which are not possible to even detect by other methods. Accordingly
we have now with us expertise in techniques that are .both modern and
efficient and can be used for the assessment of quality in essential
oils, W have also been able to monitor the performance cef our
industrial clients now producing these oils for export, on methods
of improving their -own products to reach export standards. We

fesl the increase in the export quantum of essential oils 0.7 million

_ to 2.5 million rupees is substantially due to better quality standard

achieved as a result of this vork. _

_ The third aspect of our research has been -the upgrading of
egsential oils and the production of aromatic flavour chemicals from
them. If I were to take one example from the work we have done, we
have been able to prepare a variety 6f aromatic chemicals from the
major constituents of cinnamon leaf oil namely eugenol. Some of thege
compounds are: =351 :
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Acetyl eugenol, benzyl eugenol, benzoyl eugenol,
acetyl iso eugenol, benzyl isoceugenol,
benzoyl isc eugenol.

411 these compounds have been made on a laboratory scale.
Further work is needed to upgrade these laboratory preparations to a
pilot plant basis. We have also been able to fractionate citronella
oil into isoclates that are enriched in the more important products,
such as citronellal and geraniol and to prepare derivatives of these
compounds that are used in flavour and perfumery work. There are a
variety of other products of spices and essentiazl oils which could
be made here in Sri Lanka given  time and cppartun;ty !brthe necegsary
pralimlnary regearch. Products such ag Oleorssins, *' ° 41
vet o, (the total solvent extracti~: of a spice) and Biapersed
Bpices. siaul gpe nogvweening into popularity in the @ndustrialised
countries. It is possible that we in Sri Lanka could thimkin terms
of manufacturing these products here, for the purpose of export.

Qur research on spices and essential oile is geared to this end.
It is our endeavour to provide the research baser. in the country
for both developing new products and ensurement of their quality.

Our efforts have been greatly helped by sponsorship

from the Ministry of Plantation Industries and the National bcience
Council of Sri Lanka.

3438 3006 36303656406 4 30 90 36 36 330 A

- 204 July, 1973.







THE OUTLINES OF AREAS OF RESEARC“I IN’I"-IE‘— DEVELOPMENT
OF CEMENT & CONCQE

Research is the backbone of the development of any industry and tends
to grow with the growth of the industry. Without research no industry can
hope to compete, survive, grow or diversify. Up to now there has been a
conspicuous sbsence of intensive, well co-ordinated and planned research
eftfort in the Cement and Steel industries both at the natmaal as well as
industry levels.

-

It is therefore, necessary to establish Institutions for the maximum
utilization of available research resources and for the co-ordination of
 dispersed individual efforts. The Cement Industry for it s development and

growth requires research in specxrm areas. These can be conveniently
classified into -

A Studies on Physical and Chemical properties of Raw Matorials |
Fueals ete,
Be Research on Cesacat

Cs = “%asoa:r:ch on Cement Prot.iuction B Technology
oy Research on Concrete

= Structpral Research

F Soils and Paving Research

£

« Physical and Chemical Properties of Raw Materials

_3cope o. Vorks

ragsical and Chemical properties of raw materials used in the
manufacture of cement and concrete, development of general laboratory
procedures including petrography, mineralogy, spectroscopy, microscopy,
electron microscopy, X'ray diffraction, diffsrenna.l thermal analysis etc.

: _,_S_l_xgl?_cta for ':tesearch under “A_“_

) Petrographic and microscopic and otherphysical methods of examination
raw materials used in the manufacture of Cemmnt and Concrete.

(ii) ~ Studies in the development of Laboratory procedures for the >
determinaton of the properties of raw materials, fuel, water otc
and cement and concrete (both chemical and physical)

e .iesearch on Cement

L T e AL TRAA IR A T Ay T S b

Jcope of Tiesearch

3 Studies relating to the properties of clinker, cements and cement
pastes; Swudies on the individual clinker constituents, their hydration
and hydration productis; development of gew cements, cement paints etc.

Subjects for iesearch

i. Variations in the properties of clinker resulting from the varittion
in chemical composition, burning coanditions; rate of cooling of
clinker including phase equilibrium studies.

ii.

Hydration of cement compounds i.e. the rate of hydration and heat
evolved and the influence of the se tactors in mass concreting and
other uses of cement.

Contd., .. 00/2



iii. Studles on the optimum levels of compounds such as free lime,
maznesium oxide in Portland Cement.

iv. Studies on the influence of fineness and particle size dmtribuuon
of cements on physical properties such as water rejuirements,
workability, setting and hardening times, stren*ths, soundness
etc.

Ve Investigations on the manufacture and properuau of cements
such as high early strength cement, sulphate resistin; cement,
oil well cements, hizh alumina. cements eatc.

vi. Development of coloured cements and cement paints.

vii.  Studies on the possibilities of utilising low zrade and dolomitic
limestones for the production of cement. '

vi.ii.' Feasibility studies on the utilization of blast furnace slages;:
fly ashes etc as argillaceous materials in cement manufacture.

ix, ~ Fundamental studies on the natureua.nd function of water
proofers, air entrainers, plasticizers etc.

C.PEODUCTICON RABTARCH

2508

Investigations in the area of the technolqu ol cemant manufacture
to increase production, improve guality of cem ent and to achieve maximum
manufecturing economy and efficiency. The uses of special technigues
and equipment in the juarrying of raw materials; the preparation and
homogenisation of raw material mixtures; Burning process; Keactions
associated with kiln gases; zrinding clinker and storage of cement;
measurinz and proportioning devices; automation etc.

Pe

Subjects for Research

-

i. Technology and economics of quarrying, handling and haulage
of raw materials by different systems and equipments.

ii. Studies on the benefication of low grade material by screening;

by floation for wet process cement manufacture or by electrostatic
separation for dry process..

iii, Studies on the influence of trace elements on cement production.

iv. ‘Studies on grindability of cement materials and grinding efficiency
3 of different types of equipman‘..

Ve Studies on the use and efficiency of low zrade fuels ul cement
clinker pmducﬁon. 3

vi. Studies on the use of fluxes for improving the burnability of
ceitain types of raw materials.

vii, Studies on the eificient utilization of fuels.

viii., Studies on thewuse of different types of reiractories in the dJ!ferent
zones of the kiln.

ix. Investigations of the factors which are responsible for the
formation of mud rings; ash rings; clinker rings aad the remedial
measures to be taken to minimize such formation.

-
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* Xe  Studies on the removal and collection of dust in the cement
T : mclustry. '
- xi, - Studiesod the developzient and use of mstments requzrad‘

for tae arocess control and automation.

xii, Studies on general m aintenance oi both tae mechanical and
electrical eguipment used in the Cement industry.

xiii. Studies on the safety, productivity and affxcxancy of
employaes in the cema at industry.

xiv. Studies on_-cost'eccnomiea in cement ploats with & veiw to
reducing production cogts.

D. lesearch on Coacrete

SCOEe

Concrete materials; concrete mix design, placing and curing
methods; deformation and other properties; heat resistaace; alkali
aggregate reaction, crackin.:; influence of aggressive waters; asbestos
cament; light weight coacrete, corrosion problems etc,

oubjects for lesecarch

is Study on the mix desiga for different types of aggregates and
cements including assessment of the influence of moisture in
the aggregate on the strength of concrete.

1i. Stndiea oa the ue of different types of admixtures such as

plasticers, air entraining agents; retarders, acceiera.tors
etc, in concrete.

iii, ”"valus.ucn of the strenzth and derormauonal properties
_of conecrete under different types of load ing.

ive  Crackiag of concrete. s :

Ve Studies on alkali - azgregate reaction.

Vi, Studies on light whighz concrete aad their properties, -

ko

vii.  Concrete in acidic, alkaling and saline environment.

viii. nehmnour of concrete uader very hizh tempemturas and
: fire resistance properties. S

-

ixs - Corresion of reinforcements in congrete including stress
corrosion,
X influence of Luuid tropical conditions on the growth of

fungi; moss eté on exposed concrete surfaces,



. Structural Kesearch

ig]

Studies on concrete in structures on the different structural elements
made of plain, reinforced, prestressed concrete and constructions subjected
to dynamic or repetitive loads; development of rational and economical
design procedures; pre-casting and prefabrication; use of materials other

than steel as reinforcements; cost and time studies of differeat n_lethods of
construction. -

Subjects for Research

ie Experimental' studies on different structural el}amei_;ts of various
: types of concrete structures. :

ii. - Development of rational and economical design procedures for
concrete structurcs. ¥

iii. Studieé on the development of pre-casting techniques for casting

structural elements such as lintols, wall panels, beams, columns,
slabs etc. =

iv. Studies on problems associated with tall concrete, constructions
such as multi-storey buildings, cooling towers, chimneys stc.

Y. Studies on liquid retaining concrete structures.

vi. Studies on concrete structures for the storage of food grains;
cement etc. :

vii. Studies on the design and manufacture of railway sleepers, pipes
of all shapes, poles etc. in reinforced and pre-stressed concrete.

vili. - Studies on the use of materials such as fibre-jlass, plastics etc _
as alternative to steel reinforcement. :

ix. Stréngr.h and deformation of structural elements when subjected
to dynamic or fatigue loading causing tension, compression
flexure, shear, torsion or a combination of any of these.

F. SOILS AND PAVING RESEARCH

Spope

Studies on concrete as a paving material, soil cement and its use
in road and building construction; in slope protection of earth dams; in
canal lining etc. Concretq reinforced.'concrete and pre-stressed concrete
‘pavements - their analysis and design; cracking of pavements etc.

Subjects for Research

-
FY -

i. Soil-cement investigations of different soil types; develdpment of
design procedures :wor soil cement pavements; use of satisfactory
soil cements for use in building construction in rural arcas.

i¥, Stablilization of slopgs of earth - dams, cutting and canals by
using cemant.
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Design of concrete and reinforced concrete pavements

Pre-stressed concrete paveménta for high ways and air-ports -
their analysis and design.

Studies on wear-resistance and skid resistance of concrete
pavements

Studies of specially heavy duty and alkali and/acid resistance
floors.

PRIORITIES IN RESEAXH - CEMENT INDUSTRY

At the present time, the cement industry is using high grade

. limestone for the manufacture of cement. High grade limestone

is required for the blast furnace in the Iron and Steel industry
when it materialises. It ia therefore, essential to plan in |
advance to use low zrade limestones including magnesia
limestone in the cement industry by benefication. A research
programme must be drawn up, at an early date, to examine
methods suitable for the benefication of the low grade limestone
taking into consideration the types of impurities and admistures
present in this grade of limestone. Limestone is a very valuable
industrial raw material. At the present time, it is used
extensively for construction of buildings, roads etc. Alternative
building materials should be found to replace limestone and
thereby conserving limestone for industrial use ata later date.

Gypsum is imported and used as a retarder in the grinding of
clinkezinto cement. The annual value of the imports will be
in-the regzion of . 3 million in foreign exchange. Investigations
are necessary for the full or partial substitution of gypsum by
blast furnace slag. This material will be available in Sri Lanka
when the final phase of the expansion of steel industry is

implemented. A certain amount of work has been done in this
direction in other Countries.

Investigations are also called for with regard to manul’acturmrr
special cements such as masonry cement, pozzaknic cement etc.
using low grade limestone in the case of masonry cement; an

adding calcined clays in the case of pozzalanic cements.

. Coloured comients and paints also require early investigation.

The cement rotary kiln incorporating the most modern advances
in the cement technolozy is still only 50% efficient thermally.

" Fuel constitu tes about 30% of the cost of production of cement.

Investigations are, therefore, necessary to impove the thermal
efficiency of the rotary kiln. :

Studies relating to the use of Cement in Concrete

~ immediate attention should be directed towards the following problems: -

a. Jesign of concrete mixes

: L. Studies. on the cofrosion of steel reinforcene ot
Ce Stuches on the strenygth of concrete under combined stresses.

d. Studies on the methods of acceleratad curing of concrete.
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RESEARCH IN THE P‘RODUCTiOli’_OF IRON & STEEL

™

The production of Iron and Steel caa be divided into
three aspects: - : -

s Productica of Iron

Be Production of Steel

5 Stecl Works, Fuels, Furnaces, Refractories and
Instruments.

L. Research in Iron_E_’rodncﬁon

Preparation and beneficiation of ores and their use in the
blast furnace. Blast furnace fuels and furnace reactians. Blast
furnace fucls and furnace reactions. Blast furnace slags aad their
uses. Elast furnace desizn plants end equipment. Blast furnace

operation. Other methods of pig iron aad alloy cast iron production.

3. RZesearch on Steel Productio =

Jcope .

Blister, shear and crucible steel. The Bessemer Frocess
agidic and basic. Oxyjen enrichment of blast and the use of pure
ven, acid and basic open hearth process. Electric furnaces.

Vodifications of steel making processes. The manufacture of
special steels.

C. Steel Works, Fuels, Furnaces, Refractories and Instruments

The uses of different fuels; oxygen enrichment, Furnace .
design aad plant layout etc. Instrumicnts for combustion control ,'
pressure control, automat ic contral etc. Selection of refractories
withstand high temporatures abrasion, thermal shock, chemical

attack and gases by slags, insulation etc. to prolong furnace life.

Or.V.Perampalam
General anager & Director

- ¥ P[kx, Ceylon  Cement Corporation



Aspects for Research in the Cil Refinery, Sapugaskanda

S. Weerasekera B.Sc.(Eng. )Hons,
Refinery Manager C. Eng.,
: M.I.Mech E.,
¥, I1.E.C.

The 0il Refinery at Sapugaskanda was erected in 1967 - 1969,
and embodies fairly advanced know-how-in refining technology and equipr: -t
design. Before outlining aspects for research I would like to briefly
give the organisation structure, in order to show that upto a certain
extent, provision for investigation and study of operating problems,
whether in regard to processing or equipment has been already provided.
- However, there is indeed room for further outside assistance. We have
three main departments; 1) Operations 2) Engineering 3)Administration.,
In the Operations Department, in addition to those in charge of Process
operations there are advising Technologists, Their funotion is to keep
a close watch on the various operations, and advise on maximising product
output, and also to see that quality requirements are met. They analyse
unit performance, and predict when regeneration of catalyst, or when
steam-air decoking of furnaces are necessary. Trouble shooting is an
important aspect of their work. In Engineering Department we have a full-
time Inspection Department, whose main function is to advise on the
repair methods to be adopted, and also maintain a continuous monitor. . .
on critical equipment, using available on-stream inspection tools such
as X~radiography, Ultrasonic flaw detectors, in order to establish
corroeion wear patterns, and advise on timely replacement of equipment
before failure ocours. - The Refinery operades continuously round the
clock for two years, at the end of which 2 - 3 week shutdown is carried
out both for the purpose of inmspection and resetting of relief/valves,
as well as for cleaning out of equipment which is required for operational
reasons,

Now research in the Befinery, must fall within the objectivas
of the Refinary which can be stated as -

1) To refine crude oil in order to produce refined products
of the.correct quality and required quantum, according:
to current product demand.

2) To carry out the above safely and within the equipment
design limits, and the lowest possible maintenance and
processing costs, and maximising foreign exchange savings.

To meet objective 1) we have to run the Refinery at maximum
possible capacity, which at present is 10% above design capacity (5200
tons/day) and to meet objective 2), and to produce maximum foreign exchange
savings we must maximise riddle distillate production.

Now what are the problems ws face? These can be classified as
(a) Plant metallurgical problems mainly in connection with minimising
‘of corrosion, and also equipment performance. (b) Process operating and
utility operating problems. I will now outline some problems, beginning
with (a)

Protection of overhead of Crude Distiller :

A1l crude oils contain varying amounts of salt, and electric-
desalters are installed to reduce the salt content. These are not 100%
effective, and a certain amount of salt enters the crude distillation
unit. The phenomencn of corrosion due to salts in crude has been the
subject of much research, and can be said to be fairly well understood.
Unfortunately, the control of corrosion is a complex matter. Briefly,
it is the magnesium/calcium chlorides which are most harmful, as in
the charge heater at temperatures over 120°C, hydrolysxs takes place,
producing Hel.
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Hel in its dry state is innocuous, but in contact with water it
is extremely corrosive. In the atmospheric distillation column, the top
regions are around water condensing temperatures, and it is these regions
that oorrosionyﬁbst severs, In the crude distillation column itself,
the top four trays, as Well/Eﬁ@,column lining in this axea, are of Monel,
which is highly resistant to Hel attack, and this is an approach by
appropriate metallurgy to reduce corrosion. From the column we proceed
to the overhead condensers, whose function is to condense overhead gases.
- In our Refinery, these comprise air coolgd tubular exchangers, with tubes

of carbon steel, and 2 water cooled exchanger with tubes of aluminium
bronze. - : =

The carbon steel tubes in these air exchangers are prone
o severe attack unless measures are’ taken to prevant corrosion. Following
methods are used - 3 i

1) Injection of caustic soda: The injection of caustic into the
crude stream pmeutralises Hel formed in the heater. Generally, if properly
applied about 95% of the Hel can be neutralised in this way. The balance
5% finds its way into the overhead system. ' :

2) Injection of_é@mog;g{kbntol Inhibitor : Gaseous Ammonia is
injected to the overhead system to control the overhead pH at 6 - 7, so
that Kontol type amine film inhibitor, which is also injected can be
effective. The above control system has not been entirely effective, as
evidenced by the corrosion in tubes of the air exchangers measured in 1973
January shutdown, when it 'was anticipated that a further life of 1 -~ 2
years may be obtained. These exchangers can cost above Rs. 70,000/%
each, but more expensive is the downtime of the Crude Distillation Unit
to install the new units, at nearly Bs. 100,000/= per day.

In.crude H2S, is present and has a strong influence on corrosion
in the overhead system, Here the most important parameter !lis the partial

pressure cf H2S, as this influences the stability of the protective iron
sulphide fiim,

We are studying methods to improve this by 2~

5 1) Alternative methods of corrosion control, and a proposal

has been made by Central Service Organisation of Indian 0il Corporation.
This envisages the injection of caustic pius Ammonia into the crude, instead
of caustic only. ' i

2) By the installation of corrosion probes and using a
corrosometer to actually measure the corrosion level, (an acceptable
is 5 milfyeer). The present controls are empirical viz. 50 - 100 ppm’
on chlorides in the water condensate from overhead accumulator, and pH
at 6 - T. 2 :

Hence, we can summarise further work needed as 3

1) Modifitd injection of caustic and ammoniai

_ ~ 2) Imstallation of corrosion probes, or other means so that
on-stream measurement of corrosion rate and rather than the current once
in 2 years, thereby enabling a positive cqntinupus cantrol.

Failure of first stage blading on steam turbines : 7

The Refinery has two 5.5 MW steam turbo sets for generating its
entire power requirements. In December of 1971, No. 2 set develcped governor
instability, which could nct be resolved, and a mamufacturer's representative
was summoned., Whilst he was attempting to correct this the turbine developed
high gibrations, requiring the removing .of turbine covers for further
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investigation. .It was then found that the first stage blade shrouding

in one section had become detached, and there was general incipient failurs.
As no spares were available (these are never kept, incidentally as a 20

year life is normal), the shrouding was removed, and the rivets ground-off,
the rotor was balanced at the C.G.R. Ratmalana shops, and the unit was
satisfactorily commissioned. A similar inspection was made of No. 1 turbine,
and hers too the same pattern of failure was evident, though in a less
advanced state, and the same remedy was adopted. We made a claim on the
manufacturer on the basis that they supplied equipment with inherent defects,
although the guaranteed period of 1 year was over. We had in fact operated
for 3 years, The matter was referred by the menufacturers, who sent samples
of the failed parts, to an Independent Laboratory, who said the failure

- was due to intergranular corrosive attack by chlorides present in the

steam, on carbide precipitated on grain boundaries, in the ohrome/hickel
steel alloy blades rivets/shrouds. They concluded that the carbide
precipitation may have occurred before or after mamufacture, and in view

of this vagueness, the manufacturer disclaimed liability. We in turn
referred it to our consultants at the time, Shell International Petroleum
Co. Ltd., in the Hague. They studied the matter and came out with the view,
that the findings of the Independent Laboratory were correct, but disagreed
with their conclusione. They pointed out whilst it is correct that carbide
precipitation had occurred, this could have occurred only before manufacture,
ag certain minimum temperatures were required for this to happen, and these
temperatures were not reached during operation in view of steam conditions,
They said carbide precipitation most probably occurred during the heat
lAreatment of the blades. Unfortunately, it is not easy to convince
manufacturers of their errors, and this dispute is still unresolved.

As in the above case, there is a requirement for metallurgical
analysis of failed parts, as by discovering the under-lying causes of
corrosion, a repetition can be avoided either by altering operating
conditions or improving the metallurgy of the failed part.

Steam Boilers :

# %
The Refinery bas 3 x 60,000 lbs/hr. boilers, steam at 560 psig/750°F,
for driving steam turbosets for power generation and also to provide
steam for proocess operations. Steam generation is therefore, a vital
requirement, and 100% reliability is essential., Right from the start-’
up of the Refinery, this was one of our weakest areas, and many
emergency shutdowns of Refinery had to be faced due to steam and
consequent power failure. One of the reasons for the failure was the
mzlfunctioning economisers. Economisers, are installed to remove heat
from the flue gases, via ‘the feed water to the boiler, and there is an
improvement of about 4=5% in thermal efficiency. The main problems faced
in the economisers was dramatic loss of wall thicknesg in the tubes
especially at the water inlet regions, leading to rupture during operation.
The problem was common to all three boilers. At first it was considered
that the mechanism of failure was due to erosion from soot blowers,
‘and from wet gteam, combined with the effects of Sulphur tri-oxide
in the flue gas. Although modifications were made these did not improve
the situation, and further investigation revealed that the under-
lying causes as mainly being due to low temperature dew-point corrosion.
Now, the acid dew-point of flue gas is much higher than the water
dewpoint, and can be as high 140°C., This means that if metal temperatures
are lower than 140°C, then acid condensation will take place. In the
economiser it was found that water inlet temperatures were lower than
140°C, and indicated that corrosion was primarily due to acid (H2S03)
deposition. A claim was made on the manufacturers for supplying an
undersized prahéaimugwhich was intended to heat the water above the
-acid dew-point, and they upheld the claim and provided 3 units free of
charge. However, numercus boiler failures were beéing experienced,
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4nd since reliability is more important in this instance than economy, all
cconomisers were removed, with the plan that they will be installed with
thicker wall thickness tubes in the susceptible areas and with increased
pre-heat capacity. :

Here too, it was only after a proper metallurgical analysis that
the real cause of failure was established.

The above are some of the problems we have encountered mainly
on metallurgical. aspects. I would like to consider, some work we have
done on the operational side. ;

In relation to plant operations I would first deal with some
development work rather than problems,

Production of L.P.G./S.B.P. Spirits/Aviation Turbine Fuel :

The Sapugaskanda Refinery, as-built did not contain a provision for
L.P.G. production. However, it was soon realised that the manufacturing
of this product even to satisfy the rather smsll existing market would be
worthwhile, The Refinery operates a thermal cracker (Visbreaker), which
amongst other products makes cracked Naphtha. In order to render this
product suitable as a gascline component,. it was necessary to stabilise
it and also Merox treat (eaustic treatment with merox catalyst) in order
to remove sulphur compounds, mainly mercaptans., We also operate a Naphtha
‘hydro-desulphuriser, for which the feedstock is stabilised straight-run S
naphtha, Since this unit had spare capacity, the cracked naphtha was
fed after stabilisation in main S.R. Naphtha stabiliser, and treated
in combined stream in the Naphtha Hydro-desulphuriser. This scheme ~’
released a whole train of equipment such as distillation columms, vessel,
heatexchangers, pumps, which could be adapted for LPG production. The
feedstock for IPG is from the catalytic reformer stabiliser tops, which
is fractionated to yield mainly commercial Butane, which is caustic !
treated, to make a marketable product. The entire Island's requirement
was supplied, and current plans are to produce this eventually from
about 160 tons/year to about 10,000 tons a year, thus reducing the
demand on Kerosene which we are facing increasing difficulty in fully
meeting.

S.B.P._Sgirits Production :

Several Special Boiling Point Spirits of Petroleum origin, are
used in Ceylon of CIF value of about Rs; 2,5 million (in 1971). The
feedstock for this is light Naphtha, already produced in the Refinery.
By using one of the columns released from the Visbreaker Unit, it was
possible to fractionate the cracked naphtha to yield SBP 62/82, 60/140.
Low Aromatic White Spirits was also produced in the Kerosene Hydro-
desulphuriser. All imports of these materials have been stopped.

The above descriptions have been extremely brief, and indicate
the development work possible to meximise profits, i.e. by converting
relatively inexpensive products, to valuable special products.

The production of Aviation Turbine Fuel is also worthy of
mention, as it was undertaken only relatively recently. Here extremely :
stringent specifications must be met, and requires a reliable sieady -
operation to produce on-grade product.

I would like to consider some development which we would like :
to develop in the future. 4
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- BTX Production :°

In the Refinery we have a catalytic reformer, which is used for
high octane gasoline production. The réformate is high in aromatic content,
. and this can be further increased by special processing for BTX (Benzene,

Toluane,‘Xylene) production., The main problem is to separate the reformate
into Benzene, Toluene, Zylene. Local market demand is too low to allow

& proper commercial design for which many licensed processes exist. There

is scope for a pilot plant to achieve this objective, which can also if

. successful meet local market demand., BTX are essential components especially

for the paint industry, and sizeable foreign exchange savings can be made.

Lubricating 0il Production : _
Here again the size of the local market precludes a commercial

unit, Unless a sizable export market is assured a Jubricating oil plant

making high viscosity index products is not commercially viable. At present

the Refinery operates a Vacuum distillation column, the streams from :

which are light epindle oil or gas oil, and a heavy short residue, which

‘is the starting point for Bitumen making. It may be possible, to obtain

draw-off stream of low grade lubricating oils, to meet loeal demand for
axle oils/heavy gear oils. ' -

Corrosive Sulphur in Gasolines @ 3

: The storage tanks for gasolines, have floating roofs mainly
to reduce breathing losses. Unfortunately, due to failure of hoses, the
' roof draias in some of these tank roofs have been out of action, with the
- result that rain water enters the tank. 1t has been found that under
certain conditions the tank contents are rendered off-specification in
respect of copper strip corrosion. In the dry weather, this problem is
' - not experiericed, and the problem is associated with the entry of water,
and it is considered that sulphate reducing bacteria which thrives in
water bottoms was the cause. However, attempts to eliminate the problem
by treatmeat with biocides, and also altering the pH of the water, was
not entirely successful.

As in the case of Aviation Turbine fuels, this would be a .
completely un-acceptable problem, in view of the need for strict conformity
specifications, a clear analysis of the problem is desirable,

It is known that several factors influence the copper strip
corrosion susceptibility i.e. the nature of various sulphur compounds,
singly and together, and there is evidence that there is a synergist action.

Indigeneous Development of Spares 3

The import of spare parte constitutes an ever-increasing drain
on our foreign exchange. There is considerable room for application of
known technology to produce spares. We have begun this, an in future
shafts, wear-rings for pumps will not be imported, except for the more
complex equipment. ; :

25th June, 1973.
SW/SN







CORROSION IN THE WATER TUBE BOILERS OF THE PETROLEUM REFINERY

_ : ; S. Sivasunderam  B.Sc., Dip. Chem.
I. Introduction : Chief Technologist Bng., C. Eng.,
M.I.Chem, E.

The Petroleum Refinery is provided with three Ruths. steam boilers
to generate 60,000 1bq/hr of superheated steam per boiler at 580 psig and
760°F, The boller incorporates a feed water economiser preheater system
and it is fired with forced draught. The steam produced in the boilers is
used for the generation of the total power requirements of the Refinery,
drives of some of the pumps and compressors, and also as process stripping
steam in fractionators and for other general uses. ;

Since the start—up of these boilers in July 1970 the leakage in the
economisers in the three boilers has resulted in numerous sparodic shutdowns
of the Refinery. Further severe localised pitting corrosion has been
experienced in the superheater tubes. In order to arrest the above

failures a detail study was made on the corr081on in water side and fire
side of water tube boilers.

II. Discussion : . e
15 Hechanism of boiler Protection against corrosion :

Water in contact with mild steel (or low alloy steel) in the boiler,
even if oxygen has been properly removed will cause corrosion -
according to the following eguations.,

Below 50°C : Fe + 2H,0 -3 .Fe (OH)p + H2

A non-protective layer of iron hydroxide is formed on the steel,
which at a higher temperature will be converted into a protective
F8304 flllII.

Above 50°C : 3 Fe (OH)p; -» Fb304 + 2Ho0 + Hp

at higher temperatures e.g. in the range from 220° %o 570°C,
Fez0, (wagnatite) is formed directly by the reaction.

3 P+ 4 HO =2 Fe304 + 4 Hp

Provided the condition in the boiler are adequate, this film
‘of magnetite will adhere well to the mild steel substrate and
after obtaining the required thickness, will protect the steel
from .further attack. Keeping this Fez0y film in good order

is the main reason for the elaborate control of water-side boiler
- conditions.

The formation of proteotive ez04 films is accelerated by increased
temperature and higher alkallnz

This is one of the reasons for maintaining the pH of the above
boilers bbtween 10 = 11, Another reason for high pH is that,
the Fex0, film is easily removed from the steel under flow
conditions at lower pH values. :

2. Causes of boiler corrosion :

Corrosion in béilers will take place.
a) If the formation of a protective magnatite film is prevented.

 b) If the protective Fez04 film is damaged or attacked durlng
operation,

a) Inadequate film formation :

If the water-side walls of the boiler are not clean, the effective
" formation of uninterrupted Fe 0 film is impossible. Befoge

start-up of the boiler forelgé tter oil and grease are

removed by an alkaline boil-out. In the case of the Refinery

boilers Tri-Sodium Phosphate is used for boiling out. It is
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_strongly acvised to clean high pressure boilers with acid in
order to dissolve rust and to loosen and remove mill, scale.
In this way a steel surface is obtained on which an un-
interrupted protective magnetite film will grow during the
initial stages of operation. '

o

b) Damage to cr attack of the magnetite film :

1. By Oxyzen :
If the oxygen levels in the boiler water are too high
cither as a rTesult of the entrance of air during shutdowns
or as a result of improper deaeration of the boiler feed
water, steel exposed to the water on spots where the
“52304 £ilm is damaged will react as follows i~ -

A Fe + 2n. Hy0 + 30p =» 2 (FepOz, nHy0)

The powdery hydrated ferric oxide thus formed is
non~protective and promotes pitting corrosion of the
ateel underneath by differential aeration (galvanic
action). This is the main cause for the severe localised
pitting experienced in the superheater tubes of the
refinery boilers. To prevent this every effort is being
made to prevent mal-operation of deaerator and it is
proposed to inject catalysed (activated) sodium sulphite
instead of the normal sodium sulphite used at present to
remove residual oxygen. ‘ .

2., By high Alkalinity 3

The corrosion rate is low at a pH of 11.5, however, at
increasing concdentration of caustic the corrosion rates
increases rapidly and at a caustic concentration of 40%
catastrophic pitting corrosion would be experienced,

These high caustic concentration would be formed by

high heat transfer through tube wall or low water circulation
in tubes giving rise to intermittent film of wet steam on

the tube wall. The high concentration of caustic attacks

the protective Fez0y film as follows :=~

Fez0y + 4 NaOH -3 2 NaFeOp + NaoFeOp + 2HpO0

The sodium ferrite and sodium hypoferrite thus formed
are both soluble in hot concentrated caustic and in this
way the steel is open to direct rapid attack by NaOH

‘ as follows :~

Fo + 2 NaOH - NapFeOp + Hp

This type of attack has been recorded in the target wall
header of the boiler in the Refinery. Attack of caustic -
can also occur in superheaters by carry-over of a mist :
of concentrated boiler water from the steam drum. With
the evaporation a concentrated caustic solution is left
behind.

3. Caustic Embrittlement :

This is particularly a problem when riveted drums or
boilers are used. At points of steam leakage, caustic '
concentrates and at locations of high stress, stress
corrosion oceurs leading to cracking and leakage.
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4. By Acidity :

If the pE of boiler water decreases, the growth of the

protective Fe 04 film is retarded, at an even lower pH, the
Fez0y film is removed,

Low PH is caused by :=-
Ta COé dissolved in the boiler feed water,

ii. COp formed by the decomposition of sodium carbonate in
the boiler. '

NagCoz + Ep0 ~» (COp + 2 NaOH

The above situation was never experiended in our boiler since
adequate boiler water treatment facilitlies has been provided.

5« Corrosion fatigge-and other effects of Mechanical Siress i

" During operation the protective Fez04 film may be damaged as a
result of mechanical stresses, the vibration of the boiler
tubes giving rise to cracking of the film and corrosion of

~ the bare steel. The cyclic stresses will crack each new .

. Fe30, film forming on the bare area and fatigue cracks grow
in”the steel tube wall, Thermal stresses, which are found
in tube areas where cyclic heating and cooling takes place
may also damage the Fez0 film and cause corrosion fatigue
cracking. The vibration of superheater, heater tubes of the
Refinery boilers’ could have occurred due to burn-out of the
support plates and thermal stresses could have also taken
place due to the numerous shut-dowr and start-ugs

3, Fire Side Corrosion :

-as High Temperature Corrosicn 3

Corrosion on the fire side of boilers especially of boiler
tubes and superheater tubes, could be experienced depending
on the temperatures’and compounds present in the fuel used
for firing. :

If the heat transfer of stéam-generating tubes is insufficient

the tube wall temperature increases and oxidation and possible

tube failure takes place. The same holds if combustion control
is inadequate and flame impingement occurs.

' In superheaters, deposition from entrained boiler water may
lead to the overheating, oxidation and creep failure of the
tubes. St

. Severe corrosion of external tube walls will -be found in
residual oil-fired boilers if the fly ash deposits contain
considerable amounts of Sodium and Vanedium and wall
temperatures, exceeds 1150°F, 1In fly ash deposits Sodium
Vanadates and iron Sodium Sulphates are the main corrosive

=X compounds.

The high tamperaturé'corrosion has not been noticed in Refinery
bOileI‘S 0 : \

b. ;Low Temperature Corrosion :

Various compounds are present in flue gas. In residual fuel
0il fired boilers the following compounds may be found in the
fuel gas. '
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B0 10%; CO, 15%; 302 0.1 = 0.3%; 80z wup to O. 01%
Hel up to 10 ppm (Vol.)'

Upon cooling, the following corrosive acids are deposited from
the flue gas on metal and refractory surfaces.,

Z. 300°F H,SO

2 4.
4 210°F HpS03, HyC0s
/. 140°F KCL

Below 300°F corrosicn on exposed metal surface is severe and at
lower temperatures corrosion becomes more and more catastrophic.
This type of corrosion has been experienced in economizer tubes
with too low boiler feed water temperature, *soot blower lines,
and during down time. The numerous economizer failure :
experienced in the Refinery was mainly due to the acid dew-
point corresion since the temperature of feed water was

around 250°F and further corrosion could have taken place
during the down time. Detail analyses of the design of
preheater economiser system showed by increasing the capacity
of preheater by 100% the feed water temperature could be
increased to the required level. The extent of corrosion

in the economiser were 8o severe that we were forced to operate
the boiler without the economiser and the operation with the
preheater of higher capacity was not possible due to the
mechanical reliability of the economisers which has already
severely corroded. However, this operation will be carried

out after replacement of most of the tubes in the economiser.
Modification to scot blower of economisers has been also made
to improve feed water temperature by improving the heat pick
up. Reduction of down-time corrosion is achieved by injecting
NH; into combustion chamber to neturalise acid during shut-down
ana also by washing down the economiser while it is hot,

Concluaions

The type of corrosion experienced in the Reflnery boilers are :-

1. Severe localised pitting in the superheater tubes. This may
have been mainly due to oxygen attack.

2. Pitting corrosion due to high caustic concentration in the target
“ wall headsr. -

3. Damage to the Fe O film due to vibration of the superheater tubes
and also due to %hermal stresses by the numercus shutdown and '
start-up causing corrosion fatigue.

4. Pire-side corrosion on economiser due to acid dew point caused
by the lower inlet-water temperature tc the economiser.

5. Acid dew point corrosion in soot-blower 1ines and flue gas side
corrosion duPing down-time.

The above type of corrosion were established by making use of the
Inspection and Laboratory results with the limited available equipment.
However, detail analyses of the samples obtained should give better
results and C.P.C. would welcome any research carried out by

.Uhiversities and Research Institutions with specialised equipment.

The following steps are taken to control corrosion in the Petroleum

Refinery boilers :-

1. The boiler water pH is maintained betwsen 10 - 11 to promote the
formation of protective Fb304 film on the steel surface.
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Silica in boiler water is kept below 10 ppm to prevent
carry over into superheater coils and also to power generating
turbines,

Phosphate in boiler water is maintained between 20 - 40 ppm by .
injecting tri sodium phosphate to prevent scaling due to residual
hardness of the feed water. The phosphate reacts with calcium
to form the calcium phosphate, a rather flocculant precipitate,
which remains in suspension without adhering strongiy to the

tube walls,

Sodium sulphite is injected into feed water after deareation

to remove the residual oxygen. Due to the severe oxygen attack
experienced it has been proposed to improve the activity by
injeeting catalysed sodium sulphite.

Strict control on the quality of boiler feed water is maintained
to prevent caustic injection. Bemiqgralizar is operated to produce
neutral water with silica&£1 ppm condensate return water is
maintained at oil contentZ 2 ppm and silica& 1ppm. 3

During shut-down NH, is injected into combustion chamber to
neutralize acid depdsits and the economizer is alsc washed down
with water, Further during down-time the boiler is filled with
condensate inhibited with oxygen scavanger to prevent internal
CDI'I‘OBJ.OII.

It has been proposed to increase the capacity of feed water pre-
heater by 100% in order to improve cconomiser inlet water
temperature to acceptable level to prevent acid dew point
corrosion.

Modification to economiser soot blowers had been proposed to
improve the heat pick up in’order to eliminate acid dew point

corrosion, =

25th June, 1973
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Research and Development in Paper, Leather
end Textile Industries of Sri Lanka

Paper, Leaﬁher andiTéxtiles are all fibrous in character.

Paper : |

; Paper as we know today is a laminated sheet of begetable _
fibres suitably processed to serve the purpose of writingz, printing,
wrapping etc.  Fibres of wood are, generally, the source of raw :
materials for the manufacture of paper, although non-woody fibres
like grass, esparto, gtraw, hemps, etc. are also used. The Eastern
Paper Mills is an intezrated pulp and paper mill, which now produces
Bond paper, Writing paper, Printing paper, Duplicating paper and
Wrapping paper. Paper board is also being produced since last year.
Straw forms the main raw material for the above products.

: The higtory of paper making may be told in terms of iks search
~ for newer raw materials. There is, however, a new problem which

has come into focus today - the large amount of sgolid waste, which
has to be disposed. The present desire to recover more secondary
fibres is due more to preblems oi ecology and the need to salve

the solid waste disposal problem. The industry's demand for fibres
during the next two decades will depend on the economy of the country
and the relative use of paper and paper board within that economy.

There is an urgent need to minimige the prohblems of solid
waste disposal and an increase in research on separating processes
for the uise of waste paper as a paper making raw material. At the
game time other considerations such as the degire to preserve the
forests than denude them may bring the problem of fibre availability
more ecrueial. o

In 1975 the total demand fob paper and paper board is
egtimated as 87,000 tong. The consuaption in 1971 was 30,000 tons -
this will necesgsitate an increase in production of 57,000 tons. :
New projects planned to meet this increased production will produce
109,500 tons giving a surplus of 22,500 tons for export.

The present factory is at Valaichechenai and the two new mills
will be at Embilipitiya and Rajangana near Tambuttegama.
The Valaichchenai factory will then produce (a) Special grades of
paper and (b) Paper board. The Embilipitiga mill will produce
fine grades of paper such as writing paper and tissue paper.
The Rajangena mill will produce (a) Newsprint (b) Medium course
grades ?ﬁ? Kraft and (d) Low grades of printing papers.

The above projects will require extra pulping capecities in
the respective pulping mills for the following reasons:-
_(1) To give flexibility in the use of different indigenous raw
materials. - : ,
To use as much as possible of the long fibre substituents, as it
gradually becomes available locally to replace ultimately all the
imported long fibres. .

Regearch gtudies carried out in the laboratories

of the Bastern Paper Mills Corporation

1« Iropical long fibre substituents.

Since rice straw pulp consists of short fibres, only a
certain percentage of long fibred imported wood pulp have to be used
for blending depending on the grades of paper to be produced.
Investigations show that plants like Kenaf, Sunn Hemp and Bamboo axe
good substitutes for long fibres. Mill trials carried out using
100% Sunn Hemp pulp in the furnish and 76% Sunn hemp pulp with 24%
of waste paper in the furnish were successful. Kenaf a fast growing
annual plant was also gubjected to study and found to be a very goud
subgtitute. Kenaf is used in the U.S.A. for the manufacture of
Newsprint and ig thus a distinct possibility for the same purpose

in this country.
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‘Banana is another agricultural waste, Laboratory tests of Banana
stems indicated that it is a good source of long fibre pulp for paper
making. Bamboo is widely used in India and ig not a new material for
paper mekinz. Experiments have shown favourable results.

2 T C M3 H (o]

Laboratory investigations were carried out with match wood waste
and the pulp was found to be suitable to be blended with long fibred pulp
for produecing certain grades of paper. The use of these hardwood pulp is
a good short term measure and as clearing of these wood is carried out,
afforestation of these areas may be made with Bamboo and conifers.
Eucalyptus is a short fibred plant. It has been used widely in Australia
in the manufacture of Newsprint by a semi-chemical pulping process.

A similar process is to be used in Sri Lanka. Other plants which have
been tried out include Bagasse, which is being tried out for the making
of newsprint. : _ ;

It may also be mentioned that quick growing conifers are being tried
out in the Upcountry areas for newsprint. Textile mill waste could be used for
high grade quality paper and saw mill waste from the Plywoods Corporation
could be used for making low grades of paper.

The Corporation has also indicated to the General Research Committee
of the C.A.L.S. the areas where research is necessary. They are
(;3 Removal of Silica and the recovery of chemicals.
(2) Determining the suitability of the use of pulp and paper mill
effluent for irrigation purposes.
(3) The most economic method for the removal of algae for use as process
water in pulp and paper mills.
(4) Improving the brightness of paper using the locally produced- kaolin.
(5) Prohlems comnected with the development of fibrous raw material for
paper menufacture.

The picture will not be complete without mention of some of the
converting industries such as Multiwall sacks, Envelopes, corrugated boxes,
rigid boxes, folding boxes, Paper cans and tubes, coated paper and
paperboard and disposable tissue. OUnly a few of the above are manufactured
locally but thers is a good demand for the others. :

Leather.

Skin is a complex tissue containing a variety of proteins, cellular
substances, salts, carbohydrates and fat. The main fibrous component of
hide and skin is Collagen. The degree of utilisation of hide proteins in
the Leather industry is very low. The amount of collagen protein that is
found in the final product, i.e. shoes, is only 28-32% of the protein
contained in the raw hides. This means that gbout 70% of Hide matter is
wasted at different stages of memufacture of Jleather and leather products.
There is a wastage at trimming of leather (6-8%) and in the shoe factory
clicking room (15-20%). _

Thege figures show that the extent of hide protein waste is very high.
In the tanneries and shoe factories there is a possibility of reducing “
the recoverable losses, but at the present stage of development of the
industry in this country does not permit the reduction of unrecoverable
losses which accounts for 50% of the total. In these circumstances the
trend should be to manufacture various by-products from these valuable
wastes. The reasons for this being:- 2
(1) To reduce the world lack of proteins.
(2) To improve the economic efficiency of the Leather Industry.

3) To solve the problems of disposing of waste in the tanneries and
shoe factories and so diminish pollution. ‘

The more important by-products are Leather board which is made
locally, Animal food, prodw tion of artificial casings (for sausages,
selami, etc.) and the production of semi-synthetic calloagenous poromeric
also called Plastic Collagen Leather (PKK). The last three jtems are not
as yet made locally but are certainly necessary for development of the
industry in thig country. ' .
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: - Dr Z.Kotazek of the State Leather Research Institute, Gottwaldov,
Czechoglovakia, who was with the Ceylon Leather Produczts Corporation
until recently stressed the need for development of the leather industry
here with emphasis on the utilisation of waste hide proteins. The need
for such development, he said, was based on the following factsi-
(1) Per capita production of footwear in Sri Lanka is 0.6 pairs per year
which is lower than the world average. The average for industrially
developed countries is about 4 pairs per year. He said that attempts
should be made to increase our figure to one pair per head by 1975 when
the projected world average would be 0.95.
(2) The percentage of leather footwear is only 10.7% compared to 40%
. for developed countries. He said that our target for 1975 should
be at leagt 20%.
(3) ‘He said that although no livestock population flgures were available,
congidering the very favourable climatic conditions, steps should be
taken t0 at leagt double the present production. This would solve not
only. the problem of the leather industry but also solve the more important
FrOblems of-food production and employment.
4) Attempts should be made to minimise faults such as branding, bad
flaying and 1nadequate preservation of the raw hide.

*Under the Research and Developmenf~proaramme the Corporation has
‘given priorities for import substitution work and has been succeosxul in
developing several substltutes for imported materials.

1+ Appli i iral Rubber Latex in the ishinz of Lesther.

A leather binder with similar properties to imported synthetic
binders, has been developed by grafting methyl methacrylate monomer to
natural rubber latex. Approximately 20% of the binders imported for
finishing embossed and lining leather have been substituted by this
newly developed binder. The mamufacture of the binder is a rather gimple
process and is carried out at the tannery. '

2 tllggatjon of the bark “of indlgenous Hgtfla g;ént for tanning leather-

Approximately a million rupees worth of solid wattle extract is
imported annually for the leather indusiry. Experiments carried out at
the Corporation in extracting tannins from locally available Wattle Bark
have proved highly succegsful and plans-are now being made to construct
a pilot extradtion plant at the Corporation's Tannery with the assistance
oi the C.I.S5.1.R.. The harvesting and the supply of bark will be organised
by the District Development Councils at Nuwara Eliya District. The project.

has bee planned to operate in phases, firstly to supply the Corporation's
~ Tannery its requirements of wattle extracts and, then progressively supply
the other private tamnneries too. This™will not only help to substitute
imported solid Wattle Extract but also create new employment opportunities
for a number of villages in the Muwara Eliya area.

Experimenta conducted have shown that tea-waste and coconut husk
contain appreciable amount of tannins and it can be a potential source of
tanning material for the leather industry.

L. Uge of Cagein in Finighing Leather.

Casein, which is a by-product of the milk industry, could be
used in place of certain imported synthetic protein binders in the
finishing of leather. The National Milk Board has already indicated to
the Corporation that skimmed milk, to prepare Casein to meet the
entire - requirements of protein binders, which is more than two and a
half tons a year, could be produced by them. -

Shark liver oil was found to be a good tanning agent for leather.
The Corporation produces fairly large .quantities of Chameois leather with
oil supplied by the Geylon Fisheries Corporation. But due to other
domesgtic demands the Ceylon Fisheries Corporation is unable to supply
the necessary quantities of the oil for commercial production.




6. Leather buffinz dust as a substitute for‘ggghratvrena reging in
Bubber Indugtry.

Leather buffing dust, which is a waste product of the tammery,
ig finding a valuable use in the rubber indusiry. Regearch work carried
out in co-operation with the Rubber Regearch Institute revealed that
the high styrene resins imported for the rubber industry can be
completely replaced by leather buffing dust. A leading manufacturer
of rubber goods is using leather dust in commercial production in
place of imported resins.

Besides the above developments in leather chemicals and
suxiliaries, vast improvements have been recorded in product developments
as well. About a hundred and twenty types of leathers are now being
produced by the Corporation's Tannery and over 70% of the production
goesg to export markets. _

~ Among new developments Batik leather takes a prominent place
%nd is exparted to various parts of the world including U.K. and
taly.

Textiles

Textiles are manufactured from fibres, filaments, or yarns, |
natural or man-made, obtained by weaving, knitting, felting, bonding ;
and tufting. It is said that when Prince Vijaya landed in Sri Lanka
he found Kuveni engaged in hand spinning cotton yarn. The first major
industrial venture, the Wellawatte Spinning and Weaving iills, was
establighed in 1888, but the Textile Industry showed any development
only in recent years.
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In tHe forgword of the book on the five year plan the
Priuc Minister Mrs, Sirimavo Banderenaike wrote " We import our cloth whilc
our factories and powerlooms and handlooms rémain vnused, and what is worse,

LN
e do 21l this on credit which future generations have to pay".
: - .. Phe Textile Industry todey has nearly 250,000 spindles
@ ith possible expension tomore than 300, 000 spindles. The weaving capacity

consists of 10,000 power looms and 90,000 handloous, both in the public
sector and and privete sector. The loous belonging to the Department of
ﬁma;l Industries are only worked for two shifts, whilst %hé réat'are
~vworked for three shifts. If yorn is ¢ vallhble and all looms are activated
ie they are worked for three shifts, there will then be an eiceas of
. TIoven cloth, since t&are are no finishing facilities and there will be no
Tguxa of, llymnds—per head. We will then have to find an
xcess Grey Cloth.
Whilst spinning weaving and finishing have more or less
cchieved self-gufficiency, it i's unfortunate thet the industry has to
.zpend on imported raw materizl and know-how. The units at pruaent are
copable of producing over 30 million pounds of yarn per zanum. It has to
end for its cotton enterely on inperts, the locally grown cotton which
;uounted to less then 2% affew years back now & mounts to about 10% of the
-ragulrem;nts.,The earlier varieiy of cothongrown was H Cs 101 and this hos
. 10w been replaced by & B.P. variety. The cotton is now grown in the Valawe
and hhhevell besine and in terms of the five year plen it is expected thot
.LHOOO acres of cotton will be 'rrown u.ndcr the Walawe Scheme This 2creage
“heing capable of giving 25% of of our cobton requirements. Although the %
- local conditions may hot permit. the growing of all our cotton varietges
17 we exbend our cotton growing areasto regions other than the Wialawe
~nd Iahaveli basins a2 major portions of our cotion requirements will be met.
Chis vurlety of cotton now grown is of medivm staple and yarns of counts

local demand at & -
' oxport market for f
T

30's to 40's could . be spun from Lhem. =
: It is proposed to eatabliah! a polyamide plant for the

sanufachure of Nyl" =
L*:Su*svnthetic £ibio extruﬁlon plant.

_ ' The employmenu potentiel indicates thot fhe Textile
Industry is one of the leading Industries in Srilanka. Under the Five Year
Tlen this industry plays & major role providing employment for an additio
nnl 40,000 persons and has & growth rate of 19 ﬁer cent per annum.

_ - T will now attemnito noinf out areas where iesearch
‘.c d Development cre necessary for the progress of the lndvstrv-

1. Fibres Cotton is grown now as & &s & p.iuwary crop in the Yala
season in the Walawe region. A cotton resemrch station has been establish—
ed at Suriyawewe 1in Eabilipitiya. - I+s main objectives being to improveths

vield of cotton per acre under irrigated and rain fed conditions and %o
1mprove the spinning velue of the strains. U.N. assistance has been obtain
cdto finance the laboratories. The adoption of early early sowing and the

cevelopment of early maturing varieties have been fpund ugeful in reducing
serious losses,'whlch could be encounterﬂd in later stages of growth.
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: Experiments have been conducted on & scale in growing
ond extracting bast fibre such as hemp, bansna pineapnle ete but so for
it has not proved a commercial success, although in other countries vegei-

~le fibres are used. -
Sericulture is being given a new life under the five year
nlan ané eilk farme are being established in the Kundesale region and x >

also-on some estates. :
2.Chemicalg. Soaps are satisfactory substit.ies for detergences butl
further work is necesaary o improve taeir effectiveness.
;urkey Redtﬁxl cap, be prepared from Castor oil but therm
Lre 1n31*f101ent cuantltles of C astor geed in Sri Lanka
Mutton Tallow is a very sﬂiﬁable.Softener but available -

Binders could be made from latex as in the leather . s
ind snr" t0 conserve our foreign eXchange. :
Thickeners such as Sodium alginate are necessary, the
_lattcr has been obtained from local sea weeds, but so far no large scale
nanu sure has been underteken. |
| ' . Phe C.I.S.I.R. is presenily doing work on enzymes.
Pirms like Lever Bros have also carried out work extracting enzymes fTrom
Inrakkan, Psd@y and other cereals.
S Tapioca Starch is being developed here and, the 1.D.B. has set -
up-a nlant ( pilot project ) at Hanwella.In this connection atthe ruqueat
of the I.D.B. “he chemistry department of the University of Sri lank
=t peradeniya has evolved a thin boiling starch from mandte which is
‘said to have the same features as the imported corn starch.
The G.I-G. has established a factory for local formuletion
-of resins based on 1mported chemicals. '
3 hachlne  and Accessorles Altchouzh no machines have been turned
out anumbe of mpchine ‘spares mostly'wooden, are been nace lochlly
' 4. Techndlozy lio attemnta have been wade to undertake fundementel,
c-mlied and operationalresearch or developing methods %o compare labour
~né machine productivity and we¢ judge gpinning performences Lhis is
;;obabl? due to the absence of a Texiile Hegearch Association in Sri lenka.
extile Hesearch Associations in other countries are sponsored by the
Csxtile Indbetry and supported the Institutes of Industrial and Scienti-
4ic Hesearch in that country.
5. lian hade Fibres No work has been carried out to identify
local wiood for celluloae puln and uluimhte conversion into Viscose Ruyon.
Cotton linters could-be used in the manufacture of cellulose Acetote Rayongy
I have ﬁnly very briefly outlined the hiesearch and developument
in the three industries. I have to acknowledge my sincere thenks o The
lictory manmger Lir Scbideen and Mr. Wickremosinghe of the Ceylon -
Leaiher Products Corporation, “r P. kanokeran of the sastern Faper bills
Corporation and ¥r E. Poizrajasinghe without whose help I couvld no%
nave been azble to present this paper today. j

E.B.Digsanaike :
B'& L] ntsc n(Londc) ] .F-RQI aC'- » F-’T ‘I o
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* RuSBARCH IN FOCD SCIENCE AND TECHNOLOGY.
BY
L.A.C.ALLES

CIHIEF RESLARCH CFFICER
Fruit and Vegetable Utilisation Laboratory
Department for the Development of larketing
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In this contributionto the symposium, it is not my
intention to cover the research work done in the various aspects
of focd and the associated technologies, It would be presumptious
on my part to claim to know the details’of all the research
activities done by the different scientists and technologists in
their respective orgenizations. In any case reports and
summaries of such research are more appropriately and more
interestingly presented by the rescarchers themselves. ‘hat I
would attempt to do is to indicate the general trends in sonme
arcas of food processing and later to dcal at some length on the
context and organisztion of fooed research in our country.

The rapid chenges in the econonmic conditions and in
the food situation during the lest two decades have drastically
altered the scope and emphasis of food rescarch. The conditions
are in fact changing so fast that the aims and cbjectives of
food rescareh are being revised, even during a period of a few
months, to eope with new problems that emerge, as it were, over
night, A succession of crises in the food situstion caused by the
scarcity of some variety of food - potatoes, onions, chillies,
sugar, flour cte., was highlighted a corresponding scene in
foed rescaerch, Fcod rescarch if is to be of maximum benefit
must be dictated not by the circumstances as they are now, but
by the demands and problems as they will arise in the future -
next month, next year, or even five or ten yoars hence. It is
this anticipation that will enable the countryto cope with the
problens before they assume gigantic propostions and it will
also enable export industrics to remain competitive in the
world merkets. I'ood science has been termed "S O S " i.e., the
Beience of Survival end it is difficult to find a more fitting
deéscription considering the role it plays in Sri Lanka today.

Ad hoec crash progrommes of research cannot be worked
out and carried through with any degree of thoroughness,
deploying the best suited people and equipment on the job. They
are often much more c¢xpensive than projects thcocught out well in
advance of the eleventh hour.

Let us now leok at the general trends in focd
rescarch in some arcas of food. Considering the staple diet, in
the¢ ferm of cerecals, we find that researh hes been entirely on
agricultural aspects rather than on processing. The recent
crcation of the Inddy kerketing isoard which is responsible for
the eutire purchase of surplus paddy, intermediate processing by
parboiling, hulling, pcliching etc., and the final distribution
and sale of the processed rice, has placed the problems
associated with paddy and rice on one single orgonisaticn. The
preblems which are now being investigated by the Faddy Marketing
Board ar¢ the optinum moisture content in paddy at harvest time
- a factor which affectsboth the price paid to the farmers for
the paddy purchesed as well as the milling characteristics-
cenditions of paddy storoge in silos instéad of in the tradit-
ional gunny bags which involve foreign exchange and therefore
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now increasingly unavailable, deterioration due to fungal and
insect attack, conditions of parboiling and hulling in relation
to the more popular high yielding short term varities, and
better packaging of cleaned rice in ratail polytiiene packs. _On
account of the large quantity of paddy and rice handled a slight
improvement in any of the processes e.g. in hulling efficiehcy,
reflects significantly on the economy.

In the case of wheat milling at the Htate Flour HMilling
Corporztion, while no research as such appears to be in progress
certain problems connected with the utilisation of mill byproducts
such as wheat germ and wheat bran have been identified, and it
is considered that human and animal foods valued at 5 = 10
mllllon rupees are realisable from these by-products.

Flnally while on the subject of cereals it is necessary
to mention the attempts to supplement rice 2nd wheat with manioc
in the fresh form or as flour or as starch, This topic has had
full coverage in a recent symposium under the Institute of -
Chemistry.

With regard to milk which is perhaps the next in import-
ance as a food, the problems are of inadequete volume of prod-
uction~ ' the p.esent per capita consumptlon being 2 ounces as
against a recommended daily intake of 5 % ounces. HeSearch on
processing is minimal ond the main burden of the scientific and
technical officers in the nilk processing industry is quality
control. However temporcry problems such as ahortage of bottles

or tinplate cans for packaging call for investigations on stop
gap remedial measures. -

Taking fish and fish products next and in¢luding in
this category dry fish, prawns and lobster, it is relcven ‘to.
mention that this contrlbutes the main animal protein iraction
in the rural diet, - in the form of dry fish. The research
input as regards proces:ting is low. The main problems are once
again inadequate quentities and high prices and the efforts have
becn mostly on increasing the catch by expanding the fishing
fieet and by mechanization of fishing vessels, The recent devel-
opment of the exports of frozen prawns and lobster necessitated
research investigations on the development of micro flora in the
frozen products at low temperatures. Frogress in the manufacture
of canned fish is limited by the supply of canning varieties of
fish Kumbalawa and Salaya- rather than by research and know how,
The production of fish protein concentrite from abundant cheap
varieties of fish, in which field research is needed has not been
taken up as a maaor item of research.

Vith regard to meat ( beef, pork end poultry ) again ..
the problems are in production, governed principallyby the
availability of animal feed materials and to a lesser extent by
the control of bovine and avian diseases. The limited production
of cured meat products by a few private sector firms has been
accomplished applying well known techniques,

Comiing to the last main category viz : fruits and
vegetables, preservation industries establisheds for programmes
of import substitution or for export have been based partly on
adeptation of existing methods to raw materials and conditions
obtained locslly ~nd partly on research on processing techniques.
developed here. The extension of the technical know how to the
entrepreneurs was a key factor in the development of the fruit
preservation industries. The potentially large export carnings
realizable from this industry are once again, not limited by
scientific or technological research but by the agricultural
production of the main raw materials required to feed the
factories.
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Therefore In pencysl it wiévlé zopear thut the prowth

- of the food incustries has had the requisite minimal support
from food research, so as not to be limited by technical knowhow.
However what I would like to em hasize here is that while the
giving of minmal support, absolves in s sense the scientists from
having been found wanting at any stage, the positive contri-
ution that a more purposeful programme of food resecarch could
have made and can make to a more rapid development of the food
industries cennot be undercstimated. Food research has always to
be azhead of the needs of the industries =nd of the population,
and we should at least have tentrtive solutions today for the
possible problems of the tomorrow. :

This leads me to the second part of my telk where in
the available time I would like to comment on the organization
of food resecarch in our country. This is a subject which has
been considered by several experts both foreign and local,
during the last two decades and apparaently no finality has been
reached. 1 do not of course speak as an expert but as one
directly involved in it and deeply concerned about it, In a
re-consideration of this question one has to take into account
the present circumstances and needs and to see whether the
earlier recommendations of many yecars ago under different
circumstances, are in fact the best in the new context.

As indicated earlier food research is diverse in kind;
short term in relation to ad hoc problems or long term in ;
relation to more perspective needs; they moy be chemicel,
microbiological ,nutritional, physiological or they may pertain
to engineering problems or market research aspects. Again one
may classify them in relationto the two type of equipment -
laboratory scale pilot plant scale or actual factory scale and
of course the type of investigator would vary with the type of
investigation, This diversity necessitates specialisation and
it may not be possible to do all types of investigations under
one roof.

The first major study of the topic and concrete
contribution on the subject was made as far back as 1552 by
Dr.Kertesz. e advocated a food research institute comprising
five main divisions

Food Analysis

Food Biochemistry and Nutrition

Food Technology

Food liicrobiology Sanitation and Storage

& Home Lconomics and Dietetics.

with a staff of thirteen research officers excluding the Director
and Deputy. The objectives were very broadly stated to encompass
all types of investigations, However some topical and typical
problems for investigations were indicated, and among them
interestingly enough, large scale utilisation of manioc, grain
storage studies and recovery of nutrients from rice bran. This
was in 1952.

For several resa the recommendations of Dr.Kertesz
remained un-implemented. In 1966 znother FAO food scientist
"Dr.E.C.Bate-smith examined the problem from a narrower angle
in ‘relation to the development of the fruit processing indust-
ries and recommended a specific research unit concerned with
fruit processing and fruit storage studied particularly in
relation to export developments. In the years between these
two recommendations Sri Lanka's food position, food industries
and food research had undergone considerable changes. Invest-
igations relating to food are now being done in several institutes
or organisations
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Ceylon Institute of Scientific & Industrial hesearch
ledical Research Institute
Central Agriculturzl lesearch Institute
Tea Research Institute
Fruit & Yegetable Utilisation Laboratory
in orgenizations
Central iiilk Board
Ceylon Tisheries Corporation
Flour killing Corporation
Coconut Yevelopment Authority and the Boards under
Sri Lanka Sugar Corporation : it
National Salt Corporation
Paddy Merketing Board
Co-operative iholesale Listablishment
Industrial Development Board
Cashew Board and the
Cil and ¥zts Corporation.

The contribution to food research by the private sector
has also to be included.

During the last two or three years the National Scicnece
Council which is concerned with overall scicntifiec research in
ori Lanke hss arranged for the enhancement of research at the
universities and other centres.

In spite of the fact that a considerable volume of food
research is being done in the various units in relation to
their specific needs, there are zreas which do not come within
the scope of the existing institutions. For example : exam-
ination of fresh and processed foods for pesticide contamination,
though a matter of great importance and urgency is not he
burdenof any of the orgsnizations mentioned earlier. Similerly
the testing of manufacturers' samples of food products an an
advisory or quality control service or the quality testing of
samples of food drawn from export consignments for purposes of
issuing export licences are not undertaken by any orgenization.
These are examples of service which need to be renderedimmeci-
ately and the simplest proceedure would be to extend the
facilities of the most relevant laboratories.

It is crgued that a single large food research institute
as suggested by Dr.Kertesz, but now obviously on a much larger
scalethan recommended by him,will be able to undertakeall types
of food research problems. Considerationg the number of organi-
sations now carrying out researchpertaining to the foods that
they handle, and considering the growing. demends of .the food
processing industries, this conclusion, is very risky. The
trend in food research institutions in other parts of the woria
has been thereverse. Usually branch laboratories are establishei
with respect to different foods or even on a regional basis.,
Knowing with some familiarity the rescarch problems of the fruit
processing industry, I can visualize the problems easily falling
into two categories, those could be taockledin a centyal food
research laboratoryand those thet have to be solved in specicl
pileot plant laboratories or even in the processing factories
themselves. I believe the same is true of other food industries.
secondly, a central food resenrch laborastory is not directly
committed to a particular industry and the priority and enthu-
siasm it gives to problems will be much less than a research
unit more intimately connected with thhat industry.

On the other hand decentralised food research =s existing
now lacks co-ordination as well as communication between
scientists engaged on similar investigations. Lr.Bate-smith
proposed a Food Research Uteering Compittee to guide the
research programmes by the Fruit and egetable Utilisation
Laboratory., an extention of this idea to cover all food Tesearch
can ¢xerclse the required co-ordination witacut iaterfering with
the diccinctive characier or the authority of the separate
institations.

The National science Council wouli _ert yps be th~ appro-
priate hocy tr arrcag: sagh a ctesring courittoe,
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Current_Scientific Research in the

Barth Sciences and its relevance to
the Development of Sri Lanka

by
D, B, Pattiaratchi

Director, Geological Survey.

(Summary of Paper presented at the C.A.i.S.
Symposium on 20th July, 1973).

Research activities in the earth sciences commenced in the
Island over 70 years ago and over the last two decades considerable
advances have been made both in advancing the knowledge of that part
of the earth's crust underlying the Island and its continental shelf,
as well as in the discovery of new minerals of economic value and
their beneficiation for induStrial use. Although the title of this
summary paper is on current scientific research, I would have to go
back to earlier research in that particular field carried out over
the years as résearch. in the carth sciences is a continuing activity

and achieving a particular objective needssustained and continuing work,

It would be appropriate to to describe first the advances
made in geological mapping and although reconnaissance mapping of the
Island commenced over 50 years ago, systematic geological mapping on
the 1 inch = 1 mile scale commenced in 1953 and over the last 20 years
nearly 70 percent of the Island has been mapped on these two scales
and the arca now remaining is largely confined to parts of the country
North of Anuradhapura. The uses of a geological map are manifold and
apart from locating target areas for mineral exploration it is a
valuable tool for ground water cxploration, location of dams, tunnels
and highways. A geological map is also essential for interpreting
geological structure and one could interpret the structures at some

miles below the ground surface from a good geological map., Within the

next 5 years or so geological mapping on the 1" = 1 mile scale will be
completed, but this would not mean that the fgeological survey is over!'
Geological surveysas well as surveys for similar resources are those ~
of a continuing nature and no country in the world has so far fcompleted!

its geological survey., Geological surveys will not only be continuing

[activities all over
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activities all over the world but will also have to be expanded to
meet the challenge of the demands of an increasing population and
improvement of living standards.

In the field of mineral exploration, I hope to describe
in particular the work carried out for graphite, ircn ores, phosphates,

mica clays and ground water.

Graphite -

The mining of graphite has gone for over 120 yeé.m and during
peak mining periods which coincided with the two World wars, over
2,000 workings including pits, shallow and deep, were worked particularly
in the South-western and North-western parts of the country. Up to
recently the discovery of graphite veins was largely by 'hit and miss® ’
methods where a thin vein was found by accident in a road cutting or ~
other excavation which was then followed to depth &ud the chances of Q9
finding a vein that could be worked economically was purely based on
chance.A few years ago a geophysical technigue was evolved by the
Geological Survey for the location of near surface graphite veins and
the first success was at Siyambalawela where after geophysical survey
and diamond drilling a promising vein was proved and at which location
the State CGraphite Corporation has commenced a trial adit, Similar
surveys for graphite have been carried out at a number of sites after
the study of the detailed geology and structure followed by geophysical
work and diamond drilling and the most promising prospects now under
study are at Katuwana and Mahagama. Similar detailed surveys would be
carried out at other sites over the next few years and commencement
of small scale mining or even deeper mines at some of the proved sites
will contribute to an increase in graphite production and perhaps at a
lower cost as the mining will be at shallow depths.

Iron oreg - .

Up to two years ago the only iron ores known of some economic
importance were the limonitic ores of the South-western part of the .
country and banded magnetite ores of Panirendawa area. Since then
a promising iron ore deposit has been found in the Seruwila area and

/from the work




from the work so far camried out it apprears to be of the banded
iron ore type interbedded with the country rocks. The iron ore
band has an outcrop width of 30 = 40 fect and has been traced over
a mile or more with ground magnetometrdo: work., The Fe content

of the iron ore is around 67 to 68 percunt; T102 is leas than

1 percent with only traces of P & S, The immediate objective is to
prove at least 5 million tons of ircn cre that could be mined by

open cast methods,

There is good evidence that widespread smeliing of iron ores
iWAs: carried out in the Seruwila area during ancient times and further
an actual mining site has also been discovered where the ancients
mined t.is iron ore for the manufacture of iron and steel.

If the required Quantity of iron ore is found an Iron md
Steel plant would be a feasible project as the fiinished products or
even the pig iron ingots could be transported out from Keddiyar Bay
which is only sbout 10 to 12 miles from the belt of country where

these iron oreg are found,

Phosphates -

The discovery of the Eppawela phosphate deposit nearly two
years ago was a topical find when one considers the importance of
this mineral raw material not only for fertilizer but also for the
manufacture of phosphatc chemicals and by products such as crude
. gypsum. Mineral exploration of thig deposit is still under way and
from the data sb far available it is estimated that over -25 million
tons of phosphate rock are available but it is quite possible that
the reserves may be much more as initial drillings indicate that the
depogits continue to 500 feet below ground level. Apart from apatite
vwhich is the most common mineral in the 'lcached' zone of this deposit
it is expected that various rare carth mincrals would be found, and
recently during the study of the heavy minerals in the crushed rock,
monazite has been identified which is both a radicactive and a rare
earth mineral, and will b a valuable by-product mineral which will be
available during large scale processing of phosphate rock.

The initial




The initial development of this deposit would be to
substitute for nearly 50,000 tons of rock phosphate imported into
the country from the Middle Bast annually at a cest of Rs, 13 million
and already samplés cf the lccal rock phosphate are with our
Research Institutesfor laboratcry studies and field trials, I%
is clear from the initial results that the local ground rock phosphate
could be utilised for scme of the perennial crops. The next stage
of development of this depoeit would be for the manufacture of
phosvhate fertilizers and in crder to decide on the particular
phosphate fertiliser to be manufactured a market survey of the
phesphate fertidiser requirements in neighbcuring South~east Asian
countries would have to be carried out as the products have a
sizeable expert potential, The phosphate Working Committee of the
Ministry of Industries and Scientific Affairs is studying these .
aspects and rccommendation has becn made that in the first instance
a Crushing and Grinding Plant of 25,000 ton capacity on one shift
working be egtablished as early as possible to substitute for the .

imported matcrial,

Mica -

Mining of this mineral has gcne on in the country now and
again since 1896 or so, but it was only reccntly that sgstematic
prospecting has been carried cut. Over 30 promising prospects have
been loceated by the Geological Survey Department end scme of the
more promising ones arc now being investigated in detail., The most
important mica in Sri Lanka is phlogopite or amber mica for which
there is a gooud demand at present even for the scrap grade., Under the
Indo~Ceylon Cooperation Programme, mica will be a mincral commedity
on which Sri Lanka would obtain help from India in curing and grading
of mica for expert together with training of local personnel both in
India and Sri Lanka., There arc a number of industrial uses of mica
particularly for insulation and it is predicted that this mineral -
would be an important mineral commodity of Sri Lanka in the next few

Years,
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Clays -

A systematic study of the geology, mincralogy and ceramic
propurties of the claye of Sri lamka has been carried cut and the
results of this work will be published shortly in an Economic
Bulletin of the Geological Survey. Some of the fundamental data
and complusions will be of use to scientists in related disciplinesj
in particular the concept of 'Clay Mineral Provinces!., The
results will adso be important to those involved with the improvement
and expansion of the Ceramic Industry of the Island as the industrial
potentiglities of the varivus clays have been dealt with in detail.

Sround-water Exploration -

The Geological Survey over the years has carried out a large
number of investigations to prove ground water both in guantity and
of quality suitable for domestic and industrial use. The more recent
investigaticns have been on the coastal belt of Sri lanka particularly
in areas where there are no peremnial rivers. The main problem in
such areas even if water is available in quantity is the aspect of
quality. In order to make a meaningful forecast of the ground water
re~charged each year in such areas statistical analysis cf the rain-fall
records at one of the sites in the South-east have been carried out by
Mr. I.D.T. de Mol in the Department of Meteorology and the results of
this work will be published shoertly. One aspect of this work is that
particularly in areas where the average rainfall is less than 70" per
annum the increment from annual rains is variable and this information
when available for other areas would be invaluable in working out the
minimum recharge from rainfall and amount of water that could be
extracted safely each year even in periods of drought.

A further research apctivity that is now under way is the
study of the quality of water in two selected river basins namely
the Kalu Ganga and Kala oya for irrigation, industrial and domestic use,

/Other Researejl_ Projects
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Other Research Frojects —

The research nro,}ec'ts that are summarised bclow are those
which have no immediatc Z fcr development and could be tormed
as basic rescarch although this distinction may not be valid in the

Earth sciences,

(1) Gravity survey of Sri Lanka - A gravity survey cf
the Island was carricd out during 1971-72 with the Geophysics Division,
Dept. of Scientific and Industrial Research, New Zealand with a view

to investigating the use of the gravity method in studying the

geology of Sri Lanka, The survey was initially carried out in the
Jaffna Peninsula after which the survey was extended to other parts

of the Island. 1,170 observations of gravity were made during this
survey and a publication incorporating these results hae slready been
issucd together with a 1 : 506,880 Bougmer ancmaly map. The detailed
interpretation of these results is now being made. This work apart
from bringing Sri Lanka tc the world gravity nctwork would onable us .
to find the location of buffed sedimentary basins, rift valleys and ‘
deep fractures and other crustal features,

(ii) Origin of Graphite - A joint projcct with the scientists

of the University of Maryland, U.S.A. is now under way to find out
whether graphite in Sri Lanka is of organic or inorganic origin.
Earlier work done on the isotopic dissribution of carbon in Sri Lanka
graphite, as well as trace elements work did not give a conclusive
answer and it is hoped that with modex;n chemical methods that more
light would be thrown on this problem. |

The occurrcnce of carbon in Precambrian rocks is
known from magy shicld areas whore these rocks occur, Recent work
in other parts of the world has enabled geochemists to separate out
organic compounds (such as porphyrins and chlorins) from Precambrian
sedimentary rocks. In Sri Lenka too the graphic veins are found in -
Precambrian rocks which werc metamorphosed initially over 2,000
million years ago. The occurrence of crystalline carbon (graphite)
even as late veins in such rocks is diffieult to explain as being of -. ~
direct organic origin and the results of this work would bhe most
helpful in wrking cut the crigin,

[(iii) Joint Project




(iii) Joint project with the State Graphite Corporation —

A joint project with the C.I.8.I.R. and the State Graphite Corporation
is now under way to work cut cconumic metheds for bencficiating lows -
grade graphite (corrying under 50% carbon) to a product with a carboun
content of over 98%. Prouliminary laberatory work using flotation
methods has enabled the production of high—grade graphite gnd if

this could be successfully done we will not only have a valuable
oxport market but will also be utilising material now termed ‘wastef,

(iv) Joint project with the Rubber Roscarch Institute —

A joint projuct to determine thoe perecentages of calcium and magnesium
in 5,000 samples of (rubber) soil and lcaf cxtracts is now under way
and alrcady nearly 900 samples have been analyscd by atomic abscrption
spe ctrophotometry.

(v) Offshore survey = Plans for an offshore survey of the

continental shelf of the Island for mincrals and other patural rescurces
is being planned by an Intordepartmental Commititce convened by the
Ministry of Industries and Scicntific Affairs, and priority would be

given to the offshore survey of the strip of continental shelf adjoining
the Pulmoddai beach sand deposit to ascertain whether exploitable deposits
of heavy mineral sands exist, aftcr which this survey will be continued
over other parts of i ahelt o Toodte uneral minerals and ales bavied
scdimentary basins on the continental sholf which may have a potential

for oil and gas cxploration cutside the arcas now being explored.

(vi) Metamorphic facius research — Ower 90 % of the Island
is occupiod by high gradc metamorphic rocks and already a number of
fundamenial contributions rvlevant to the classification of the

Granulite facivs have been made, This work is continuing in additiocn
to major and trace element studics of the pyroxenes, amphiboles,

micas and felspars of the Highland and Vijayan rccks in selected areas
of the Island which would enable a better understanding of the
stability of minorals such as biotite and hornblende in the Gramulite
 facics.

/
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Coniribution to Development - .’

The eventual yardstick to determine the contribution of
carth science rusearch to development would be the quantitics amnd
value of mineral production, The value in 1971 was Rs, 38.8 million
which increascd to 47 million in 1972 indicating an increase
equivalent to 21 percent. It is expected thet with the coming into
oparation of the new Mincs and Mincrals Law of 1973 that there would
be a rationalisiation of mining and increased mineral production w:i.‘th
more revenue to the State from mining rents and royalties. The
implementation of this Law would also aid the ccnservation cf the
Islend's mineral wealth and also initiate mining activities for the
benefif of the nation as a whole,

Geological Survey Department,
Colombo 3,
18th July, 1973.

-/ss.




HEAVY MINERAL  SANDS

L. J. D, FERMANDO

INTRODUCTION

Detrital minerals a heavy mineral sands are those with
specific gravities greater than minerals such as cuartz and felspar,
and as commonly understood, are minerals with a specific gravity
greater than 2.8, They are essernt ially mineral species which &re
marked by their chemical persistence and strong resistance to
abrasion by virtue of their hardness. Due to their chemical
stability they do not undergo change during the normal processes
of rock alteration, and due to their hardness.and physical stability,
they withstand abrasion during transport by streams, rivers and
ocean currents., Most of these heavy minerals are present as
accessory minerals in a large variety of crystalline rocks and it
is the weathering of these source rocks which sets them free,
Thereafter by the action of water they eventually make their way
to the sea where they are concentrated by the natural sorting
action of the waves. Minerals comuohly found as sand deposits
are principally ilmenite, rutile, zircon, monazite and garnet.
Invariably ilmenite is the predominant constituent of these sands,
which are often referred to as 'blank sands'.

The earliest reference to the occurence of heavy mineral
sands in the Island are comtained in the reports of the former
Mineral Survey, and more particularly in the reports of .

Wayland and Costes in the second decade of this cemtury.

But beyond recording the presence of these minerals and a few
salient features of the deposits, no detailed studies were made and
their potential economic importance was not fully realised ..

at the tims,
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MINBRAL DRESSING IABRATCRY

At an early stage in my career in the Geological Survey
the heavy mineral sands which nature has endowed us int erested me
greatly in view of their potertial importance and &s they constituted -
an importart metural resource., It was my belief that their
exploitation on scientific lines could generate substantial revenue
by the export of the mineral products, At this time bhe only mining
industry was graphite, There was no industry based on mineral
sards, despite the fact that owr neighbour India wes producing
90 per cemt. of the world's requirements of ilmenite in the period
immediately before the outbreak of the Second Vorld War.
Unforturnately no meaningful work could be carried out without a
iaboratory for applied work, and in particular for pilot plant
studies on these deposits, and in common with other scienmtific
departments of the Govermment, the Geological Survey was starved
of furds and its provision for research was woefully imadegwate
and niggardly. In suwh a situation, I looked for assistance
elsewhere and through the generosity ami kindness of an old
friend of mine the late General Sir Geoffrey Howard, who was at
the time Memaging Director of Hopkin and Williams (Travancore)

Itd,, ore of the firms engaged in the production of ilmenite and
other by-products from the Kerala mineral sands, an Exolon . ®
induced-roll separator and & Wind Table were obtained on loan.

The equipment was shipped to Colombo at his own eXpense, and

our only obligation was that he should have first choice on any

monazite that was produced at ruling market pricgs.

The Wind Table consisted essentially of & wooden frame
supported by a set of springs and connected to &n eccentric motion
by means of a shaft, A perforated wooden top is bolted on to
the frame covering & wind chamber or wind box, and.a closely woven
cloth is tautly stretched and nailed on to the top. A blower

Contd., 3/~



at the end of the table blows air :urto the Chamber and the
eccentric provides a jig like motion to the table, The sands
are fed on the cloth covered top end of the table, and as the
sands move from the feed end to the diéchafge end, a distance

of about twelve feet, the lighter sands are forced to the surface
by the motion and the current of air and move faster, while the
heavier sands remain below and move at a much slower rate,

It is thus possible to get an ei‘fectlve sepa.ra.t:l.on of minerals

of different densities and a complete spectrum of the sand.

The whole process of separation is heiped'by table men using
short handle fibre brushes. A significant factor which controls !
the effectiveness of a Wind Table is the colowr of the individual
minerals., This was an important consideration with relatively
wtrained labour, who soon acquired the means of identification
by colour, and effectively assist in cutting off the various

concentrates at the appropriate time.

- The equipment was installed in 2 small building in
the premises of the former Rubber Research ILaboratory at Katukurunds
in 1951 and this was the begining of the .present Mineral Dressing
laboratory af the Geological Survey. Tt also marked the commencemert
of an important series of researches by my colleagues and I in
the Ceological Survey. Despite the lack of adeguste ecuipment,
furds, personnel and other facilities, we were all inspired by
the thought that our researches would lead to the establishment
of a sound mineral p_focessing industry based on our indigenous
rew materials, At about the sametime, when the money vited for
the esta.bllshnent of a mineral processing camplex based on the
Pulmodda.i sands was frozen on the advice of the I.B.R.D. lission,
a Hwnboldt cross-belt magne jc separator, which had been purchased
sarlier for trials in comnection with the Pulmoddai project,
was handed over to the Mineral Dressing laboratory. This was
a valuable addition and enabled us to extend the scope of our

Contd, . !-I-/-
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pilot studies on the heavy mineral sands,

{EST COAST DEPGSITS

My earlier studies had proved the presence of heavy
mineral dands at a number of points along the west, south west _
and southern coasts extending from Kudremalai in the north west e
of the Island to Kirinda in the south, a distamce of nearly 300
miles of coast line. Such deposits include Kudremalai bay;
Pallugaturai, west of the Wilpattu National Park; Vellaimundel,
north of the Kala Oya; the stretch of coast north of the Kelani
ganga from Hendala to Pamunugama; north of the Kalu Ganga;
Polkotuwa, near Berwwela; Kaikawela, bear Induruwa; Kaluwella,
near Galle; at Devimmwara: and at several points between Tangalle
and Kirinda. Whereas most of these deposits are black due to
the predominance of ilmenite, the deposits in the Tangalle-Kirinda
area are.red as garnet is the principal constituent of these
deposits, Some of these deposits had.been recorded earlier by
the Mineral Survey but others were new.

The deposits at Polkotuwa and Kaikewela were stydied in .
great detail and worked for monazite and other mineral by-products,

while some limited investigations were carried out on the deposit

at Devimwmara, The research programme had three main objectives -

9
(a) the mechanism of the formation of the west
coast deposits;
(b) the mineralogy of the deposits; and
(c) the development of flow-gheets for the
recovery of the mineral ¢
The most significant observation was that the concentrates were
seasonal except for some minor deposits protected in smell coves
and bays, the formation of the concentrates merking the on-set
of the south west monsoon, There is no doubt thet the heavy
minerals are derived from the igneous and metamorphic rocks which form
COHbd. + 5 / =
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the Precambrian complex, are transported by rivers, and finally
discharged into the sea and deposited on the sea floor, [Every
river carries its quota of heavy minerals and almost everyone of
these west coast deposits can be rela.tt_;d to an importent drainage
channel.: When the monsoon breaksy the combined action of wave
turbulence, currents,strong winds and the littaral drift result
in a comtinuous piling up of the mineral sands on the gentle slopes
of the coast line, As the waves break the heavy minerals settle
while the light minerals, principally quartz, are carried away by
the retreating wé.ves, leaving clean mineral concentrates of a .
remprkable degree of purity, If the beach is left undisturbed,
the process of building goes on until a mtate of equilibwium is
reached when no further deposition takes place. The extent of the
deposition will vary with the slope and profile of the beach but
actual neasurements at Kaikawela and Beruwela have shown that
concentrates of ten to fifteen inches mey be formed. On the.
other hamd, if the mineral sand concemtrates are scrapped up,
fresh concentrates are formed and it is thus possible to harvest
several crops of concentrates with rest periods in between
ellowing adequate time for their formation, You will sppreciate
from what has been described that the mineral sands &re formed on
the surface of the beach but abnormally seams may be reserved
intact by burial under barren sands,

Detailed studkes were also made of the mineralogy of these
sards amd with the exdeption of the southernmost deposits in which
garnet predomimates, ilmenite is the principal constituent generally
ranging from 60 to 70 per cemt, although concentrations of over
80 per cert, have been recorded occasiomally at Pallagaturai,
Vellaimundel and Hendala, The broad mineral assemblage is
invariably the same ilmenite being followed by zircon, garnet,
monazites sillimanite and rutile more or less in that order,

The interest of the west soast deposits is in their more varied
mineralogy which reflects minor differences in the hinterland
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geolozy, and the discovery of a mmber of other rare minerals,
though only in traces, 'wh:'tich had not been recorded previously.
These included the discovery of the radiocactive mineral thorianite
in the Kaikawela and Polkotuwa sands; baddeleyite (the oxide of F]
zirconium) in the Polkotuwa and Dondra deposits and cassiterite

in the Polkotwwa samds. The thorianite at Kaikawela and Polkotuwe
is even grained and extremely fine in texture suggesting an origin
different from the thorianites recorded from the gravels of the
Western, Sabaragamma and Southern provinces. Some of the west
coast deposits are also rich in monazite, particularly those &t
Rudremalai, Polkotuwa and Kaikawela, the average monazite content

of the Polkotuwa sands being corsistently of the order of 6-8

per cent, over several seasons, while local streaks and patches

may attain 15-20 per cert. Concentrates from Kaikawele and
Polkotuwa collected over a period of years and processed in the
Mineral Dressing Laboratory of the Geological Survey have yielded
over 700 tons of a high grade monazite product. But the exhaustion
of the small but rich Kaikawela deposit emphasises the fact that the
ilest Coast deposits can only support a very limited developmert .

The third and most important line of research
was the development of flow-sheets for the processing and the recovery k-
of the heavy minerals in these deposits. In this work no attempt
was made to work out any new methods of processing but rather we
‘used the convertdoral methods of magnetic, electrostatic, high
tension, screening and gravity separation, and adapted these
processes to suit the _dicta.tes of local conditions. For instance
we avoided the use of wet methods as they reguire substantial cuantities
of water, and where water is used the sands have to be dewatered =and
dried before further mrocessing can take place and drying costs
are high, Using two magnetic separators of different design - a
Humboldt cross-belt and an Exolon induced roll separator combined with
an air float table, we were succdssful in producing an extremely
pure monazite satisfying the rigid specifications for classification.

Cortd.. 7/-
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as nuclear purity grade, The screened concentrates wWere fed
into & Humboldt cross-belt separator for the removal of ilmenite
and the non-magnetics from this were fed imto an Fxolon
induced-roll separator with.three rotors, The residual ilmenite
in the non magnetics was removed in the first rotor and the
product from the middle rotor was fed to an air float table with
six chutes, The final ponazite product from chute six assayed
plus 99% purity. The middling product.from the air table fram
chutes four and fivewas. re-circulated, At the Sixth
 Internationsl Mineral Processing Congress at Cannes in 1963
Tgyptian workers, based on their studies on the black sands

of the Nile delta, reported that nuelear purity momazite could
only be obtained by flotation and in an oral communication

the author indicated that it was possible to obtein monagite

of this pwrity purely by dry methods of seperation.

The next significant contribution from these pilot studies
was the development of a flow-sheet for the rare mineral baddeleyite .
Once again the conventional methods of processing were used and by
a judicious combination of magnetic separation using cross-belt
and induced-roll magnetic separators with an air float table we
were successful in producing a baddeleyite of high purity, where
we were able to guarantee plus 95 per cent 5:irconia-(2r02) compared
with the 68 percemt, Zr0, for the Bragilian product., The main
fmpurity in the final baddeleyite product was cassiterite, the
axide of tin, which has & similar specific gravity. However,
it must be emphasised that the flow-sheets for monazite and
baddeleyite developed at the Mineral Dressing laboratory apply
only to sand deposits which are similar to the west coast sands
on which we worked, Variations in mineralogy are not critical
ard the flow-sheets have a certain flexibility as regards
mineralogy, but the particle size is eritcal as all processes of
separation are subject to size effects which can cause overlapping
and affect the final pwrity of the finished minerel products,
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For instance, the flow-sheet for the west coast monezite cannot

be used effectively for the recovery of the Pulmoddai monazite,

primarily because of the fine particle size of the latter compared -
with the west coast mineral.

THE PUIMODDAI DEPCBIT *

An adequate discussion of the geology and mineralogy of
Pulmoddai deposit would far exceed the bounds of this paper, and
the best that can be done is to present a few facts from recent
studies which will throw some light on the origin of this remsrkable
deposit. How did this minersl sand deposit originate ?,
Reference has been made to the fact that nearly 211 the seasonzl
deposits of the west coast can be related to :|.mport.a.nt drainage
channels but in the neighbourhood of Pulmoddai there &re no
su-stantial drainage channels to account for this concentration
of heavy minerals, and even if there were it would be exbremely
difficult to account for a deposit of this magnitude,

An explanation has to be sought elsewhere.and it is necessary
to discuss some geological detail briefly,

Apart from the Precambrian which consists of a complex of
granites, gneisses and meta-sediments, the other geological
formations represernted in the Island include isolated areas of -
Jurassic sediments preserved in faulted basins, the Miocene of
the north west of the Island arnd the more recent Pleistocene.

The last consists of a lower gravel formstion with prominent

quartz gravel and an upper layer termed the 'Red Barth' which

exterds as a broad but discontinuous berd from Puttalam to the

Jaffre peninsula and in places mey attain a thickness of hundred ;
feet and over, The role of the 'Red Zarth'! has been recognised

recently as an intermediate host in the formation of the detrital

minersl sands, Although the 'Red Earth' was believed to be absent

fram the east coast, careful examination in recent years has shown

the presence of .relic patches of this formation in Pulmoddai

and in Kokkilai, Thereas the'Rdd Farth! is exposed in cuttings

Coflbl'l.. 9/"'
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and excavations in the Pulmoddai village and in small estuaries
between Pulmoddai and Kokkilai, immediately north of Kokkilai

the 'Red Zarth!' forms a minor but recognisable feature risingz to

a height of twenty two feet running in a more or less north west -
south east direction. These areas correspord to the red and
yellow latosols lof Panabokke shown in his soil map of the Island,

: While the 'Red Earth' consists mredominantly. of
heavily dtained amartz grains with a fine ferruginous clay, it is
known to comtain heavy minerals principally ilmenite with minor
amounts of other minerals such as zircon, rutile, sillimanite and
monazite, Samples of the 'Red Earth'! collected from Arakalu
in the Puttalam North district during investigations for raw
materials for cement mnufacture showed & heavy mineral content
varying from 6 to 8 per cent, Further north, 'Red Farth'
samples collected from Pallugaturai and Kudremalai Point also
showed L to 7 per cent, heavy minerals, In all these samples
jilmenite is the predominant constituent &ccounting for over 80
per cent, of the heavy minerals, Streaks of heavy minerals
congisting mainly of ilmenite with other heavies resembling the
mineral assemblage in the Pulmoddai placer are seen to be washed.
out of the 'Red Farth' in the vicinity of Pulmoddai and Kokkilai,
ard it is therefore believed that mueh of the 'Red Earth'
which stretched down to Pulmoddai on the north east coast has
been eroded away giving rise to the Pulmoddai placer,

The mechanism of the formation of the seasonzl heawy
mineral sands of the west coast has been briefly outlined, If a
similar mechanism operated on the east coast and there were minor
chanzes in the relative levels between the land and the sea, one
can easily visualise the formation of deposits of mineral sands
several feet in thickness instead of a few inches as on the west
coast, Erosion of the Pleistocene formations of an emergemt
coast line would have led to reconcentration of the stable
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minerals by wave action and their accumulation as high grade ¢
concerntrations of heay minerals, and their subsequent deposition
under monsoon corditions during an imtervel of submergence. -
Subsequent uplift gave rise to the Pulmoddai placer which consists
of an actibe beach area or foreshore between low water and high.
water and a scrub covered backshore area 68 feet above sea level,
Tt 4is in the backshore area that rounded fragments and cobbles

are found scattered in the mineral sands; these consist of .
crystalline rocks, Miocene limestone and Pleistocene gravel.

The overall net uplift of the north east coast is proved by

the presence of raised shell and coral beds and by the Recent
sandsone which is well exposed north of Kokkilai, -

The role of the Arisimalai promontory in the formation
and preservation of the Pulmoddai placer should also be recocnised.
This is a prominent but marrow, rocky headland built up of
banded gneisses and gramites with relict caps of isolated . _
Pleistocene gravels extending for almost a mile into the sea, -
Tt marks the southern limit of the mineral sand deposit, Accross

the headland and over to the south po mineral sands are to be

seen except for a little garnet derived from the weathering of the .
local gneisses and the beach is cuite barren, There is no doubt

that this rocky headland has acted &s a trap and preverted the

dispersal of the mineral sands along the north east coast, It is

true to.say that but for Arisimalai, there would be no Pulmoddai

deposit .

The origin of the Pulmoddai placer is not a matter
of mere academic interest. If this theory is correct, and the .
evidence is overwhelming in support of such & view, there is a
vast potential for the development of the mineral sand industry
by the exploitation of the Red Barth deposits on the west coast.
Their exploitation will requife technioues of mining and processir”

rather different from those which are now in use in view of the
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low grade of these sands. A preliminary wet stage of
pre~concentration will be reguired before the sands can be processed
in a magnetic installation or Dry Mill, However, before their
exploitation can be undertaken detailed studies including pilot
tests will be required on the extent of the Red Farth deposits,
Without such studies, an estimate of the tonmages of heavy minerals
present cannot be furnished, but from the nature and extent of
these deposits there is little doubt that the tonnages available
will exceed by far the Pulmoddai mineral sand deposit.,

As mining proceeds we will have to fall back on leaner grade ores
but the Red Earth deposits because of their extent and depth can
provide the basis of a viable mining industry in the future long
after the exhaustion of the Pulmoddai sands. The successful
development of the low grade deposits will depend on a high

degree of mechanisation, improved flow sheets which will ensure
high recovery rates and the successful marketing of all the finished
products and not merely the low value minerals such as ilmenite.
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FORESTRY RESEARCH
A.E.K.TISSEVERASINGHE

In comunon with nost other Forest Departments in other parts
of the world, the early research efforts of our Forest Officers
were directed towards the study of natural regeneration of forests.
Lp that time, the Dry Zone was considered to be the more valuable
forest since the best and most acceptable species such as Satin,
Palu, Ebony, Milla, Hulanhik and Wewarana were Dry Zone species.
Hence the research effort was concentrated in the Dry Zone.
Unfortunately most of this effort was wasted because the Dry Zone
forest could not be made to regenerate naturally using the usual
techniques. It tock a long time for forest officers to accept defeat
in this field, but even now we are asked why we do not regenerate
or plant the naturally occurring species instead of planting exotics
such as Teak and Fucalyptus.

Teak was introduced into this country some three hundred years
ago but all planting of Teak at that time was in the Wet Zone.

About a hundred years ago one or two dedicated foresters
decided to try out Teak planting in the Dry Zone. The work of this
early planting was dohe at no cost to the Government. In one of
these areas the Teak planting was combined with chena cultivation
so that this system not only produced a valuable plantation but also
mitigated the evils of chena cultivation. This valuable work
enabled us to realise the forestry potential of the dry zone which
is otherwise clothed in a poor, low productive forest. Today we
are planting as much as 10,000 acres of Teak per year = all of it
grown in association with chena cultivation so that we are not only
growing trees but also food crops to the value of nearly Rs.6 million
annually.

Jugt as in the dry zone, it was found that the montane zone
foreats also could not be regenerated naturally. Certain exotic
trees such as species of Eucalvptus, Uypressus and Agacia however
thrived if planted in this zone. Fairly largze extents of plantation
were thus created in this zone. Not much attention was paid however,
to the utilisation of the timber of these species and we still have
certain difficulties in this field.

In the intermediate zone Jak and Mahogany were planted and here
of course we have no problems of utilisation since these are both
well known and acceptable timbers.

The Wet Zone forests were comparatively neglected in the
early days of forestry because only a few of the species growing
in these forests were kmown and even these were only locally used.

Up to about the nineteen thirties forestry research was
relatively unorganised and depended on the enthusiasm of individuals.
In the nineteen thirtdes a special officer was appointed to attend
to Silvicultural research and another for timber utilisation. For
the first time a programme was initiated for the systematic
investigation of the silvicultural properties of our local tree
species. Utilisation research could not be started on a systematic
basis tecause of the lack of laboratory facilities. The value of
this sort of work is however demonstrated by the example of Hora

(Qinjgxgﬁazﬂ%guzgxlanigng). This is a species that could not be used
in the past (except for? Biail1 purposes) because it was

prone to decay when exposed to the weather. In the nineteen thirties
thisg timber was sent to England for testing since no facilities were
available locally. The tests proved satisfactory and in about 1952
an impregnation plant was installed to treat non-durable timbers
with preservatives. Hora was the timber most used and up to very
recently more than half the railway sleeper requirements and almost
all the transmission pole requirements were met from Hora. A few
figures may be relevant to illustrate the financial return from



this type of work. From 1948 - 1956 a total of nearly Rs.28 million
of foreign exchange was spent on the import of sleepers. In 1957,

as a result of producing the full sleeper requirements of the country
locally, the saving in foreign exchange amounted to approximately
Rs.3 million (Administration Report of the C.F. - 1957) . In contrast
to this the cost of the plant was about Rs.600,000 (it is in fact
still in operation) and the annual cost of creosote and furnace oil
is negligible. Today we are using many more species for use as
transmission poles e.g. Algtonis macrophylla and Encalyptus saligna
none of which would have been possible had not the early work on Hora
been followed up by a commercial scale plant.

From 1952 a Timber Utilisation Research Laboratory was set up
with FAO aid and from that time systematic investigation of the
properties of Ceylon species of timber became possible. The only snag
was that although the equipment was available, the staff provided
was grossly inadequate. I do not expeet a country like Ceylon to
have a Forest Procucts Lnstitute staffed on the scale of say India
with a profesional research staff of 115, Malaya with a professional
and technical staff of 149 or the Phillipines with 40 different
research sections (it was too tedious to count the staff !), but when
you congider that our research staff consisted of one Senior Asst.
Congervator who had other duties as well, and only one full time
Rescarch Officer, I am sure you will agree that much output could not
have been expected. Even today the position is not much better. The
staff consists of one Senior Asst. Conservator, 2 Research Officers
and 3 Technical Assistants.. Neither of the Research Officers has been
trained in any of the fields of Timber Utilisation Research. Despite
these limitations we provide the sole advisory service on all matters
comnnected with timver. We have to identify samples of timber sent
by Government Departments all over the Island ~ several hundred per
year, advise on seasoning and preservation, identify agencies of
destruction and advise on control measures, provide information on
properties of timber to engineers and architects, issue certificates
of conformity. with specifications to exporters of timber and timber
products and various other matters. of these matters are the
business of specialists but we have ﬁﬁ%gacks of all trades. In the
field of Silvicultural research similarly, we have only one Research
Officer. I hope this will be borne in mind when our regearch efforts
are evaluated.

I have so far given a brief sketch of the background to our work.
I shall now attempt &n exercise, the object of which is, starting from
a datum, to proceed step by step and ultimately to derive our research
priorities. This may seem somewhat ambitious but you may judge how
far I have succeeded.

The point from which I am starting is what I call a Universal
Forest Policy, in the sense that its unexceptionatle aims are
applicable to any country. This, stated briefly, is as followsi-

1. Consgervation of soil and water, and the furtherance of
scientific and cultural aims.
2. Optimm economic return from land under foregt in relation
to the needs of the country in a manner consistent with the above.

The next step is to expand the term "Needs of the country" in
relation to ourselves. These are fuel, wood for construction and
furniture, Railway sleepers and transmission poles and timber for
industrial use. Forest products other than timber which are needed
in the country are, to name only a few, resins, gums, fibres, oil
seeds, and so on. In the present day, exports are a vital need and
hence this is also included.

Now we consider how the two objectives, conservation of forests
and optimum economic return from foreats can be achieved in relation
to our needs.

We formulate a strategy as follows:i-
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1. Retain the Wet Zone forests while increasing its productivity
but without clear felling.

2. Create plantations in the Dry and Montane Zones since the
forests in these zones are of poor quality and difficult to
regenerate.

The problems encountered in dealing with natural forests are
different to those of plantations. Hence we divide our tasks broadly
into thege two categories. As far as Timber Utilisation research is
concerned the proble.s are common. In regard to the Natural Forest
catezory the strategic areas for investigation are -

1. OConsgervation aspects. Here the problems are the effect of
clearinz and the effect of gelective felling.

2. Availability of timber. This can only be known by continuous
inventony.

3. Growth potential. In arder to find this out studies of increment
and felling cycles have to be carried out.

4. Improvement of Natural Forests. Before this can be attempted,
ecological and silvicultural studies including the natural
regeneration aspect have to be carried out. The effect of
cultural operations on increasing productivity has to be
determined. The cquestion of enrichment planting also needs
investigation. i .

In regard to the man-made forest category, the areas for
investization are:-

1. Growing stock. As in the case of natural forests here also
we need continuous inventory. In addition, site quality
studies have to be made and volume and yield tables constructed.
2. Choice of species. Trials have to be made not only with
new species but with different provenances of these species.
Trials are also necessary to determine the best species to suit
particular climatic and soil conditions.
3. Improvenent of growth potential -
This area ig divided into two:
(i) protective measures which include protection against weeds,
fire, insects, fungi and other agencies which reduce productivity

and
(3i) cultural measures in respect of which studies have to be made of
Nursery practice, espacement, thinning, tree improvement and
fertilizers.
4. Eeonomic aspects. I have included here only two items of immediate
relevance - evaluation of economics of planting of different
species and cultural operations and market gtudies.

I have left one area - utilisation potential - to the last, not
because I consider it to be the least important, but because it
is comon to natural forests and plamtations. Here the research tasks
are in the following fields, timber testing, wood strycture,
seasoning, preservation, forest products other than timber, prevention
of degrade of timber by physical and biclogical agencies, designs of
tinber structures and industrial uses.

So far I have only ligted areas fow investigation and I have not
suggested any priorities. What criteria are to be taken into account
in deciding on priorities? Priorities camnot be decided on a purely
seientific and abstract basis. If this were done all our research
offorts will have to be concentrated on the natural forest because it
is lozical that we must first know the reseource which we are
managing. Another criterim todecide priorities would be the amount
of money being spent in the area of work. If we use this criterion,
our research effort must be concentrated on the plantations because
most of our expendityre is on plantations. 8till another ctiterion
would be the economic return expected from the research. This criterion
is a little more difficult to apply as opinions can vary as to which
area of investigation is likely to bring in more economic returns.
Some foresters advocate a policy of use before replaceument.
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This means that the research effort must be concentrated on getting to
know mors about the species we have with a view to using them. Others
advocate the policy of planting the species of tree which we kmow to ¢
be acceptable or required for industrial purposes.

In Sri Lanka we are attempting, with our limited research staff, -
to do both these things. Timber Utilisation research is directed -
towards knowing more about the existing species of timber while the
silvicultural research is concentrated on plantation forestry. Up to
about 15 years ago this was not go. Silvicultural research was
concernsd almost entirely with natural forests. Many years of this
gort of research did yield results, in the sense that we knew much
nore about our natural forest species but the economic return
from this was negligible.

At the present time we are making efforts to provide the needs
of incustry by raising plantations e.g. Pines for the paper industry
and Albizzia for the match and packaging industries. This creates
more problems for research. Thus in terms of the areas of investi-
gation described earlier the silvicultural research effort is
concentrated on choice of species and improvement of growth potential
of plantations. Considering our present circumstances, particularly
the staff limitation, this is inevitable. I have tried in this
paper to describe our research effort in broad terms only, no
attenpt has been made to describe individual research projects because
thege are available in other documents such as Administration Reports.
I will however mention just a few which are considered to have
contiibuted to development in this country. In the field of
gilvicultural research we have provided ndw fibre resources for the
paper industry by growing Pines and Bamboo. We are also growing
Beedi wrapper leaf which is presently jmported into this country at
an annual cost of Rs.8 million. In the field of Timber Utilisation
regearch we have created a new resource by evolving a method of
treating rubber wood. Already several million rupees worth of
furniture has been manufactured from treated rubber wood and treated
rubber wood panelling is being now exported to various European
countries.




UNIVERSAL FOaEsT TPOLICY
1. Conservation of soil and water; scientific and cultural gims.
2. Optimu} econonic return from land under forest in relation to the needs of
the country in a nanner consistent with abhove.

l

HEZDS OF TiE COUNTRY

1. Heeds of the country are - (a) Fuel; (1) Construction timber; (c) Railvay
Sleepers; (@) Transnission Poles and (e) Raw naterial for vood “ased
industries (Plywood, Tarticle board, Paper and Paper pulp, natches and
packazing). '

2. Bxport

Yorest products other than timber.
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STRATEGIC OBJLCTIVES

1. Retention of wet zone natural forests while
increasing their productivity without clear fellin:.
2. Since //5th of the forest area in Ceylon consists

NATURAL Sk of dry and mentane forests vhich are of poor quality|  f MAN-MAE
PORGATS 5 it is inevitable that man-nade forests must be FORBSTS
i created.
= 3. While retainin: the forest cover in the wet zone at
all times, attempts must be made to increase its
productivity.
STRATEGIC AREAS FOR INVESTIGATION | 1
2 - .
7@ i 1.Effect of clearin; 1.Continuous inventory (area of volume) _ \
- CONSER~ 2.Effect of selective 2.5ite quality detemination, - [ GROWING
TATION fellins, 3. Construction of volume & yield tables.| \STCCK
" LSPECTS
\'-_.___
7 ATATLAS Continuous inventory 1.Trial vwith new species and races. CIIOICT OF
STLIPY (area and volune) 2.Trial under different climatic & SPECILS
oF soil conditiong.
. TINEER
:
= PROTECTIVE CULTURAL
S GLROVDTE : 1. Heeds 1.lursery practice. MPROVE.~
/ * POTEITTAN ;f};ﬁe"f‘“g S:“d"es' 2.Fire 2,Espacement trials. FENT OF
'- e S g 3.Insect 3.Thinning trials. 1\ cromz
e Pungi A.Tree inprovenent POTEHITAL
5.0thers 5. Fertilizer trials
: 1.8ilvicul ture studies 1.Bvaluation of economics of planting
DPROVE- including Hatural of different speciecs & effect of ECONGHIC
=T OF - receneration studies. cultural operations. ASPECTS
HATURS 2.Enrichnent planting 2. Markket gtudies.
FPORESTS 3«Cultural operations.

{.Routine testing of timber 5.Forest products other than

2.Wood structure studies timber,

3.Seasoning methods f.S5tudy on the prevention of

%<Wood preservative nethods degrade in tinber by physical TICH

' & biological means. ; POTEITIAL

T.Jesizn of timber structure
from spall size tinmber,
8. Industrial uses.







CURRENT SCISNTIFIC RESEARCH AND ITO
RELZVANCE TO TtZ DEVELOPIL.NT OF
SRI LANKA
FISHORISS
by
P. Canagaratnam
( Research Officer,Dept.of Fisheries)

Introduction,

The subject "Fisheries® haz beon discussed some years ago ot mectings
of the Natural “cicnces scetion of our Ascociation and at mny moctings ithin
the Department of Fisheries. These discussions vere largely on the a:inescment
of resources and development programs, The prosent symposium “current
scientific research in fisheries and its relevance to the development of
3ri Lankaﬂ orzanised by the council of thc CAAS has given an opportunity to

all intercoted percons to participate.

Research in the various ficlds of fisherics had been conducted prior
to the setting up of the Pisheries Research Station. Naturolists attachod
to the National Muscum carried out sork on types of fishing 'nd thoir geor,
pearl ficheries, travling, nd some oceanogr.phic rork. Rese.rch work for
improvement of the existing ficher es was conicmplated . bout 1920 .nd the
pr-sent research station vac built only in 1934 but research staff wvas not
recruited until 1949._

Travler Fishery.
I would like to begin with the trawler fichery, though not a
significant contributor to our total marine fish landings, because considerable

work had been done in the carly part of this contury as well as recently.

The carliest rccorded attempt at travl fishing was in 1902 and this
was carricd out on an experimental scale off.the Pearl Bunks, Five years
later exploratory surveys of our travlable grounds - Wadge B.nk ( approx.
3000 sq.miles ) and Pedro Bank ( approx. 1800 sq.miles) - wiere carried out
but traling operations on a commcrei:l scale werc begun only in 1928 by
a private company. The quantity of fish taken per day's travling in both
Banks wrere cuffieient %o make it a profitable venture but this company
could only proceed with its operations till 1935 owing %o difficulty in
morketing the fish,

Again in 1945 travling was commenced by Covernment rith one traviler,
In 1951 the second travler wes purchased but an year later the first trauler
was found to be uncconomical to operatz. By mid 1953 two travlcrs were
fishing on the Wadge Bank. OSome private companies too tricd trauling
operotions in 1947 ~ 48, 1961 and 1962 -~ 63.

contde.2.




The surveys carricd out during the period 1949 - 57 indicated
that the year to year variations in the catch per unit of fishing
offort did not in any uay suggest that travling affected the abundance of
the Wadge Bank fishes. It was therefore sugsested that fishing
precsure could be incrcased contiderably by adding more veusels to the
existing flect. ©Oince =caconal variation shoved a moximum during the
April - October period it was rccommended that maximum fiching effort
be cxerted during this scason to get better roturnse It was at about
this time that the cold storige plant ~nd fishery horbour at Mutuzal
vere comploted vith Cznadimn aid and hence an opportunc time to begin the
expansion of thiz fishery. Hoiever, it vas not until further studies
uere conducted during the period 1958 — 63 that the necd to incrcase the
travler fleet vith stern travlsrs to exploit the enlire fishable area
of the “adge Bank and also the Pedro Bunk was consideored.

From th: latter part of 1964 to mid 1966 the travler flect was
astrengthened with the addition of five 236 G.T. stern travlers. Presently
only the stern travlers arz in opcration as the earlior ones ierc not

opcrable.

The trawler oper-tions off the "‘adge and Pedro B nks, h ndled by
the Fisheries Corpor: tion, accounts for about 5% of thc Island's total
fish production. 'ith an oxploitable arca of ncarly 4800 sq. miles it
is reaconable to expcct an anmmual catch of about five times the present
production of marketable fish i.c. 10,000 tons. This estimate has becn

vorked out on catch rates for several ycars.

‘ iladge Bank catch analysis has shom that during the south wect
monsoon the zverage c tch vas almost tuice that of the other scasone.
The spocics  composition too changes during the S.'7.moonsoon period as
a reoult of migrant spocics moving onto the Bank. These migrant spoclies
supplement the rogul v catch of rusident sp cies vhich constitute the

year round mainstay of thc trailer fishery.

i7ith our present rescarch cffort of morely analysing past and
current records we vill not be able to get adequate information about
vhat factors couse migration and hence lcarn to predict their extont and
time of occurrcncee Theraforc, to obtain the maximum benoefit of this
phenomenon it as suggestod as far back as 1957 that a long term rescarch
program be initiated. ‘e have not been able to get this progran
started for rcasons such as lack of staff and justifying the cxpenditure

on a fichery that is a poor contributor to the total production.
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Even now it seems worthwhile considering expending a litile research
offort to undérstand the reeruitment to theose fishing grounds as it is
important to thc success of the travl fishery. An understanding of the
migration phenomcnon will certainly be a boon to the trawvler fishery and tho
existing fleet itself would suffice to bring in five to six times the

present landings from the Wadge Bank alonc.
Coastal Fisheriecs.

The coastal Fisherics accounts for nearly 90% of the total fich catches.
This is because the rumber of units involved is relatively very high. There
is the beach seine fishery vhich 1° stlll the biggest single cnntributor

chani troditional craf

(25%), non-mechonized traditional crﬁft;?machlnznad boats u51nv a varicty
of gear such as drift nets,sct ncts, handlining, longlining, trolling ctc.,
A glance at the cstimatced annual production from the coastal fishery, as given
in the administration rcports of the Director of Fisherics, shous that

production has increcased almost five times since 1953.

What werc the factors th-t cnabled the st:gnant coastal fishery to rcach
the present lcovel of production. There verc many snd among them mcwchanization
was the most important. In 1953 the first experiments touards mechanization
were tricd out irith FAO ascistence in the northern arca. Various types of
engines were tried out on indigenous craft as vell as on other boats designod
to suit our nccds. Along with this different types of gear such 55 float long~
line, bottom longline, nylon gill-ncts and tho purse scine were tricd out
tith FAO and C-Plan Canadian Aid. These experiments were successful and
paved the vay for organising a scheme 0 develop the coastal fishery through

mechanization.

Among tho most successful was the 26" boat with an inboard dicsel engine
roeferred to as the 3% — tonner. These bosts with {the required gear have
been issucd to fishormen on a  hire purchase scheme. 3ince 1959 the
Department of Pisherics has issued over 2000 mcch nized boats. The mechaniza-—
tion of tradition:l craft such as teppams with ocutboard engines vas also
a success and since 1962 over 1800 outbozrd engines oo vere i=sucd to

fichermen on o hire purchase schemc.

These 110 development schemes incrcased the fishing efford and beach
geine fishery vhich in the fifties contributed over 2/5 th of the total
1andings iz presently contributing only about Zth of the total production
(though ite fish landings have not dropped Y,

Besides fish the coastal region prouuces foir quantitics of pr ms,

lobsters, holothurians, of sea = cucumbers and 21gace
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The spoecics of proms -nd their dictribution howe boon studicd,.
Trizl. :ith -mell tre 1l nets suitoble for operntion from 35 = tonnors
are being conducted to tost the efficianey of thin goar in despor co st:-l
vaters. The proom fishery o g beon intensifisd oving to the high prices
p id by cxporters. Further dovolopm nt of thin fi hery i1l depond on itho
discovory of naov gronnis nd for thic survoys hve to be con' cted,

progr m for “his ¢ oxvey has baen posiponad for want of personnel and funuc.

In our vater: ¢ h vu sever 1 spocics of upiny lobsters and their
distribution is knowm. Several tri-ls with traps werce tri~d out but th:se
were not very successful, Lobster fishing begun by skin divers has
doveloped rapidly ouing to the export markcts. Lobster fishermen arc nou
using sct-ncts and lobsters of 21l sizes arc taken. It has beon obscrved
that the average size of tho"iobéter talcen nowr is much smsller and this ic

an indication that overfishing ic taking place.

The research division informed the Department cbout the rapid decline
in the length froquency distribution of the various specics of lobsters
captured znd requested theat this fichory should be managed. The Ministry
of Fisherics will introduce legislation shortly to prohibit tho taking of
undersized lobsters, and to reserve certain arcas as conscervation zones.
Further studice will be carrizd out in those zones to detormine grorth rotes
and rocovary of depletod stockse This information will be uscful to develop

the lobster fishery to produce sustaincd yiclds.

The holothurisn or ses - cucumber is procenzed and oxported as 'Boche -
de = mor'. Ltocks of various speeies of holothuri ns arc being assesced
along the uwestern and northern coasts. Improved tochniques for proce #ing
of the rav product have becn introducecd nd th:'proce sed product is being
sold at higher pricss. This has oncouraged the fichormen to int;nsifylthoir

efforts and production i: being incro. sed.

Marine algac ar: plonts .nd there arc a number of specics thit could
be utilized and among them are cert in cpocics commonly roferred to as

seoviecds .

A survey of the scawecd rssources vas carried out in the corly fiftics
and it vas found thot two specics of red seauced or *Ceylon Hoss !
belonging to the genera Gracilaria were av-ileble in commeroially
exploitable quantitics particul rly in the Puttalom, Mannar ~nd Trincomclee
arcase Thic scaveed yiclds agar hich iz 2 jelly u.ed in the preparation of
confoction ry, conning fizh =nd cs a nodi. for growth of bicteria. This
commodity ras cxportcd in 1961 but the coxport tr.de fecl as therc vas
no chuock on the quality of the cxported product, The preparation of agar
haé been tricd out ond the IDB is nou carrying out further tusts in our

laboratory vith o view to setting up a small agar plant,
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A brom seawced czlled Sarg-cium is available in large quantitics
and from this alginic acid could be pr:paréd nd itz esleium and sodiwm
salts arc wied in the manufiocturce of miny goods, cspeci 1lly textiles. The
extroction procen: for zlginic acid ic being tri.d out to auzcortiin whethor

-this product 7ill suit tho ncods of our cxpanding toxtile industrics.
Off. Shoro Fishory.

This fichery is confinod to the ar:a beyond the continental chelf =nd
rithin 100 milus from -hore ( iece 15 = 100 miles ).  Species commonly taken
from thiz region are the yellonfin tunc (kelawalla ), skipjack (bzlaya)
and the smallcer tun-~ liko spociese Skipjack ond other tuna like zpeecice
arc lso taken in co-stal watsrs vith gill = ncts, troll lines aznd occpsionazlly
with the pole - cnd - line mothods The flozt longlinc mcethod tras introduced
in the late fifties to catch the yelloufin tuns but the fichormen using their
¥ ton bout could procecd only to arsas up to 20 or 25 miles from shore
where this fichery is not well ostablished. If has becn recommended that
38: - 40' vessels could be ingroduced to exploit the 15 - 50 milc zone and
50! - 60" yescels to fish the 50 -~ 100 mile zone, Much work has to be
done to develop the tuna longlinc fishery as well as the polc -~ and = line
method for skipjacke. The biggest problem in those two methods of fishing
is tho supply of béit.

The firest step in developing these tuns fisheries iz to ccotablish a
bait fichery for the longline mothod -nd live bait for the pole — and - linc
method. Since the estimoted exploitable rusources of skipjack arc high and
‘the prospects of finding export mark:ts for this fish are good top priority
has beon given for its development. Tochnic:l assistance ind funds from
F.0 have beon obtiined for n U N D P skipjack project combined with rosources
survey for pciagic fishes of the cosstal watcers. The latter part of the
project is essentially the bait fish survey to feed the skipjock fichorye.
This projsct is nou undervay - nd will be carried out during the next threc

yearte

MmUS SR = Sri Lanka fishery urvey vas conducted last year to assess
deep sca lobsters and pram stocks and other markotable specics of fish on
the continental edge and slope. This zonc is outcide our Ferritorial waters
and is usually over 150 mcters decp. . A spiny -lobster ( Puerulus scwelli )

and many spccics of prams were located in several patches but their
concentrations verc not mufficicnt to varrant imwestment in a decp sea

travler Iishery.
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Inland Fishorics ( brackish uaters and froshvaters )

L |
The cxtent of br-ckish vatwre it obout 300,000 acres and thiz includes
shzllow 1l-goons, tid .1 flats, mangrove svamp: and estuarico. These water
boliss occur sround the codztal bclt and arc £i hed by m rinz fi hormen on a ’*"

part time basis then thoy cannot go out to sea. Only & fou do full time
fishing in lngoons. Beside: the crabs, nd provms o feu sconomic 11y
import-nt fish aru :lso czught. The production figures from thouo iators
are included in thc co .zt:1 fichery 1 ndings. An average procuction of 20 1bs
acre/ year has besn cstim ted for thuse waters.

There iz ons research station for brackish water fiherice at Pitipaqn.
Here experiments arc conducted 0 demonstrate fish culture mothods. Thio
centre is at present uiced to culture praims, crabs and milk fish ( Chanos )e
It could -150 be used to culture the grey mullct thich h s been cuccessfully
doveloped in Isreal and Talian. The production from pond culturc could
be as much as ten to tuenty timos as that of a comparable zrea in the natur:l
environment. Some priv.te compznics and several rosidents around lagoons have
started brockish water fich farming.

Froshuaters include irrigation rocervoirs, hydro - ¢l ctric roscrvoirs,
smzll village t nks and flood likes or tyilluc®. Almost all these stonding
water bodizs ars mon made. Besides those there are gixtecn major rivers -9

and the total oxtont of 211 freshuator bodiuvs is about 200,000 acres.

Fish production from freshwators was negligible about fiftecn yoears ago.
In a survey conducted in 1958 it was found thot the average production of fish
from an cstim:zted arce of 150,000 acres uas lose than T lbs/ acre/year or &
total production of 446 +tons. With the opening up of nev regervoirs the
arca of froshuators incrsased to 200,000 acr.us in 1962 and thc total production
estim ted vas 3350 tons. Last year's figure of 8000 tone brings the
average production to about 50 1bs/acre[yuar. Thi: incroase vas mainly due
to the suyotom tic stocking of fish fingerlings :nd of these Tilapia mo: saibica
introduced from .ingapore in 1951 was the mo=t successful. Today Tilapia
contributes about 90% of the comm.rci-l c.tches in some reservoirs. ‘ith
tho entsblizhment of this spocics fishing offort increosed in all water
bedics that rorc ctocked.

Investigitions connceted tiith hotching and rearing of carp, giont -
gouramy nd  Ronosex culture ‘of Til~pian arc being c rricd out at the
froshistoer stations in Polonnaruia and Udsirelaies At thicse tuo st:tions
about 200,000 fingerlings are produced anmually for di tribution -~mong fiszh
farm-re ~nd stocking open vaters. A third station will be opencd this
yosor in the mid country ( Arbagamuiia) to culture specics vhich are suitablo

for stocking water bodics at higher cluvations.
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To step up production a scheme has beon draym to introduce pond fich
culture in the centr 1 and outh wwest rogions. Inch pond :1ill be -bout
+ acre to an agro in cxtent and the totul pond arcs, according to thic
scheme, will be about 2500 acrese. This i zzpectcd to be complotad by
the ond of tho 5 year period -nd tho nticip.ted fish proluction iz 400 tons.
Likcwize 2000 acres of brackizh vat.rs around logoons 17ill be converted

into ponds for fith and praym eulture, Herc too the cxp.cted production

Protoction of our freshwators, ligoons 2nd the coast~l belt from
pollution is likely to beocome o very cceriocus problem in the ncar future if
romodial mospsuros are not token at the initi 1 steogez. Roports have honn'
received that the lagoon at Valaichenai is pollutcd by the efflucnts discharged
into it from the Papor Factory. Investigations ¢ -rried out a2t Valaichen-i
reve: led thot the lagoon is polluted nd the oxygen lovel is too lov to
suntain orgonic grovth, particul rly fich =nd praims., This problom of
pellution is no raceiving attention from gever:l minictries concernced rith

the protcction of our cnvironment.

Our reefs arc endangercd by the rapid incre-se of the 'Crom of
Thorns® star fish - Lcenthaster planci. This ‘'pollution of our rcefs’
can cause much demage to bonchoes, recf fauns nd floras Presently the
Departmont of Figherics has launchod a physic 1 attack in the most infzetcd
ares—lrincom:loc, These recfs have becn surveyed ond the arcss that have
been duscribed as having the 'Crom of thorng' starfish in plague
proportions are being 'elearcd! by divers under the supervioion of th. ro:ca;ch

divigion.
Conclusion,

OQur objecctive in carrying out investigations or research projocts is
to dovelop the fiching industry to moet our requircments of agquatic
promects ~ mainly fich. This must be proauced in cufficiont quantitics and
in good condition t0 raise our por capiis consumption of a good sairds: of

probety. Presently the per ¢ pita concumption iz around 35 lbe.( vithout
imports thiz vould be about 18 1bs) ond this is about 2 third of Japa®'s
Can ve aim at increacing our per ¢.:pita consumption to that of Jap Ir
we do, then ue should produce n.-rly 600,000 tons of fich annuzlly., This is
imposigible, We should aim at increacing our enteliic to on optinmm lovel
of our ustimatced oxploitable resources. This rill be in the rogion
of an anmunl production of -~bout 300,000 tons. ‘ith this proiuction e
could r-ize our per copite consumption to about 52 lbz. provided our

popul :tion-1rill rom-in st the present lovel.
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To raize our fish proiuction to provide a per capits consumption
of 52 1bs. ue nced much mor: rosearch offort, both applizd and basics
Mot hze hald uz back all thase years ? Thore ars saverzl factors

and among them =rc the follouing i-

(i) Lack of qualified or train:d porionncl czused by the vory

poor rcmun-r tion paid to reienticts.

(ii) ‘“ufficicnt funds arc not allocated for long torm projucte

and import nt bazic otudicte.

The rooesrch 'rorksr muct be regarded as a gambler vho 'don-tes!

his winning: to hi. org niration. He muzt bo rogarded as 3 partner in

L

all d-vclopmont proj:cts in - hich he iu involved. Finally, the research

worker mu:t feel ‘uanted’ and, not tre.ted 2o 'socond gr de' to get

thc best out of hin or her teolontoe

\ ocoolooo
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Ground Wabtcr Hydrology

by
¥.¥.P.Wijesinghe, M.Sc.(Geology) Durham, M.I.C.E.(Lon.) C.Eng.
INTRODUCT ION

Wabtcr cireulntes in various forms around and ncar the

surface of the Globe. The Scicnce dealing with vhis ever-
changing migration of atmogpheric, surface and ground watcr as
a complex inter-dependent systenm, is known as Hydrology.
Occurrcecnce of thesc phenomecna may be collectively recognised
as the Hydyoliogic Cyecle, all aspects of which must be under-
stood, at lcast in a general way beforc an accuratc picture of
the subsurface position of the cyclec can be achieved.

With the occurrence of precipitation on the land surface
a part of it is lecd away by rivers and glaciers to the sea and
some part infiltrates under ground. The remaining part is
partly lost by cvaporation and sublination beforc or .afver
arriving on the surface of the carth. The ground water moves
towards a vallecy, a lake or a decprcssion and joins the surface
:d to the ocecan. It Jjoins dircctly to sca watcer
in ‘coastal regions.

Ground wabtcr and its movement is always obscrved undcer
ground, in ard through soils and rocks. The scicnce of ground

o =

water treats, hydrologic rclations underground and occurryance

and novement of ground water. The papcr outlines the pertinent
featurcs cssentially of the subsurfacc portion of the hydrologic
cyele, influcnced by the distribution of surfacce water reginmc,
resulting from precipitabion of varying intcnsities. Kinds of
soils and rocks and their distribution as well as geologic
gtructurc. are different in arca and thickness. The underground
hydrological phcnomcna arc influenccd by these factors. Ground
water investigations of a few exbtensive aquifers in Sri Lanka
have rcvealed characteristic paths along which ground watcer
circulabes abt great depths influcnced by various gcological
features. To analyse the waber balance of any given ground

wabter basin for a cerbain period, a break down of the total
precipitation in terms of cevgpo-tramspiration infiltration and
direct surface flow or surface runoff should be fully apprchcnded.
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HYDROLOGIC CYCLE

The occans are the immense rescrvoirs representing
the "Hydrosphcrc" from which water originatées by evaporavion
and to which it gathers, prccipitating on the occan itself
or on the land surface. Not only sca watcer but surfacc land
water which is kept temporarily in lakes, ponds, swamps, rivers,
canals and depressions is losbt, by ecvaporavion. Vegeuvation
accounts for the water losscs through transpiration. 1In
countrics of coid climate a part of snow deposits and glacicrs
is lost likecwisce by cvaporation after melting and yet another
part, dircctly by sublimgtion i.e. dircect transference from
the solid state to gascous stabe. The total amount of watcr
cntering the atmosphere is very large. The depth of watcer
logt annually from the occan surface varics from about 0.5 mevre
(19.7 inchés) in the polar regions to 1.5 metecrs (49.1") in
the tropical regions. The average cvaporation for all the
occans iz roughtly 1 metrec (39.4 inches). On the other hand
rates of cvaporation as high as 320 cms (126 inches) and trans-
piration in the order of 228 cus (90 inches) have been obscrved.

Concd. ..




=2 -

Despite the large volume of water constvantly envering the
atmosphere, most of it is precipitated again on the occan and
land surfaccs. A part of the precipitation on the land surfacce
is carried away by rivers and glaciers to thc occan and sonme
part infiltrates underground. The ground watcr HOVES towards

a valley, a lake, a dcpression or sca, straining through soils
and rocks of various types and hydrogeologic' characteristics.
A1l thesc proccsscs are called hydrologic phenomena and such
circulation of water is called the hydrologic cycle.

SURFACE WATER

'The surfacc water is fresh and compriscs rivers, canals,
lakcs, ponds, swaups, reservoirs and depressions on the 1gnd
surfacc. It is distinguished in scalec and salinity from sca
water in the occan.  The run off is considecrcd synonymnous
with strcam fiow and is the sum of the surface run off and
ground water flow that rcaches the svrcansa Surface run off
cquals precipitation minus surface retention and infiltration;
The passage or movement of wabter through the surface and &he
s0il infilbration is to be distinguished from ground water flow.
Part of the waber that infiltrabes into the soil will continuc
to fiow laberally as interfiow at shallow depths owing to the
presence of relatively impervious horizons just below the soil
surface and will reach the strcam channcl in this capacity.
Another part will percolate to Gthe ground waber table and
cventually will rcach the strcam channel o provide the base
fiow of the stream, and still a third part will rcmain above
the waber tablc in the zone of the saturated flow.

when a drainage basin of a perennial strcam is hit by a
storm in the dry scason, the hydrograph of the stream, will be
digsturbed from its smoothly icvelling off curve and may assume
various shapes, according to the reiative magnitudes of radintall
intensity, ratc of infiltration, volume of infilvrated watcr,
s0il moisbture dcficicncy and other chaPacteristics of the svorm
and the bagin. The most rclevant parameters and their influence
on the four components of run off (surface run off, intcrfliow,
ground wascr flow and channcl precipitation) arc bricfly
discussed under the fllowing situations.

In the situation where the rainfall intensity 1s lcss
than the rate of infiltrabion and the volume of the infiltrated
water is not grecater than dhe soil moisturc deficicency, only
an addition to the strean filow takes place, resulting in a
siight increasc of discharge. Surface run-off intcrfiow or
ground watcr flow ncver occur undcr vhese condivions.

In the sccond situation where rainfali intcnsity is less
than the rate of infiltration and the volume of infiltrated
waber is grecaber than the soil-mosture deficicncy, the moisturc
content of Hhe soil would rcach field capacity and the ground
waser fiow accrction duc to storm occurs in addition ©o the
channcl precipitation.

In situation 3 where rainfall intensity is greater vhan
she rasc of infiltration and the volume of infiltrated waver
icss than the soil moisture deficiency, there arc contributions
fronm surface and channel precipitation but no additvional ground
water (i.c. owing to the storm ) .fiow on top of the cxisting
basc flow sustained by the ground watcer basin of the river.
(The river is called effluent.)
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In situation 4, rainfall intensity is grcecater than vhe
rate of infiltravion and the volume of the infiltraved watcer
is also greater than the soil moisturc deficiency. This is
the normal case of a big storm. Now therc is additional
gtrean fiow duc %o channcl precipitation, surfacc run off,
inverflow and ground watcr flow, although vhe ground watcr
flow contribuvion may bc ncgative (i.c. when the river beconcs
influent recharging the ground watcr basin).

A hydrogroaph (Pig. 4) rcprescniing the normal case of a
big storm shows the contributions of the various components.

(a) surfacc Run off -

(b) Intcrflow

(¢) Ground water flow

(d) Channel precipitation >

Channel precipitation ecnds with the storm.

In praeticc, the problicem is not to composc a hydrograph,
becauge the hydrograph is given by measurcments in a gauging
stabion bubt,K to zeparate its components. For simplicity channcl
precipitation and interflow are included in surfacc run-off
to form a singlc item. The problem is to separate this from
the ground wabtecr flow. A horizontal line through point A
(fig. 4) wherce the rising 1limb starts to interscet the recces-
"sion curve, may be considered as a first approximation to the

boundary bebween dircet run-off and base flow.

SUB-SURFACE WATER

A part of precipivation on the lagnd surface sceps undcer-
ground vhrough the soil zonc and is kept in a suspended state
and moves downwards vertically. This water gives moisturc to
the goil and i1s called s0il water or infiltrated water. A
part of moisturc is returned to the atmosphere dircctly by
cvaporatlion and the other partv is absorbed by plants to rcturn
again vo -the atmosphere by transpiration. An cxcess of soil
water gocs downwards to be stored bencath to form an underground
rescervoir, dammed up on an underlying impermcable straba or
compact rock mass. This is the shallow ground watcr and this
waser moves mainly in the horizontal dircction, which is called
percolavion. 1Io's upper limitv is a free surfacc with samec
hydrostatic prcessure as the atmospheric pressure on the ground
and is called the water table, the gradicnt of which controls
the ground watcr flow and obeys the laws of hydrodynomics.

The infiltrated water or soil water which does not rceach the
ground watcr table but joins a surfacc watcr body is tcrmed
intverflow.

The zonc of free ground watecr or phrcatic water merges
at depth into a zonc of densc rock with gome wabter in pores,
although the pores are not intercomnccted, so that water will
not migrate. The depéhs to densc rocks vary with geologic
cavironnent

AQUIFERS

The water bearing zoncs which both transmit and store
water are called aquifers. A rock which neither transmits
neyr svorcs waver is cmlled an aquifage.
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Aquifers can be non indurated scdimentary dcposits,
fracsured zoncs in densc plutomic rocks, porous sandstonc
bcds, open cavernous in limestones and many other geologic
features.

CONFINED AND UNCONFINED GROUND WATER

Hater thats is in dircet conbtact vervically with the
atmosphere through opcn spaces in pernmecable material is
cailed unconfincd or frcc ground wabter. When water flows
through an aquifer situatcd between Two laycrs of aquifuge
or aquicludes above and below, separatcd from the atnmosphere
the ground water is called confined or artcsian ground waccr.
The Lerms semi-confined is uscd for the intermediabte condivions.
In many arcas che firse unconfinecd water cncountcrced is above
the general zone of phreatic watcr and is a more or lcss
isolatcd body of water whose position is controlled by struc-
turc or stratigraphy. This is called perched water and the
upper surface is called a perched water vablc.

Wwhen a confincd aquifer is cut by somc fault and watcr
icaks out through this fissurc or a hole driiled to this
aquifcr through and aguiclude (impervious bed) water riscs
under hydrostabtic pressurc.cxisting in the aquifer. Water
springs with prcssure if this piczometric height is above
the ground lcvel and we gev artcsian flowing conditions.

VOVEMENT OF GROUND wATER

Phreatic or frcc ground water percolatcs in a horizontal
direction towards a river vailey, or sowc deprcssion which 1is
situnted at a lower lcvel. The velocity of Ghis flow is
controiled by the siope of the water table and af fected by grain
size and structurc of the mcdia. ]

Scdiments such as gravels, sands and clays arce corposcd
of different size grains and show diffcerence in cffcctive
porosity affcetcd by their manncr of sorting and arrangcmens.
Some rocks arc impervious to watcr but have many figsurcs,
cracks or other openings and permit wabter casily through as
acen very often in limestonce and plutonic rocks.

Ground watcr pcercolates in mOsST cascs as Q ianminar flow
with a very slow velocity, forming filtration Gubcs through
space among grains of the medium. I% is called a "Uniform flow"
when the permancnt or laminar flow has o constant veclocivy.

when ground water flows through cavitics or cracks large
cnough in spacc, the flow is nov perumancnt but turbuicnt and
the movement of waber molccules always changes its velocity
and dircction.

VELOCITY AND DISCHARGE CF_GROUND WATER FLOW.

when ground water flow takes placce through gcologic
formations under ilanminar or non turbulent conditions 1tUs
vciocity V, is proportional vo the hydraulic gradicnt i and
the cocfficient of permecabilivy k.

isz¢e. V=XK1 i

which is Daray's formula It depends cssentially on (1)the
geonetry of the 1 i.c. Sheir sizc and shape (2) mincral
compositvion of s0il icles or grains (3) the propertics of
the percolating flui cicularly its viscoslity.
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For morc or less accuratce cstimavion of the velocity
of flow, the cocfficicnt of permcability should be detcermined
cxperipentally preferably in the flcld. Laboratory rctvhods
using permcamcters may also give some uscful informatvion on
the valuc of the coefficicnt of pcrmeabilitvy. This is cxpresscd
in cm/sec. in laboratory tcsvs and in fect per day or ycar for
practical cnginccering computations. :

In gcohydrological computations, the coefficicnt of
permeability 15 cxpresscd in terms of discharge and designaved
generally by capital levter K. It may be defined as vhe rate
of flow of water in gals per day through a cross-scctional arca
of 1 s8q.fv. under a unitv (100 per centv) hydraulic gradient av a
-temperature of gO°rp.

In the casc of artcesian aquifers, assunming that water
fiowing along is transmitted from scction to scction of The
aquifcr and no water is relcascd from storage, anocher concepe
is uscd by geohydrologists. This takes into consideration the
thickness of the aquifer D and the amount of water transmitved
across a prisp of unit square base arca vo the full thickncess
D4 under the action of a unit hydraulic gradient (i = 1) i.c.

T = ED
T is the cocfficicent of Transpissibiliity or Transnissivity
which shows the ability of the aquifer o transmit water. IfT
che width of the aquifer is b £¥. and the actual hydlau1ic
gradicnt is iO the amount of water transmitted from scction ©o

section is

1i
4
L

Q = Tbi,

The cocfficicnt of pcrmecabi
day and T is also cxpresscd 1n fotal
the agquifer.

iity is cxpresscd in gals per
is per dqy per foot width of

The coefficicnt K and T arc¢ determined from purping tests
using ¢ group of cmpirical formulac known as cquilibriun
formuiane, under the assumption that the amount of water ¢ pumped
during the day is constant. (i.e. stcady state pumping).

The other 1pproach to the analysis of an aquifer was proposcd by
Theis, 3 formulac being known as the ﬂon—chL*lbr1dJ fornuliac,
in which uhC time facvtor t and the cocfficient of svoragc S

is introduccd. For non-confincd aquifcrs the coefficicnt S is
cquivalent to the specific yicld of the material dewatered by
rurping. In Surn, the specific yield is the: quanﬁiyy of watcr
viclded by gravity oniy, from saturated water bearing material
and is cxpresscd as a fraction of the volume of matcerial draincd.
In the case of an arvesian aquifcr § is thc ratio of the volume
of watcr obbtained from a prism of water becaring material with

a basc 1 ft. square and a hecight equal to the thickness of The
aquifer D, per unit drop of hydraulic hcad, to the volume of
that prism. The valuc of the cocff 8, for instance, cqual ©vo
0.00022 mcans that 320 cu.ft of waber would be relcased undcr

an arca of the aquifer 4000 ft squarc (4000 by 1000 ft.) as

the average head declincs 1 £§. Both T and § should be
considered as empirical characteristics of a given artcsian
aquifcr winich can be dctermincd from pumping TesSes.
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GROUND WATER OCCURRENCE AND AQUIFER CHARACTERISTICS
IN SRI LANKA.

The crystaliinc rocks arc at or ncar the surface in
approx. 90% of the landmass of Sri Lanka and ncarly two-thirds
of this falil within the dry zone recciving a moderate scasonal
rainfall averaging about 50"-annually. The rest of The crysval-
linc region is in the wet zonc of the South West Sector, with
rugged topography rising over 6000 ft. above ¥.S.L. having an
annual rainfall averaging from 100" to 200". In spitec of vhe
abundant, the aquifcrs in crystalline terrain arc limited in
cxtent and thickncss as a result of The shallow impervious
hard rock strata which contain water in fissures, cracks and
faults cven abt grecat depths. Main groups of aquifcrs consists
of (1) coarsc grained,’ loosc sand and gravel surfacc dcposivs
in igolatecd positions (2) lake dcposits, wind decposits such as
duncs or sandy varictics of locecss (3) alluvial deposits in-
river valicys, flood planc formed of silts, sand and gravel
deposits and (4) rcsidual soils derived from in-situ weathcring
of rock. Thesc aquifcers consisting the overburden cover of vhe
crystalline bascment are gnerally less pervious and cven other-
wisc duc to the limitabion in extent and thickness the yicld
into wells are poor which normally range from 5 to 10 gpm with
cxcepvions upto abouv 30 gpm. Highly fissured or faultered
zonecs of the crystalline bascrent may also be rcecgarded as
aquifers of limited yicld capacivics.

For this rcason cxtensive ground watcer developument for large
wabter supplics for industrics, irrigation or city usc arc nov
fcasible in the hard rock regions. But for small scale indus-
trics and cultivations large diameter shallow dug wells arc
widely uscd, whiic often surfacc water rcesources from rivers,
inkes cte. arc being largely utilized for big scale development
projcces.

On the other hand, the rcmaining onc-tenth of the island
s underlain by the deep secdimentary rocks primarily of Miocenc
imestonc and he sandstoncs, confined to the North and North
Coastal Belt. The limestoncs are pronmincent sourccs of arcsian
and phreatic wells on account of their cxtensivcly cavernous
(Karstic) naturc causcd by the solubtion of calcitc, the primary
constitute of limcstonc. Artcsian and unconfined aquifers of
‘depths ranging from 100 to 700 ft. or more arc normally cencouns
tered in arcas along the coastal belt from South of Putvalanm
upto Mullaitivu covering the wholc of Jaffna Peninsula and its
isiands. " The yicld potentials in these karst aquifers arc
considerablc, comparcd to these in the hard rock rcgions. The
artesian tube wells yield ranging from 200 to 600 gpm per well
and undcr phrcatic conditions a well would yicld around 200 gpm.
Howcver, duc to sca water intrusion ncar cogstal arcas of
phrcatic aquifers may not give permissible levels in wacer
quality compared to the moderately fresh water always cncountcred
in the artcesian basgins.

A few cxamplcs arce cited hereto briefly cxplain the
hydroiogical phenomcna of these decp aquifers as discovered by
the investigations carricd out by the Department of Irrigation
during thc past fcw ycars.

Conotiee e
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Investigations in Palavi and Puttalam arcas have rcvealed
that a largc arvesian qqurici cxists below an average depth of
200 ft. issuing water of goo& quality sonmectine 1rchy fIOWlng
uvnder pressurc. 4 well of this aquifers constructed at the
Railway Station of Pubttalan flows frcely at 4 gpm which has a
safec pumping capacity of over 300 gpu and a qualivy lcvel of

400 ppm of chiorides A well in the same aquifer is being donc
at Palavi Saltcern by the lapoon, which flows good quality waccer
from more vhan onc artcsian zonc. The flow is about 15 gpn.

with wabter ranging from 200 to 700 ppn in chioride. These
aquifers arec recharged from dircct rainfall and run off (influcnté
rivers, strcams and villus) and circulate water under greav

depth below aquicludes (impervious strata) which are cxtcnsive
and dcep seated often cubtting: off direct dincursion of sca wavcr.
Aguifers discharge through gecologic structure zoncs in the form
of springs and by diffusion. With the sca under phreavic condi-
tiong the shallow aquifcrs bear a limited depth in fresh water

as a rcsult of dircet cncroach of sca water if uninbercepted by
somc geological structure barrier.

The well known Vanavhavillu aquifcers have been studicd
in detail and developed successfully for irrigation on account
of dcep circulation of waver in karv limcstonce formations,
situgved 300 ft. or morc below the grouna surfgcec. Recharge
and circulation of water are as alrcady discussed, but wich the
coastal uplifvment resulted by faulting of gcological strava
have cnabled to keep the large svorage rcasonably fresh cutting
off dircct intrusion of sca water. The artesian aquifer has
been discharged naturally through many faulted structurcs but
it may substantially discharge artificially through tube wells
upto a safc annual recovery of 20000 Ac.ft. which could be
developed for Agriculturei

=t 3

A deeper arteslian basin gimilar to that of Vanmathavillu
has been devected by systematic hydrogeological surveys in
Puthukkudiyiruppu - Mullaitivu arcas. MNany investigation holes
flow frecly under hydrosbtatic hecad of over 500 ft. A remarkablc
circulation of fresh watcr extending bencath offshorec could be
cxpceted in vhis arca, compared vto the often brackish phreatvic
aquifers ncar ground surface.

In arcas of Mannav-Pooncrvn including the Jaffna Peninsula,
the limestonc beds do not assume great depths (averaging to
about 20 ft. below ground surfacc) often outcropping to the
surface. On account of this decep arvesian aquifers do nos c¢xist
ag in Vanathaviliu or Puthukkudiyiruppu, circulating water at
decper levels and flushing the salinc water. However, fresh
waber ilcnscs arc formed duc to direcct rccharge from rainfall and
fiood runoff which kcecep back much of the sca water flow intvo
the land discharging to vhe sca skipping over the salince waver
bodics. Investipgations have detected fresh water basins in
Murunkan and Mulankavil which could be developed by tube wells
for cxtensive Agriculvural development.

In Jaffna all fresh water lenscs scavtercd over the Penin-
sula are limited in thickness rceccharged entirely by direct
infiltration of rainfall. Herc, thc annual rccharge of fresh
water bodics has becn cstimated around 180,000 Ac.ft, 75% of
which cscapes into the sca on account of highly cavernous
iimecstone formations. This volume of discharge, takes only
two to threec months, as a result of the conduit turbulent flow
discharging vhrough springs similar vo viosc wc find in Kecri-
aalai, Urxny, and many other placcs on the coast. Intensive
invecgbigations on a regianal basis arec now being donc vo svudy

oi_—‘i

Contd....
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the flow paths Through cavernous and other hydrogeological

characteristics, in order to find possible szolutions vo arrcst M
the prescnt ground water discharge To waste.

HYDRCLOGICAL DATA OF GENERAL INTEREST

The land arcea of Sri Lanka measuring 25332 sq.nls
reccives ap average annual rainfall of 76.26 inches amounving
to 89 x 10° pc.ft. ©Nearly 40.5% of this hag been cstinmated
as toval annual runoff 1.¢. 414.59 x 106 pe.ft. The Sotal
‘annual flow escaping to the occan, amounts to 27.00 x 406 pe.fs.
Cn this basis, assuming 50% of the diffcerence between total
rupoff and the amount lost to sca, about 7.25 x 100 pa.ft. could
be assumed as the approx.annual recharge or fiow of ground
water through the aquifers, notv taking into account the dead
sScorage.
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ROLE OF RESEARCH AND DEVZLOPMENT
IN MECHANICAL ZINGINEERING

Dr. B. Sivaprakasapillai

Permit me to thank you, at the outset, for giving me the privilege
of'SPGaking‘to you today. I would like to say that I 'scc this
occasion largely in tcrms of an opportunity to tell you, clearly
and unambiguously, my ihoughts on the role of Research and
Development in Mechanical Enginccring and to'Fhen have you tell me
what your reacticns are to the vicws cxpressed by me. I am sure
that 21l of you, like me, try from time.to tim:, to view our own
work as.bbjectively a8 we can. .I am also egually certain that

we do not manage to be sufficiently objective and that we could
all gain by listcning to the frank opinions of cur friends. It is
in this spirit that I recdily ogreed fo spenk today when cur
Registrar told me ‘that a very senior member of our prefession, who
was due to speak woe unoble to come along. I think you will now
knew whom to.blame, should you-feel you have wasted your cvening

by coming here!l

Research nnd Development could possibly be locked onm s an activity
that is carried on largely in Research Loboratoriaes and Universitics.
Mechanical Engineering on the other hand is nlways carried out in
workshope and factorics belonging to industrial undertakings. It is
my view thot thore exists a symbioctic relationship between the rescarch
laboratory and industry. To snﬁ this in a aimple¥ way, the research
laboratory and industry cannot sxist independently of cach other.

The respective roles of the laboratory nnd the workshop, and there-

‘fore the naturc of their relntionship, will be dictated by the

nceds and circumstances of the particular country in which they are
located. If this view is accepted, it becomes axiomatic that the
Research and Development actiwity must be consonnant with the

tachhological_cnpacities achievable in the country and these in tumm

must be related to the needs of the country.

=«
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Before we prcceed'furth¢r, it is ~dvisable that we cxamine the
meaning of the words Research and Development. The Qxford
‘Engliéh Dictioncry defines Research to be "endeavour to discover
facts by scientific study of a subjeet". The word Development

is defined to be fgridual unfﬁlding, or, Bt;ge of advancenent!.
It is werth remembering thit cven in the course of studying the
published werk of others, one indulgés in a process of diccovering
fir oneaclf what others have already discoﬁerqd for themselves.
Thic process of study is made ensier if the original work is
presented lucidly. To ahy th-t in large areas of muchunical
enginaering‘thia kind qf information is not avniinblc almost

amounts to labcuring the obvious. -

dnca the concept of a s&mbioiic relationship between the research
labqr:tory and industfry is accepted it is possible to define the
role of the research laboratory. The praper function «f an
¢ngincering reaeanrch labqratory is to builg up a rescrvoir of
knqy-how,tu-catcr for.both the short term and long term needs of
thu-cougtry ond its industrics. This in turn implies that,

&s o fir5£ step. the rescarch laboratory musf identify these arcas
where its offorts will lead to the setting up of nationally viable
industries. 1In the casc of a small country such as Sri Lanka, with
an cxtremely limited home morket, this menans these industries th#t—
will use locally available r:w material, or those industries tht
will manufacturc items produced on a one=off basié or on a small
batch beoeis. Thus. research and development direct;d townrds the

" necds of agro~based industries, ilmenite, ccrﬁmics, ete. could

broadly be justificd.

Lot us censider, first of nll, the short tirm pfohlems. Thure sre

today 2 number of workshops that nre unable to work to aﬁywhure

e
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near their full capacity.  They nre short of both orders and row
materinls. As a coﬁntry we have inVuSFed, over the years, monics
in machine tools and in training peraﬁnnel to men these workshops.
On the cther hand there aré a large numﬁe} of industrialists

who are c¢ngaged in export oriented or other key industries who ncod
equipment to permit them to cither start of a new line of nctivity
or to expand their préaent activity. A sizable part of-this nced
of equipment could be met with advantage through local manufacture,
This recourse to local manufacture cuts down the roquirement 6f
dircct forsign exchange, often by ns much as 60% - 70%. It is
nppafent then that the needs of the chkshops and the nceds of the
industrialists could be satisfied simultancously. Let us consider
a few examples of this type of situaticn.

Comsider first the case cf the Paddy Marketing Board. This
Organisat on is now the.sole purchaser cf paddy. ’It has made

a ¢ase, which has bcuﬁ accepted, that Paddy must be stored in silos
and not in gunny bags placed im storus. Pour storage complexes

are being soct hp at Inginiyﬁgala, Pclonnaruwn, Hasalaka and
-Galgamuwa, with & combined capreity of 22,000 tons of Paddy.

The cquipment nceded comsists of screw éonveyors, belt conveyars,
bucket clevators, ecalper elcancrs and mechanical dryers. The
toéal cost of this equipment amounts to nearly %.5 Million and

the foreign exchange nceded amounts to 73,5 lakhs. « Agricultural
Engincers attached to the P.M.B. specified the layout and the

flow dingrams. Mcechanical Engineers ot §.Z.C. studied manufacture
cntalogues and handbooks and produced a aef of tentative desigus
bcfore going to South India to see similar equipment, At the end

- of this visit it ﬁas possible to produce 1 sct of designs., The
ﬁanufacturers of the equipment are now in a position where they arc
able to produce the manufacturing drawinge ond proecced with the

manufacturce This work is scheduled for completion in March, 1974.
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A slightly different problem is the plan for the manufacture of
cquipment nceded for rice mwills.  The principle itcms of equipmcﬁt.
used in rice milling are Pre-clennef, Rubber roller‘sheller,
Separator, Polisher and Grader. This type of cquipment is at
present manuf-cturcd in this country cccerding to a fairly old:

~ design. Thus the machinery now manuincturced is unable to m;at the
quality rcquirements and is also'wasteful; There is a cansensu;
thot ﬁe should go inlfor manufacturing morc modern ¢quipment. The
wry cut would appu%r to be te study the cﬁtaiogues G} the bLetter
manufocturers, visit fhe medern mills in Sri Lonka and South quiﬁ
and to then produce a sct of prototypes that will be evalunted by
P.M.B. Once these prototypeslare accepted, it will be possible to
give the manufacturing drawings to tpe smaller industrialists for

turning out the equipment.

A smilar strategy has been tricd out.in the c~se of the sugar cane
crushers where the I.D.B., Nugaduwa and Browns' have'prpduced pro- .
totypes thot hnvé been bvgluated by the Sri Lanka Sugor Corporaticn.
The two-whcel tractor is a further ¢xample of the type of
developmental work that may be undertrken in Sri Lanka. The
Intérnational Ricé Rescarch Institute in Manila, gave us free of
any form cof charge, a s¢t of drawings relating to & fwonwheel
tractor paewered by a 5=-6 h.p. I.C. Bngine. We thenm hnd to dol

a complete mechanical design of the tractor bosed on these drawings
and produce a ¢omplete set of manufacturing drawings. This invelved
the choice of materinls and alterations of some of the purely ;
mechanical aspects te suit local_conditions. For instance we ﬁhve
made the bearing housings in cast ircn and have avoided fobricnting
these in steel. The steel nnd the welding clectrodes nceded for

the b.2ring housings will be difficult to finﬁblocnlly. Again we

replaced two of the anti-friction bnll benrings by two journal bearings
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for three reasons. First, these shafts were gunning =t only 75 rpm.
which is fairly low for anti-friction be~rings. When the anti-
friction bearings fail,.a farmer may be put to severe hardship to
find an imnorted replacement. Lastly the zacunt of foreign uxchange
immEdiately-needed, for manufacture is.cut deim.  We have plans
for replacing two MG£e qnti-friction benrings by journal'bearings.
As part - T the dcvelopment effort we plan to modify the hapdle nnd
handlelndjustment, intrcdupe a stceering clutch and a rotary tillur.
This notwithétanding the first frotctypes are being tested by the
Farm Mgchinery Regearch Centre at Maha Illuppalnmé. The protutype
hes been put through the dry ploughing and wet ploughing.tesfs N

and is at present going through the cndurance #sts.

The cxpansion of the Flour Mill ~t Mutwal repréaenﬁs a situatiocn
similar to that obtaining with resﬁcct to the P;ddy_Hnrketing Boards.
Automatié weighing and Bagging machines, bag denweyors, Inc}ined belt
conveyqrsg SCrew-convaycrs, Bucket elsvators, Battcery eyclones nnd
Ceﬁt:ifugal discharges are required. The value «f this work amounts
to afound %+3 Lakhs with a foreign cxchange commitment of ps.40,000/-.
ﬁoat of the spouting necded for this will be manufsctured locally.

A significaont aspect of this projeet is that the ﬁrocess and the

flow chaft are being supplicd by the uriginnl suppliers of the
mdchinury.- This being n modification tc the existing mill, we hnve
to abide by their decision that they will suppiy us with the cen-
trifugel fans and the milling ¢quipment. This is =2 clear case of

a sttuation.where our incomplete understanding of the process

design has gaused us - tc cut down on the items that cculd justifiably

have been manufactured locally.
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Another cxample of this type of_situatioﬁ has betn the proposal
that was put up =round ;nrly 1972 - for the sctting up of an Ilmenite
Plant. Here again there was a significant propdrtioﬂ of thd
equipment (120 tons/220 tons- total in the Titanium Slag Producticn
plant and 320 tons/664 tons total in the T1t1n1um tetrachloride
plant) could h~ve been manufactured locally. We did not make

much h.-dway, =t that time, bscnusc we did not have detailed

spccificaticns of the items of machin.ry.

On occasicn we are¢ fortunate in tha£ the vrucess know-how is
.available locally. An example of this is that of_the Ball-Clay
Plant for the Ccramics Corporativn at Dediyawela. The proccss is
very similar to that used in the Kaolin Plant at Boralesgamuwa.

The process consiis ~f feeding the mined ball_clay into extruders
and cbtaining ncodle shaped ;xtrugions. These are carried on

a stainless steéel apron conveyor through nisindirectly heated drier. .
The moisture‘content is lcss than 1% after the clay hes been dried.
The clay is then pulvceriscd and classified (according to particle
sigze) before it is weighed and baggc-d.~ The equipmenf nceded consists
of extruders, apron conveyors, drycr, bucket elevators, table
ffeéers. attritér mills, shizzer type air classifiers, dust

catchers and automatic weighing and bagging mgchines. The drier
requires, in turn, 0il burners and heat exchangers. The bulk of
thﬁse ifems; except for the dryer, are of the same_tyﬁe

as are found at Boralesgamuwa. Further, this type of equipment

does not appear to have undergope any éignificant desigh-chanées

. sinéu they werc installed at Boraleagaﬁuwa, abcut 15 years Fo.

The Kaolin plaht has a throughput of 2.3 TPH as against a throughput -
of 5.5 TPH at Dediyawela. It was therefore reasounble to design the
equipment for Dediyawela. It was thercfore reasonable to d.:._sign the &
equipmont for Dediyawela by scaling up the equipment available at .
Boralesgaguwa. It was found that in the case of the attriter

mill =nd the air-classificr, two of ecch of these units, fourd “t

i Bt i
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Bnrnlésgamuwa, could be usud t Dediyaweia: This made them only

marginally more cxpensive than if single units had becen used, but
it had ccmpensntihg advantages in that these were of proven design
and the supplying of spare parts to both Boralesgamuwn and

Dediyawela could be'solved simultancously., This project will

/

cost arcund fs. Two Million and will require u.foreign ¢xchange
commitment of about Rs« 1.5 Lakhs,

A finnl'exayple of this type of situaﬁion is the supplying of
1Air‘Ceylnn with Passenger ramps, baggage loaders, pallet dollies,
water bﬁwsdrs, and toilet bowsers. A total of Rupves 4 Million
worth éf equipment will have to beléuppiicd to Air Ceylon over_the
next twelve months or so. Thcée.nre items that will @ave tc be
designed, fabricatcd and tested prior tu being supplied to

Air Ceylon.

In the cxamples I hove citcd, we sce A Resahrch and‘pévelcpmdnt Unit
functioning pfincipnliy as a Design foicc. This is the normai wﬁy

~ that onelshould'prOceed if one wanted to cstﬂblish:a Resceareh and
Develcpmeﬁt Unit. I could buttress mﬁ argueﬁent by citing'the.case of
the National Ehginauring Laboratory in U.K. which started off as
’the Mechanicnl Engincering Drawing Office of the N~tiomal Physical
LQBOfatory; The rationale behind this apbrc;ch is that onee you
undertake a dusign project you will be fnrcca into acquiring a

- large amount of relevant information. This_knowledgé is then
_garuful}y_built up and the experience that is acquired automnticdlly
1&5&5 them to find ways and means of improving their design from

-

the standpoints of performance and cost.

Viewed from a different light thec setting up of a design group with
a view to eventually setting up a Research and Development Unit again
makes scnse. Anyone who has dome a research degree or a design

- - : r 1 . = o -..

-— - -
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project knoﬁs that the first step is to carry out a literature
survey in thce chosen field of study. The object of doing this is

to get to know all that is published and after critical exami-
naotion, identify the shcr}oomings with a view to finding ways and
means of incroasing the boedy cf knowledge. By these argum@nts

one could justify the design office activity as laying the foun-
dation for l~ter Research and Development nctivity. This design
office activity coculd be justified for other reésons alsol The
value of the work undertaken for Paddy Marketing Board, Flour
Milling Corpdr:tion, Ceramics Corporation and Air Ceylon amounts to
just over f3.12 Million and involves a foreign exchange requirement
of 2.1.2 Million. 1In 2ll th.sc cascs the price paid by these
institutions for the local product will be wqual to orlless than the
FEEC's and duty paid pricg'of th: imported items. The country

has to pay onl; about one-tenth of the tétal price in foreign currency.

and work has bucn given to local workshops.

On occgsion we get a slightly different set of affairs taking ﬁlace.
For instance it is scmetimes possible to go for the nuﬁer technologies.
It is now possible to make fluidic elements in this country. A
conscquence of this is that it is possible to make fluidic contrel
circuits. This advantage was used to ﬁake _n automatic weighing 2

and bagging machines. Three of these machines were muae for the

Oils and Fats Corporation. It is iikely tﬁat more of these will be
supplied to the Flour Milling and Ceramics Corpurations. If 2

modicum boasting may be forgiven, I will recount the inadvertent .

- admission of a tcchnologist from one of the most developed countri:s.

We showed hilm this machine becausc he had wanted to know whethaf such
machincs could be mide in Sri Lanka. The moment he got near the —
machine he became quitc engrossed by it snd shot off a series of

questions. Half way through onc of the local bo;lrs asked him o

whether they mede this type of machine in his ccuntry. He replicd
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"not yet, but gquite scon we will have a better machinel",

Again we found thatlwe'cbuld not make the conventional type of

braffi§ lights, so we went in'fqr a system that used electrcnic

ci;cuitfy. This we fﬁund led to a chegper unit and it has worked

éuite satisfactorily for the last three years.

%he ceuntry is now-totally s¢lf sufficient in sewage treatment

equipment. .ﬁe make cur own sewége'pumps. rotory distributors,

aeratiné cones, and paddle rotors for oxidestion ditches. - A complete

plant has becn Enstallcd at Mahiyangana and the Buildings Department

is contemplating placing orders for equipmént worth about fs.5 Lakhs.

.

.An example of hcw the constraints imposed by the manufacturing

capacities'availaﬁle in a country could act as a stimulant

is the.onttar-sucticn‘dredger that was constrﬁgted about four years

ago. Electric generators and motors and oil hydraulic pumps and

ﬁotogs are not manufactured in Sri Lanka. This neant that it was

diffi;ult'to éake.dredgers, using either hydrostatic or electric

drives, competitively in Sri Lanka. If was decided to explore the-

ﬁossibilitj of using o hydro-kinetic drive with a watcr pump driving

turbines. Though the transmission e¢fficiency of this type of drive

‘is far less thon that of the other two options, the actual

_operafing costs would have been EQ#al. This was the first time

éhat a turbine this size, 40 hp..at 660 rpm.,.had been designed

and built heré.‘ It turned out to be just nslefficieﬁt, 74%, =as the

,iTurgo-Impulse turbines made by Giibcrt-Gilkes and.Gordan. The

rﬁnhef was around ﬁalf the size of th-t of the U.K. Turbine, and the
for the local turbine as against Rs.77,000/-

thén costs were Rs.12,000/-/for the importcd turbine. Another

happy cutcomé of the dredger project was the use of rubber lincrs

for the dredge pumps « It wns found that under-compargble conditiocns

of déudging_in the Kelani, the rubber liner had a life of 850-haurs

TR SRR e S S ORI S e Bl 3
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vls-l-v1s a rubber liner that would'§o§t ey D00/~ Rebuildiné
2 Mangancse stoul ensing would cost around %.10,000/-”via-§-vis
%5.250/~- for the rubber liner. The rubbér.liner will be as gnzd
ns new after rcbuilding while the.steel iiner will have the
characteristics of the hard fabing e¢lectrodus used. Th; steel
liner will also have rcugh wetted surfaces that will acculernt
the wear. It tnkes around 3=4 wecks to rubﬁilt a steel aasing
but only two days to rebuild the rubber liner. All tl :sv advantages
came about pufcly-becauSe we were not oble te make e}ectrlc drives,

#

hydrostatic drives or cast mangan-se 'steol cnasings!

A completcly 3iff-rent functién“of Raseafch ~nd Development may be
to_:void_@nnééesgary mechanical supbistication. This I am sure

will sound a heretical way to end this talk. I refer Fo the
proposal put to the Commissioner of Excise regarding an arrach
.buftllng plont of 8000 bottles per hour capacity. In thuse proposals
there has been a radical depnrture from the automatic type of bottllgg
plants that are now in vogue throughout the world. Thc present
proposals would'virtually put the clock back at least fifty years.

A manunl plant has been suggested because it provides oppcrtunitiés
- for the harneésing_of local resources in the way of manpow?r.hnd-
machinery to mect .local reﬁuirements. The manual plant is commensu-
rate with the present stage'of technologicai-development of the
country. It requires a larger number of personnel of a type that -
is abundantly avaxlable today, and the Bklllﬁ that they require

are of a klnd that they rnqulre are of a kxnd that could be 1mp°rted
casily and cheaply. The automntic plant‘ hbwever, is too scophis=-
ticated for our présent capabilities, Thia.ia because it-emplnys

a very llmitcd numbcr of relat1Vuly highly skilled operatmrs, who

- have qulte often, to be specially trqlned Wlth d1ff1cu1ty and 1t
considcrable (foreign) cost. Again in the evenﬁ of breskdown of
sophisticated machinery, compétcn; technical kills are not rendily

SEay = *ngi!-l
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availzble as in the case of the washer at Kalﬁtﬁra ¥Warehouse
No.1. Valuable eéﬁipment would "be forced to idle under com=
pulsion. Finally the ho%tling f arrach muczt be viswed in the
céntht of rural unemplcyment prevalent in Sri Lanka. Thus the
dccentralisation éf employment opportunities, wherever it could
cconomically be justified, rust be persued. In particuler the

bottling of arrack could be undertaken eithor =t the centres of

praduction_or 2t the centres of cbnaumptioq, The proposals

put before the Commissioner of Excise otfer.mnnunl plant ot
sufficiantly small sizec to permit this decentralisation. Further
they are of a kind that would ennble a rural cycle shop or car garnge
to- undertnke their repalr and mqintenance. Finelly the manual plont
is built up of a series of modules th-t weuld enqble the capacity
't; be incrensed purely by adding extrs mciules. Ultimmtely the
ma;ual plant has been justified on purs eccon~mi¢ grounds consid:ring
*ovﬁrnll ceonomic aﬁh Nationallﬂconomic Profitability. The foreign
exchange component of the capital cost of the Automatic plagt is
ho790,000/-'vi§-a-?is k,182;d00/— fer the manual plant. The annual
foreigp exchange needed for the runmning costs are Rs. 20,020/~ and

fs«84516/~ respectively,

This example is a specinl casc of a more general problem that

n.cds attuntion quite urgently. All imports of .nchinery for exis- !
ting projects and fnr new projects must be scrcened with the
possihility of alternative ways and local manufacture in minc.

It is only by doing this that the most appropriate solutions for

our needs could be fonnd, -

29th June, 1973.
BS/ﬂw ..
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it wre, aobody secned to bother. However, with the influx to the

CAAS

SYMPOSI. Ol CURRFLT SCITHTIFIC RFS\:RGH AND IT3 |

RELTV/NCE TO THT DFVELOPMEIT OF SRI LANKA

~ REST4RCH Iif AGRICULTURAL THGIIREREG -

b:'r' LUR.L'- PGI‘G.!‘:"

Apriculture is o of the nost (if not ﬂ]_o-mcst) importrnt

frctors in the developmnt of 3ri Lenkr. Under present conditions

md stenderds Tngincoring plrys such rn importent 1o 1 in hgriculture
thet the development of Engineering Seience in epplicriion to

agricluture berrs r significait relovence to the developmout of

[ SI'i Iﬂ'llkr L]

Mt chinery for ‘f;.g;;éicultmn in Sri Lenks is lawwn to heve
been introduced rs frr beck rs the 1lrte thirties. From thet time
orchinery thrt were used hrs gone throvgh constrnt modifiertion
r._1id improvemeut.'..' These modific: tions rad improveremt s were the
result of mstet;réh end develoment work done in the countrics éfl
their Ol‘iglin end were oriented to suit their t{;riculturcv. de in
8ri Lenkr weither hrd the erpreity nor the :r.céssit;,' to .illdlﬂ,[j(‘!
in direct resesrei for tl\m inprevenent of medivinery during the
er:l:;' stries breruse wWe v d ¢ vest regge of prchinery to importd
from o mrke~do thr opo-r_r tions for which nmrchinery wrs rerlly sousht
¢t the time, Fou - N "achii - spperred to be no problen or even if
counntry of ¢ lerpge rrnge 0.{' pechipery for the initi-l eultivetion : |
operrtions in rgrieylture to the finrl processing of the crops,
we begrn to 1orlize thit 'i:.hr inrd;ingry thr t wro fowinyg into this
country w:rs not 11 thet sui%orblc oy our rgriculiure. Hescrrch
did strrt both by scientists rnd £ mers - ;x:nt in up~to-dr te workshops
end 7ir conditioncd doeims offers, nob in mltistorisd buildings, -
but__il-x .r}ur i’m'mrsl ficlds :nd th- wWllr Lr\ anithics., It is mlfortwf te,
howecver, thrt im worthwhile follow up ~nd proper recordilyg hro been
done of wh- tever little th: ¢ b ;‘; bean done r_i_xf proved or hrd been

tried nd cpperred promising. - ' : 3
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This Sympesium secke to review current scientific
reserrch snd-its relovence to the developrent of Sri Lenke. My
roeipiment is te review the fiold of igrieulburel Migineering
1 they with specicrl reforence 0 medimizrition, sinee the
subjet of Irrigrtion will be derlt with scporstely Uy snother
sperker, I mot repert thrt it is uwnforturte thet records of
sore: of the errly works doe heve m-Jt.bmen kept or they crmmot be
ferced-shres—Hio-rdrot-bretrdtopiom g —srmmiede trr cod sinee
they hrd m::t beon proporly Lhcmdnted_r.ud published. After -1l most of -
he reserrch rind developrent in this field hrd been done by "pedyrs®

nd *barees" aid not by lermied doctors ar post-grecdunte rescrrchers.

" Fron work dowe rb Mch- Dlupprlleroe es errly rs 1640 4t wrs
rorlized thet the grest wrlue of trretor drewn rgriculburel
ety cl;‘i_nm‘y lics in the speed with which raorieulturrl operrtions
: ﬁir ploughing md sowing crn e undertcken. Unitl the lrtel fortiecs
treetor ploughing here wrs done cither by the nould Ii:.r.rd plough -
or the disc plough. In thz eerly fifteos Rt"i:.nr1';111){;_01 nrnufretured
¢ tine -mltivz‘-tp_r in the workshops of the Deopertment of 5.g1*icultu;*;?
i.lllGr.m)(')ml-Jr whiich wrs then nothdlg more then ¢ weyside grrege rnd
“shich hrd suffered the full impect of the 1947 ﬂﬁﬁdﬂo The
imported tyue tiller wre therer fter used md no sttompt whetever
wre pede until reeently to memufzeture these loc:;ll;' to nect our
1*c-IC_uir'emelrt._s. It is, however, bLeing doic xw. Retwrtwyge rorin
hrd tried stellite to ‘ovﬁrcr_r.p the prepid verr of blrdes bm‘:-thj.e wWee
not persued pex‘h.':ps duc to 1r cf& of i‘rpilitiee rud proper know- how,
hew, It wres found thet hr r,d—fs-_céd lo@s) plough shearas costing
.less then belf the price of imported #sres did five tinrs more

work then the imported shrres.

Imported nochinery rveilrble wore most suited for
highlrnd conditions. In 1946 tri:ls were conducted rt Hingurrkgodr
rnd Mehre Dlupps 1oy Govermaent Frros in the diy sowing of !
prddy. Of 130 ccres som ri Hingurrlegod® 42 reres worc: Sown

1y Iy merns of mrchinery rnd the mst of the extent puddled



end sown. The 'verr{’e ;'191& in the dry sown ryers

wrs 24 bﬁshels per rcre conprred with s rversge of L5z bushels
por rere in the puddled end sown ?m r. At Mehr Ilupprllror
too the srme rc-asul‘ts were indierted, Z | |

- - Tho guestipn e8 to whether mrdirnicrl ploughing
hrs r.13;’-harrixlgi;"011 yields wes fnwestigr ted by e s"l_om; with
Kt 11{p;:ﬂ11pillr 16 in 1956. Ploughing with nrmuty mad -'19;.\ with
“tinc tiller, disc_‘pi_.ough » disc hrrrow, rid mould borrd plbugh
on ¢ four ﬁhe_e_l ‘orr ctor were donc on rendon plots on ¢ five
reve block of lend in Wegolle Frrwn in the Kogr1le District with -
erop of mrize. The results mwod thr t -there Wes 10 siglificfnt

‘.ii‘i'ermxce in the yield by the diﬁ‘emn‘b opamt.ims.

- During the period 1950 = 51 Trictor trirls were strrted o
find out whether trector cultivetion wndes-proper-sppement ic '
1n*<3ff;.tr.ble in this Country. Fowr Pilot Tr-ctor Units werc estrblished
in Kilincchchi in the north, Keprdisn hru in the Ersf, Wirsrwils in .
the South rnd I—Iﬂcwerrtiyr inf?%?*th.-?fest. The se” trinls wddertrken
with old m-r.:hilm"r obtr ined ﬂ‘om' the Dircctor of Laud Develoment
pmveu the t under proper orir gemm:. trrctor cu]:t ivrtion is profitrble
in Sri Lenks end renders ¢ grest service to famors in erere where
¢ shortege of be ffeloss il Inbowr exist. By the operrtion of
Agricadturrl mrchiinf;r I?pols during recent t;iﬁnﬁ in the Deprriment .
of hgriculture, I crn suppart the view thrt under proper nrir gemeit
trector cultivetion rnd other ng1'icu1tux-fl operstions with mrchinery
is ¢ pro'ﬁ.trbla venture.

Dm*iw; this srme period _
-/ Intercultiv-tion w*th trretor driven spr_n{; tine Cultivetors

of crops such r& Chilli, Gottun end Tobroeo wrs trled out vay
-su‘ccessmlly on frms. Tr.r nsplr nting of Chilli ~id Tobrcco using

- trector :1riven Robot Tr-:-.lmplr: ni'.er;s was rlso tbne. srtisfrctorily.
quitba'mcmcﬂu; coshks, mechenicrl tremeplenting prodiced very

even growth r-i;d setisfrctory strnd of the crop. About 200 rores.

; were trenspleinted with Chilli rt Grl Oy uaixc trrctors with ru‘bon'"tlc

Robot Tre 115131; nting nadiiies
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During this srme period « specirl 5 furrow pr_wc:.r 1ift
shr1low plough for shrllow ploughing in rdce culbivrtion wrs frbri-
crted for tricl with ¢ Ferpguson Trs ctor. ‘lso ¢ partrble, selfl
cnergised electric coil erlinity met~n wes dowvrloped for—rnﬁarrdi L
investigrtions by the Divieion of Dotrny of the Deprriment of _r'agriculturo
et Muthurs jewelr.

In Irte 1954 I tried the drilling of grrminrted prddy with
mo{‘i'ficr-tiuns to r corn plrimer . This wrs doms in the Kerrdi-n-ru Frro
I_ in ﬂxe Trstern Province on = 1/L rera plot. The mrin modificrtdon done
vrs the repl_r. cenent of the steel disc with = thicker wooden one. an.ides
the seeding itself being srtisfrctery r signifierik inemerse wres cbserved
in the tillering rnd theroby of the crop. It wes felt thrt this wes duc to
drmege to the plumule during the drilling operrtione, The only follow
up on this wrs-. b_';'J'r_)!m}m]J.ez wh.clu nrde the simple 4 row se~d drill for

gerninrted prddy on th- liirs of the Indirn socd drill, -

Much wurk‘ hrs been done by meiy on secders forpr ddy.
“ frir review of this hrs'boen nrde by 'I‘hmbiryrhg' in the Tropierl
Lgricluturist of December, 1958, The whole ider is to get the
p:dc‘;,,r_i.n rows = thrt worzaliim;:, could be dome., However, spreing the
plimts on the row itsclf will reduce the seed rric par ~era cid rllow
for further tillering. Dibbling in rouws thercfore is resorted to. _ '.
Tuo dibblers of sir;nii‘iclr_uoa is Mraicks v-greer's® Drun Dibbler (1966)
rud Dirs's? Rice Seed Dibbler (1960). Dire improved his Aibblar with
simultrneous fm.{ilizer ritrchmoit in 19604 Pricnts rre pending on

Hrnickrvrsrgor's drun dibbler.

Dirs's Dibbler wre triﬁd- out vopy successfully to dibble
ricc in rows 10 inches prrt with r spredug of 4 in. in the ww,
The Dibbler is rbowt 10 1b. in welght rad epuld ke operrted with
cree by ¢ child of 12 to 14 yerrs. The seed rries cbout 2 to 1
Lushel per rere depending on the size of the scod used,  The rversge
cut put is rbout 1 rere in 8 hours of wor. This m,thod is :
cherper thrn trensplr mting md, medirnderl ¢mtrol of weeds i

using s wolrry wecder oould be done »fter ~bout 2 to 3 weeks of
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Dibbling. Mrny frrmers who used this method with other improved
' techniquos such oorrcet doscs of fertilizer ete. heve obbrined bettar

yields thrn trrusplriting or brordereting.

Following on the suicerss of this Dibbler, Dirs developed
his prototype of the rice Sc-cd Cunt .Fértilizer Dibbler, #nd wee tried
_mit successfully., In onc operrtion pregermiwrted rice seed with
e ring of compowd pellet fertilizer plrced round the seed ri erch
Ihilll could e dibbled, “Rows rre 10 inches eprrt with ¢ spe c.’uuﬁ
of 8 inches in the mow, The weeds crn I corolled by using_; the
rotrry woeder both errs ke tween the mws, The out-put is ~bout 1

~acre in 8 hours of work. :

Menickevrseprr's dibbler is essentielly for sowing prddy
under dry conditions, 20 prototype models memufrctured ot the
Deperiment of Lpriculture F-etory rt Wrlisrrr wore distributed to frme
slidagriculturel 'Oi'i'icers in the different districts for testig. |
Although sore results hrve boen colleoted by the hgricilturel Designs
& ;I‘G‘stiu{; Unit rt Mrhr Illuizpr Nry md riclysed there seens to
be sone resentneint t‘hrt r proper ovrlurtion of this mechine hrs not

beenn donc.

The Joimﬁillg seed drill is widely used by 10::;*1, frimers
end is_'nr-nufr: cbured loc.-*l']_;y‘ rt the Depri*tnnut of Apriculturs Fretory
in welisrrr. : The Dirs. Dibblor riso is mraufrctured there rnd is
grining populrr.’;.‘qs-'. o Lrrpe scrlr_j pruufrcture of the Menikryrerprr

truz Dibbler hrs jet been strrted.

Along with his :dnvelommt work on the drun dibbler,
Henikevrsegrr worked on trensplrnters rud strip crushiing Trensplentine
mcl1flxicrlj.;." dees mot seonm to grin populs r_it;;“. Strip crudhing -
is bedng condermed rs wr sting more socd ovar direct. soc-din{: o
dibbling rlthough there is ¢ definite seving in the secd rrie ovrr

/ ; ;
bmﬁdcrrstiw;. Bosides, the rdventres obtrited by row sceding

‘over brordersting rre serilsble dib strip erushing.
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Mrnickevrseger conducted his strip erushing using the Rotrry : ',
wee_der rad two wheeled trrctor. He concluded on his experiments
thrt the technique gives r crop similrr to e trenspls r}teci or rou g
sown crop, #L £ mch lower cost snd olimdirting the perk  lrbour

reCuirenents rt & time of trreplentiig.

The tronsplrnter t‘evaloped by Henickrvesrger is - seni- |
mechenieed one. 100 of fhc—se were produced rt the -Deprriment of
.&gricultzire Frctory rt welisers rnd distribubed to n1l rmges rid
Frrms., ‘dthough the i‘irs‘t. model did not gein pop_til.r rity scverrl
nodificeiions mid sdjustments were subsequently” done. The first
model weighed 53 1bs, snd hrd » dreught of upto 30 1bs. By elimi-

e ting the bese bjrrd with two skids rnd ¢ metrllic spring 1ordedl
leveller he nrnrpged to brdyy; “down the dr'ilngl;t to less then 12 lbs.
He finrlly produced » mrchine which hrd en efficiency of 92% rnd 1-#1 icdh
could trrusplrnt 1/3 rere ¢ dry, thrre. mrdiinrs rad six 1rbourers

being rble to trrnsplent o1 rere inclusive of the filling of wreriiciss.

Besides this Mrniekevrsrprr tested md rls0 mrde severrl
modific;'tiox.xa on ¢ trensplenter soit here by’ the Hetionel Iistitute of
arriculturerl Fhu;hncl*ﬁnﬁ in Silsoe, U.K. This mrchine which wes oo
be hervy rnd cumbersone to-olxai‘: te, wrs podifiod by recucing ‘the
weight from 73 1bs to 40 1bs nixd i'ncorpor.r’sinf; florts. He hed
rlsy w_:rké(‘-. on seversrl other trrnsplenters which he hed nemed MoI. 01

Holo 24 #uW. 3. The present strte of these rire ot known.

Trruepls ntére- sre generelly not populrr brerusc of :the
Isbour inw‘lvc-r.i in working the nrdiine iteelf or the preprrritim
of plrnats for the mr chine, . In 1970 I deycloped #n rutonrtic
plruter where plrnts fron treys could e trrnsferrved to the field o -

direct Ly r single opoi-%tor. Prients rre pending.

uite ~n rmount of work hrs been e on nedhinery for
threshing rnd wimowing of prddy. The ‘pricultuprl M-chinery Desims
rnd Testing Unit ot Mrhe Dlupprllrpe is laown o brve worled on »

trector mounted thresher am wimwower., This hes ot yet beon 'fully:
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tested and sccepted for production.

Sethsms:Lu{;ho7r de signed g ﬂwesher cunl winnower 1-:hichl'he petented in
1957 ~ Dieaspete_lltef_". ¢ Thresher cws winnower in 1956. Heither of them however
went into production slthough T e swore thet ISethansingﬁw used his oie ~nd .’
only model for custom work in his villege. 1
|

4 telle model rubber drum thresher snd r horizontrl rubber drum thresher

were designed by me in 1969. Prtents rre pending on both models. The t-ble

rodel which wrs tested in '1970 have given very encoursging results ss frr rs
breakef;e is ooucerned. | . .

Quite rn emount of 1«61*1{ is done on threshers in nmost i‘ice prodﬁcing
ooiurt:‘ies. The'In‘Eerl:‘Lrtioml Rice Rosesrch iustit.uta in Menile developed
& thresher which wes brought here for testing but did not tum out to be
setisfectory. INRL is rlso working on ¢ teble model thmshe;'. :

Cdﬁbﬂle Hril’vn sters have been tried snd tested in H?hr. I_'Llupp:]_'tmf-._ frm
£6 for beok as .191,8‘ !flt.houéh this wr s' rbondoned soon rfter, with the developnent
of ﬁlorﬁ étrr_fw mwon lodping verietics of p_:.‘ddy I.ch;orimnts hrve been 1~c-ét.n'rtc'-ci

with combine hr—rvc-sterg. Combining of rice snd threshing end wiimow ing with

- mochenicel threshers sre becoming populsr in srers like Minipe rnd Mehiyengsne

where l:bour is scarce.

In 1966 I developed ot the Deprrimont of Sgriculture workshops in
Gr LDOruwW;: ¢ trector with lfzrgo'frout wheels for working in muddy pr ddy fields,
Tha md'.:l.fié:vtiona We o rerlly tried out on ¢ discrrded power tool brr. Leten
the srme mschine wes developed with » drive on to the front wheels so th-t :
- four wheel drive rodel with large front whoels wee rveilrble. This trrctor
which wes tried cut in ﬂnd_colrtn-l.&ﬁricultu'rrl Resesrch Stetion in Gemorw
%longs%_c‘;c— other str:.;ldnrd four wheel nodels a}iowéd'clg;fijlitc cdventrpges working
in mud, | |

'E:q:qrinents hwc #1s0 been triéd with wooden berrings on the front
whaeia of stenderd four whecl trrctors, since the cost‘ci‘ repls cim;-berr:hxgs
¢t the rete they do fril‘in mid is prohibitive snd invelve foreign cxc:hvn;_—:r;

8 wells Further studies on this sre contdming, The four-wheel tr-ctor

- described cbove with the lerge Front wheels had adventeges in the soving

of front whecl beerings from frilurc, since the chrnces of ingress of mud wes
less due to the height of rxlc fram ground.

In recent times sttempts hreve been nrde to menufacture loerlly -




i ool treachby, - Fobrodnetitikions undsrbook to copy ¢ prototype desimed
by the IRRI which wrs r simple mrchine. However, Kodituws kieu® rnd Brlondren ?
developed this further Iy rdding simple steering ‘clutch mechénism rnd other
modificctions.

The IRRI desigm though simple in menufrctwre hed neny discdvantrges.

* The sprokots werc welded to shrfts. In ersc of weer on the sprokets, the

shr fts ‘too heve to be repleced. ALl the housings were of nild steel. The
trenenission housings cre bqlted a1 to - box section, bent from slmcts.-

The reduction box wes not of sufficient strength. Hendle wrs ﬁot, rigid. Only
two speeds were rveileble znd thrt is by chenging the mein drive V belts.

Ho steering clutch system wes nvr:lls:ble.

The improvenents done so f=r inwlwd tﬁhe fixing of sprolkets to
shefts by keye, Cost Iron Alluminium r1loy housings in view of low mrierisl
cost znd grester production crprbility, trrnsmission housin{‘;s box section
'i‘a:bric:ten‘. oet of sngle Iron rnd sheets, thereby c:iimimthu; bending, modi=
_fic:-.tioua to hendle to inprove rigidit:; c-nd‘ rrnouverbility ond the incor-

: .13«3rztif.§1i'of ¢ steering clutch system.

Further cbv-tzlc?pmeht is mow being. done on improvements to the steering
clutech sysi:em rnd the mcomorrtion.oi‘ ¢ goar box giving L forwrrd speeds nnd
2 reverse speeds.

We have now begun to rerlize the i.l_:qaor'trucq. of drying prddy. Fexjm11cb‘0
worked an £ simple mrchine for the diying of prddy (1970) rnd lrtor developad
it w « prr boiler cum drier. Triscls erec still pgoing on with the experimpntnl
nodel. A test run of 100 drys is now in progress. Petents ere pondiig for the
Government in 22 countries which include both me chinery ornufeeturing smnd rice
producing countrics.

Apert from r11 this we hove developed in this amhltz:;, ‘mrchinery
fron puddling in muddy fislds to specisl sprry nozzles for prddy pest
_ control work. GQuite rh smount of work hrs been done ontstubble milching,
surfrce tillrge prectices, weed control, irrigetion-sprinkler snd otherwisc.,
A madtitude of. other problems sre being trckled currcmtly by both enginesrs,

scientists end frimers.
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CEYLON ASSCCIATION FOR THE ADVANCEMENT OF SCIENCE:
CURRENT SCIsNTIFIC RESEARCH AND ITS RELEVANCE TO

- Mp P.N.Ferhando under the supervision of Dr A.K.David at the
Univergity of Ceylon, Peradeniya.

The possitle future development of the Sri Lanka electrical power
gystem was usec as a background in these studies. Given the probable
feasible power system configurations arising with time from the
development of mmltipurpose hydro schemes, thermal/nuclear plant, power
and energy exchange with an independent power system and the asgsociated
transmission, an optimal planning approach has to be sought. This
problem was formulated as a discrete miltistage decision process, and
the apnlicability of Dynamic Programming for its solution was shown.

A computer program was developed for this purpose and applied to the
backeround example power system considered, using an IBM 1130 Computer.

The possible configurations are considered feasible if amongst other
requirements they show satisfactory performance with respect to voltage
control and reliability. The optimal reactive power requirements for
satisfactory voltaze control were determined by a perturbation oi the
non-linear power system equations in conjunction with linear programaing
and a computer program ‘was developed for this purpose. The reliability
aspects of the power system confizurations were glso studied by con-
‘sidering the effects of power system component outages. Quantitative
estimates of reliability were derived incorporating the probabilities
asseciated with the exceedance of particular leads and componendt
outage occurrence., Several transient stability studles were also
periormed on these configurations.

A computer program was also developed to study the performance
of one of the power system configurations above, in conjunction with
a similation of the steady state operation of a High Voltage Direct
Current Link between itself and an independent power system for power
and energy exchange. G :

(2) Hydro Pover

= Megsrs K.L.Ariyananda, $.V.A.Buddhadasa and other Engineers of
the Engineerin: Studies Organisation (ESO), Mahaweli Development
Board and Dr S.Sabamthan, University of Ceylon, Katubedde.

The major hydro power stations in Sri Lanka at present comprige a
gystem where the outputs are electrically interconnected by the high
voltage, grid system and the inputs hydraulically interconnected by
the power waterways and the reservoirs of the Kehelgama and Maskeliya
Complex. 4 prerequisite to the further development of hydro plant
in other miver basins was the study of the integration of their
operation in conjunction with those existing. Such a study would
involve simulations aimed at obtaining the parameters of the future
schemes for optimal integrated operation. These studies were first
attempted oh ‘a ICL 1900 computer for the economic justification of
thet Uluwela Power Plant on the Mahaweli. Later a computer program
developed by Messrs K.L.Ariyananda and 3.V.A.Buddhadasa of the ESO
for integrated operation of the several future plants in view
with those existing, indicating also the optimal thermal back-up
required of the system, bearing however a distinctive simplicity.
This progam was used to prove the economic justification oi the .
Bowatenna and Samanalawewa power plants and it will be exiended %o
incorporate the Canyon and Kotmale power plants.

(contd. p.2)
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Other computer programmes were developed for the followinz by the
ESO - . s :

(a) Caleulation of penstock water hammer using dimensionless parameters -
‘K.L.ﬁriyananda. ? : : ;

(b) Operation of a single reservoir - K.L.Ariyananda.

(c) Surges in an incl ined surge chamber with a restricted orifice -
Dr S.Sabanathan. ' .

These were used for the Bowatenna power plant designs. The ESO
is developing a program to evaluate the pressure and speed regulations of
a Hydro-Electric Systen to determine in one study the optimal hydraulic,
clectrical and mechanteal parameters that are interlinked in a hydro- :
electric power station. The ESO is also workinz to review available literature
and current practices for application to economic power plant design.
Some areas investigated are unit spacing of generations, optimum
generating voltage, economic power station earthing systems.

- Megsre L.C.Aramatunga, P.N.Fernando, ¥.Tissera.

The electrical insulation of a power system gets stressed beyond
the normal voltage of operation under the impact of over voltages caused
by surges in the system. These are generally caused by direct and
indirect lightning strokes, switching surges and unbalanced faults.
In transmission system design, the insulation levels are dec¢ided on the
basis of maximum probable switching surges while catering for the -
diversgion of lightning surges, maintaining a suitable coordination of
ingulation levels of the different power system components. These
princliples are applied in the selection of insulators for a given system,
giving due consideration to environmental constraints. High voltaze
- tests are performed to determine the surge voltage perforuance of insulators.
Begides the voltage withstand limits, the creepage distance of an insulétor
is also of importance particulatly in determining the performance under
polluted conditions.

Owing to troubtle experienced in’ polluted areas the CEB hag adopted
the use of 44 KV and 15 KV pian insulators on 33 KV and 11 KV lines =
regpectively. The increased voltage withstand values and the higher
creepage lengtha thereby have proved satisfactory in overcoming flashover
in heavily polluted areas. However this has led to an over rating of
insulators in the moderately polluted and clean areas. The High Voltage
Tests above, performed at the Engineerinz Faculty, Peradeniya, were aimed
at obtaining the impulse withstand properties of hish voltage insulators
in conjunction with treated/untreated wood cross arms in polluted/mon-
pclluted and wet/dry atmospheres.

The test results were to a great degree in agreement with those
expected. The effect of thé wood was to add approximately 50 KV of impulise
withstand voltage per meter of it over and above the impulse value for the
insulator alone in both dry and wet tests. Based on these results a table

swas drawn making engineering recommendations on the usage of insulators
and wood cross arms for different parts of the country. The economic
implication of these tests may be observed by noting that a standard set
of wood eross arms are acout one third the cogt of gteel cross arms,
apart from the possibility of using lighter rated insulators.

* The various socio-economic and technical factors propagating the
continuous and discrete increase of the electyic power and energy demand

- are described in detail. The relative merits of the different methods
available for load forecasting are also discussed. Load forecast trends

'(Contd; p.3)
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for the recent past derived on the basgis of one of these methods,
namely Qirect extrapolation of past trends, is compared with realized
values in practice and the close agreement of actual and predicted
curves shown. The probable upper and lower limits for the future
loads are also given on the above basis and compared with foreaasta
by other indﬂpendent authoritles

(5)_,31:' on 1 eviation of Reservo
: Gastlerelgh and Mousakclle Reservoirg

Contribution to these studies were made at various times by
Messrs T.R.Cooray, K.Arumugan, K.A.S.Chandrasiri, P.N.Fernando of
the Ceylon Electricity Baard fCEB) in consultation with Prof. K.K.Y.W.
Perera, University of Ceylon, Katubedde Campus.

The Sri Lanka electric power gystem is o mixed system consisting
of both hydro and thermal plant. The hydro componen®, which is
predominant depends largely on the inflow from rainfall realized in
the catchment areas of Castlereigh and Mousakelle Reservoirs. In view
of  the fact that these inflows are probabilistic, the major function
of the thermal plant is to back up the hydro system and enahble a
hydro-thermal coordination which would as far as pogsible minimize _
spilling on the one hand and avoid system energy shortages on the other,
while meeting the congtraints imposed by the demand, maintenance
programs and operation of other plants.

The problem of hydro~thermal coordination in an optimal manner
with the in-flows congidered deterministic is well defined and

- realistic methods of golution are available. However, when the

inflow is stockagtic, this problem becomes very complicatéd and

the solution approaches attempted have depended on a suitable
processging of the historical spectrum of inflow récords and an |
operational simulation on the system of main and control reservoirs,
power waterways and machines installed ete. Briefly the method :
zonsists of working back from a realistic end point of the system
under study, such as the commissioning date of a new hydro scheme,
and working backwards to the present, gimilating the effect of past
inflow sequences ower the relevant time span on the reservoirs and
deriving a basic rule or minimun safe level curve.

Thermal energy is called for whenever the actual reservoir
level is below that indicated by this curve. Modifications to this
approach were also worked out and the practical reservoir control
wag baged on a careful interpretation of these results. At the initial
stages these tedious computations were done manually, tut subsequently
a computer program was written by Mr K.A.S.Chondrasiri for this purpose
and the inflow figutres from 1934 to 1972 were processed to obtain
more comprehensive results.
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- CBYLON ASSOCTATICN 02 IMG ADVANCH!ANT CF SCIENCE
: : Symposium
on

- Enzincering Resenrch in relation to Sri Lanka's
: Developnent

on 3rd August, 1973 3 - 7 p.m.
at Irrigation Audditorium
Some thou jats on Research and, Development in
rural tochnolozy in Sri Lanka -
by D. L. 0. Mendis

PALTTLVE JAN strugiled azainst natucs. To survive, he soon learnt to
work in sroups. This was the bezining ol orzanised Sceicty.

2. In ruraki Society in our country today, the individualls stru:ide
with nature remazas, bat the sroup struzde is orsanisad on - nere :
systematic terms than in primitive Society. . Consequently, there is a
oalance with nature which shoull not be upset in the process of develop-
ment, especially technolo 4dcal developrient. To understand this is to
appreciate tis meaning ol "Ressareh and Developrsnt in Rural Technole wy".

3. Hural Scciety has an ancient tra:ﬁ.ticna]éack jround. This vack-
Jround 1s essentially amicultural. The techinclo fical achisvements that
supported the ancicnt a micultural civilisaticns are evidsnt in the Zorm
of ruing of the ancient irri ;ation svstems that were _uilt usin: locally
availacle rescurces. If we are tc use nc lern knowl 2d re tc achieve rapid
development in the rupal seclor, we she2l? develop technole ziss taat will
nct on the one hund rudely stury the existin; calance with nature, but
will, on the other hand, utilise loeally availacls rescurces te the
maximum, :

be It would ce convenient to discuss taisg development and plan an]
cenduct tie necessary research in each of four sectors, viz. agricul ture;
industry; constructicn an! transport. It would also e convenient to
discuss cartain important Jactors that are com on to one ¢r more of these
sectors, viz. water, fertilizer, tools, rachinsry and implements and
enerzy and power, ' - . :

S. ater is stored on the surface of tihe earth or tapped from under-
Jround scurces {or irri ation ¢f creps. Wth surface atora.a;e, cengicerable
ameunts cf stored water are lost throu th evaperation and Seepaie.

Indi rencus raseares to reduce these lossss can maks use of modern
knowled e that was provauly not available in ancient times, For example,

a mono-molecular layer ol oil has oeen Spread cn larze reservoirs to
reduce gvaporation losses. : .

6. Tc make use o potential enerzy available in storaze water, we
may undertakes local research to develop water-wheals especially waere
there ars fallg in lar:. canals. :

- we nust develop cheap pipes, -An oxample 1s availacle of a very 1iht .
quality of polythene veing used to pake a pipe svstem totalling accut

1 mile in lensth, which costs less than B, 50/- for the irrisaticn of paldy.
Azadn, in certain areas of the country where clay is availavle and there

is a vralrticn of pottery work, it may .e possiols to manufacture clay
Pipes en a comwarcial scale, For thigs -UXpese, tie research would include
development o7 suitasls machinery,

: 5 To aveid S2epaje and evaporation lo ‘ses in the conveyancs svstan,

(cont?)
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8. -Where water has to oc lifted using; mechanical power, althoush
wind power has veen used in some places this has nct oeen supported by
adequate indl zenous research., Jor the development of water pumps, scme
research has veen done in the State fn Ancerinz Corporaticn and elsewhere,
but commercial application is still far Irom complete and pumps continus

to pe imported, whilst local manufacture does not sdewately meet the Jamand,
At present, a project to manufacture 2-wheesl tractor with a water pump
attanhed has bezn launched, based on al hoc research done in a few public
secter institutions. 3uch research can ve olfectively institudionalised
if the N#.1.D. Centre is started. '

25 Another area of research for liftin; watesr is the direct conversion
of emergy from the syn, on which sore ipitial research was done several
years azo in the faculty of ™mzincerin:i. Unlortunately, that research was
nct applied to the solution of proclems on the field in the rural aceas.

10. for land pruparation in agriculture we have uscd the bulfalo and
cattle since ancient times. But the Lewheel tractor was introduced some
years saeck without much thow :ht for the Future. Today, the capital cost
of tue L wheel tractor is prohibitive whereas the 2-wheel tracter is stall
within cor reach. But it is not hard t anticipate the timé when the
capital cost of an imported 2-wheel tracter will alse wve prohioitive.
Tiis is a clear example of the consequence of the ausence of research in
rural technelcsy. Tven at thos late staze, we must take steps not only
to conssrve the buiffalo, cut to manufacture the mechanical substitute for
the buifale in this country. Covicusly, the 2-wheel tractor an? not the
l=whoel tractor would o: the nsxt appropriate step in technclogical
developnent and that is why the Ministry of Plamminz launched the local
‘2-waeel tracicr project rocently.-

11. Mot only the tractor, but all the tccls, implaments and maclhinery
needed in awiculture must ve systematically developed in this country,
Unlcrtumtely, successive lovernments had invested 1arze sums of capital
expend. ture on such white elephants as the State Hardware Corporation
instead of investing rore wisely and conservatively on indi Jenous ressarcih to
develcp our agricultural machine technclofy. Such ‘efforts as were made in

- the Ministry of Agriculture were not ziven adequate suppert from the
industrial sector nor were such efforts properly co-ordinated within the
asriculture secter. For example, the Asricvltural Implements factory at
Welisara althouzh set up to manulacturg such implemcnts locally, functicns
in a diiferent section of the Department of A riculture from the Farm
Hlechanisation Unit at Maha Illuppalama; and, of course, cther orzanisations
in tae industrial sector such as tne Hardwarc Corperation, the Govermrment
factory and various private workshops that have a potential for manu-
facturing aicultural hardware have no contact with these two crmisations
in the amicultural sector. :

125 To remedy this sifuation, the Ministrv of Planninz is settin: up
Medium 3cale Inlustrial Co-operatives in the Districts. The needs of the
agricultural secter will ve met oy the preducticn in the local Industréial ;
Co-vperative, and dirsct contact beotween the a ricultural sector and the
industrial sector at thc District loval will oe effectively maintained,
However, the nved for research and developrent in this area of rural
tecunclosy vecomes all tue more important, '

13. . 1If such research is financed; ons can lock forward to the develop=-
ment of the indizencus thresher angd winnower and cther siall machines

(both man~powered and power cperatcd) as well as a combined harvester on
the indi jencus 2-wheel tractor, in the ncar future,

14. In rezard to fertiliser, we have paid viry little attention to :
research in the rural arcas, on traditional msthols of fertilisinz the land.
bodern knewledze is availavle tc us to study the wowth of orzanic ferti-
liscrs, such as the nitrogen fixing vacteria. But we hear much more about
the advantaies of using chemieal fertilisers that are impcrted intc the

- {cont'd)
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-ucunu?-than 3ueud such orjapie fortiliscrs. Recently, a Seciurtist
coservy® that the Dry Zone of this comntry had sustained aypdiculturc -
for theusands of vears provavly cn account of such orzanic fortilisers
as preduced by mitrozen fixing oactsrial that thrive in the presence of
sun 1i ;ht and in the presence of treecs of phesphate, However, we have
not heard of any orzanised research on these aspects. Meanwhilec cur -
Asricul cural Scientiets are well versed in the tecimiques developed in
forei n countries and transferrsd here, which techniques iepend cn
imported fertilisers, wecdicides ani pesticides, tc sav mothini of the
seed, Amicultural Scientists vemean tae backwardness of -the rural

a ricultural worker in adeptin: thesc"™modern technolo zy" whereas the
rural agricultural worksr finds that modern tecancleyy is being impcsed
on a traditicnal technolosy, which we knows well, withcut due rezird to
a mere 4radual transformation Lased on rescarch in the rural technolczies,

15. It is seen that in the indastrial sector, much of the potential
for development is intimately tied up with the azricultural sector, One
may even define agricwl wure as an industry and invest in research For
the development o the "amriculiural industry" in the rural arcas,

16.. In rozard tc transpert, wz can mention transpert on land and
transport vy water. Land transport will ve revelutionised by the
develepment of a stronz 1i tht and cheap wheel in the country. One weuld
yearn to see ressarch dirscted to this problem resultin: in the develop=
ment ¢£ a pair of wieels cesting less than R, 50/- wei zlrin 7 less than sav
20 1os, and avle to carry cn axle load of up t¢ 1 ton on unsurfaced rural
roags, This wheel sheudd also oe locally manufactured in the rural arcas,
“hat comes to mind is a bicyels type with ruober tyres and a steel axle,

174 With such a wheel it will ve possiole to utilise man-power to =
much jreater extent than at present for rural transport. ‘This in its:1f
will have a tramendeus chain effeet on national eccnomic development.

18. #ater transport may oe possible on a systematic scale in larse
Colomisation “chemes, wiere main channels carry water continucusly during
the cultivation season. '7e have heard of an invention made by a rural
tecimoli 7ist of an unsinkable voat, powered vy wind, which woull lend
itself to such tramsport. 3

19. In the construction sector, a jreat deal of research and _
‘devalopuent is necessary for construction of earth works, voth channels
and bunds on such major projects as the fflahaweli Devalopment Project,
for example, To quote a well known example, the earth works in re-
trainin; the Dhun Oya below Ukkuwela Power Plant cost Rs. 35 lakhs of
wilch as much as Rs, 12.5 lakhs is in foreign exchanse. This is because
we have merely handed over the Joo to a foreim contractor, who is doinz
it with modern tecanolozy impoerted frem avroad, which is the easiest way
for him. If we had used appropriate rural technclozy in this area, we
would have riven employment to a very larze number of pecple and set up
a permmanent industrial centre near Hatale, with the foreim exchanze
component of this work, In this Centre, we would have researcP%he appro=
priate teclmolozy and develcped the appropriate machines for this Job.

) e Very provasly, this weuld have veen small pm}er uni tg meunted on
2 or L wheels, haulin: trains of earthemoviny carria-es alse mounted cn
2 or L wheals, whdch would Dave veen lcaded oy labcur using hand tools.

2%, - The earth itsell could have veen lcosened oy the use of .
mecnanical power, for example with tillers, The equipment would have been
manufactured loueally, with only such itams as enzines and transmissions
imported, At the end of the Job, the disiriet would have had a very
valuacls resihal investment in tochnclczy for the future.

{centtd)
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22. Ancther area in widch such practical rescarch should be done is

in rural housinz., It is indecd a shame to sse pottery workers who work

with clay in the Murunkan area in Mannar District living in thatched -
hovels, whica themselves have no clay walls! This is because there aas
nct been any research in rural technclo vy in this area which would have
Ziven these rural workers an opportunit.y for econcmic development, For
example, if clay pipes can oe made in this area to conserve water under
the Fant's Tank Irrization Schemes, there would be nenef‘:.ts to the fammers
and indeed to the whole District as well.

23. In conclusion, I wish to mention a new institution which has
already been tried and proved, throuzh which research and development
in rural techncleozy may rind practical application, I refer to the
Dispersed Producticn Co-cperatives set up by the finistry of Planning,
as Division Development Cocuncil projects all over the Island.

2h. The first Dispersed Co-operative Divisional Development project
was the Li ht Enzincerin; Industrial (Blacksmiths) Co-operative at Kotmnle,
In this type of orjnisation, each memoor of the Co-op retains his identity
and individuality in his own work places A numver of such individual
mamoers whe practice a commen profession or trade fom a Special Co-
operative and cotain for themsclves certain ocnefits which may te breadly
described as "inputs! and 'Optpuis!s Tie Inputs are zenerally raw
materials, tcols and know=hew and the OQutputs are the markets for their
products, fellcwing tae succsss of the Eotmale Project, I zht En dneerin:
Industrial Co-cperatives have been set up in more than 50 Divisions in all
parts «f the Island, Thereafter, lledium Scole Indastrial Ceeoperatives
eonsistin; cf snall machine shops, weldin; shops, foundries and repair
zara ;es are also pein ; crizamised at the District levels The cormercial
production of the 2-wheel tractor anl water pumps are bein{ undertaken
throuih these Co-cperatives,

25. Dispersed Production Co-eperat:.v 36 have alsc uveen set up in the v
ayricultural secter, rfor example, a Kitdl? Products Cé-cparative is :
manufacturin: ja zery and honey, scme of which have been exported to

Lendon. An Ayu.wed:.c Producers Co-cperative has also veen set up. ' &
Indl zenous rescarch is necessary to develop the productivity of the : !
Ayurvedic Co-cperative,



Introduction
Ve have inherited a vast networl of irrigetion tanks and channel
systems from our forefathers, iiost of these ancient irrigation works
were in an abandoned state when the Governuent through the Irrigation
Department undertook a programme of restoration during the late thirties.
In order to achieve returns from the investiment made on such irrigation
projects, research work had to be undertaken so that the schemes could be
properly designed with the minimum of cost to the country. & research
division was set up in the Irrigation Department to carxy out scientific
study and research for the efficient utilisation of the land and water
resources available to the country.

.

The main branches in which research was undertaken are iydrology,
Geology, Soil ilechanics and Hydraulics. 4 brief review of the work already

b carried out and the lines on which future studies may be carried out are
discussed in this paper, _ _ .
~ s
2. Hydrology

. The Seience of Hydrology deals with the origin, occurance and distri-
- bution of the waters of the earbh. Its evolution as 2 science has been
dependant upon supporting sciences such as physies, chemistry, fluid
mechanics, metereology, geology, forestry, mathematics, statistics and
more recently computer science.

Engineering hyﬁrolugy deals with the science as applied to the
design and operation of Ingineering Works. Hydrology is not an exact
science, but thanks to the efforts of medern day researches, it is fast
moving towards an exact science, especially since the advent of the -
electric computer in the early 1950's.

Fortunately for us, researchers in other countries have carried
out studies for -our guidance in the development of hydrological data
applicable to, this country., LEROY SHER A (1932) introduced the theory

. - of "Unit Hydrograph" whereby rainfall excess could be translated to
run-off in the form of a hydrograph. This was followed.by Horton (1933),
who outlined a procedure for determining infiltration losses so as to
enable the calculation of rai.nfall excess for a given storm to be made
on a rational and scientific basis, In 1941 Gumbel introduced statistics ‘
into Illydrology by suggesting the use of extreme value distribution for
hydrologic analysis. '

s (Contd....)



These advancasJin Engineering iydrology and its scientific
applicatlon, play an importand part in the develapment of the Hater
Resources of the country. The work commences with hydrological data
collection and thereafter involves the analysis and design utilising
the data so gathered. ' %

_ The Research Divigion of the Irrigation Departunent is responsible
for the systematic collection of hydrological data and the analysis of such
data, The Island is vovered by a network of rainfall stations. Thé ;
Department of .leteorology meintains about six hundred 24-hour gauges and
24 self recording continuous gauges. Surface run-offs are measured at
gauging stations maintained by the Irrigation Department. Stream flows -
" in about 100 potential reservoir sites have been gapged and ‘a great deal
of data relating to the surface flow at these sitaé are available, In
addition, 24 free water surface evaporation stations are also maintained
by the Irrigation Department to provide data for the preparation of iso-
evaporation maps.

The cost of irrigation water iz rising rapidly thereby necessita-
ting the study of proper methods of conveyance,-diétribﬁtion and use of
water. Several investigation and studies have been made on the seépage
. losses fro@ channels and the planning of farm layouts. With the departure
from the traditional rice irrigation system, studies have also become
necegsary on farm layouts for crops other than paddy. These s*udies have
already been initiated so as to provyde the designer with gifficient .
data applicable for condltions in Sri Lanka,.

The study of availability of ground uater and its exploitation also
cells for scientific investigation. These studies have also been under-
taken., The subject of Ground Water has alréady been discﬁssed in great

detail in a receat seminar organised by the CAAS under thig programne, .

Turther studies and resesrches into seepage losses in Canals,
‘siltation of reservoirs and cenals, water management etc., have to be
carried out urgently, if some of the major projects (eeg. Hahaweli
Project) are to be designed on a rational basis.

3. Geolpay
Geology 1s a science of the structure and formation of the earth.

Tt consists of several branches like Geomorpholngy, Petrology,

Jineralogy, flistorical Geelogy, Structural Geology ete.: We, as

Engineers, are concerned with some aspects of the above branches, chief
of which are Structural Geology and Petrology.

'(Gontd:..l
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When a major irrigation projeet is undertaken, Geological
investlgations are conduct.ed so as to enable a safe and economical
design to be prepared. Initially detailed geological maps are prepared

 of the project area using the (1) available largest scale topographical

map of the area, (1i) aerial photographs _(usually 1:40,000 scale) and
(111) information gathered by site inspections. Data furnished in these
geological maps are cheaked and confirmed or amended by core drilling

at salacﬁed'lpcations. .Sugpected weak zones are usually test checked

by core drilling; at the time of core drilling, water pressure tests and °
punping tests are also carried out. In special cases, fluetuation of

_water tab.le. is algo measured over & period of time. These investigations

would provide sufficient data to prepare Engineering Geologic Sections
for areas where Engineering structures are proposeds A preknowledge of
the geology of an area would be necessary to evolve satisfactory designs
for a project. Bven during construction, geologic investigations and
evaluations sre necessary to determine the nature of foundations, need
for lining of tunnels, extent of grouting to be carried out ete.

During recent years, extensive geologic investigations were carried
out for the design of iﬁportant projects like Polgolla & Bowatenna Complexes
in the Ighaweli Development, Bowatenma Pewer Project, Samanalawewa
Project etc.

4 Soil iiechonies

So0il mcchanics is the application of the laws of mechanizs and
hydraulics to the engineering problems dealing with sediments and other
aceumulgtions of solid partlcles produced by the mechanical end chemical
disintegration of ‘rocks. This include the theories of behaviour of soils
under stress, the investigation of physical properties of soils and the
application of theoretical and empirical knowledge of the subject to
praetical problems. - The benefits that have accrued to the country as 2

‘result of this sarly break-through from the traditional approach of earth

dan deaig to a more rational and scientific method of design, have been
twofold. Wuile costs have been minimised by introducing econqmic dedigns,
at the same time factors of safety available in the designs, have also
been correspondingly increased.

The staff attached te the Irrigation Department's Soils and
Haterials Testing Laboratory is engaged on applied research in comnection
with the application of the princlples of soil mechanics and concrete
technology to the solution of problens affecting design and construction of
dams ond other hydraulic structures. This Laboratery which is believed to
be among the earliest Soils Laborafory in Asia, was founded in 1942 for
the purpose of applying principles of soil mechanics in the design of
earth dams. Up to this tiue, the design of earth dams has been based on
empirical formulas ond precedent. (Cogtde..)
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We have passed through some of the stages in the evolution of
the practice of earth dam design. - It is a significant fact that over
the years we have accumulated sufficient experience to handle with con-
fidence the demands that face us now in the field of high dam design. FY

I-; the first stage our ancestors designed earch dams on 'bhe basis
.of precedent and probably on em;:irlcal thought processes.

" In the second stage we passed on to the thumb rule stage - this is
typical of the earth dam designs during the colonial ear, During this
period the efforts of the department were muinly concentrated on the re-
construction of the ancient earth dams. Re-modelling of these old dams
show oﬁly over fill to the newly augmented heights on very much the same -
pattern as what the ancient Ceylonese had done centuries ago. Aftor
varying periods of storage, these dams devcloped seepage at points along
the downstreanm slo;ﬁes and protective works had to be carried out in orxder
to avold failure. This type of empirical design and treatment has cost
considerable sumz of money. The stability of eritical 'séction of the
:Hinneriya Dam under conditions then 'etisting, showed a factor of safety of
1435 on the upstream and 0.82 on the downstream (1948). lllowmg a margin
of orror for high values of pore water pressure in this analys:.s, the fact ad
remains that this dam nearly failed in early 1950's. The Eramudu Oya Gap
or Parakrama Samudra was designed as a homogenous £ill in 1938. The then ' .
practice was to assume a phreatic line on o steady 1 on 4 empirical gradient,
This led to most inconvenient and unrealistic designs with very flat down-
stream slopes requiring extra quantities of f£ill material.

The third stage set in with the deéign and construction of projects
such as Huruluwewa, Hulanda Oya, Padaviya and Gal Oya, These designs show
improvements in techniques, chiefly in the adoptx.on of zoned dam sections -
and internal filter arrangements to arrest seepage water. .The: slopes of
these dams fave been das:.gned after careful s‘tudy of the physicg) psp—
perties of the soils that were available at the sites for construction.
The factors of safety available in the design had been evaluated and
unnecessary flattening of the downstream slopes avoided thus saving a
considerable amount of money by deviating from the thumb rule method of
design of carth dams. The design and construction of ‘the Gal Oya earth dan
incorporating some of the latest design tcchniques, such as inelined
downstrean filters, marLed the dawn of a new ewa of high dam da.sign and
cmstructlon.

In the fourth stlge that is currant.ly taking nlace, the Irrigation G
Deparbmedt's Soils and ‘aterizl Tes‘blng Laboratory is engaged on high dam
design of projects such as Samanclowewa, Kotmnle, Randenigala and ;
soragohakanda, The 350 ft. high Samanalsaweva earth dam is in the design
stage, while Tield investigatiens arc in progress for the design of the

(Contd,,.)



. Kotmale dam., Preliminary imestigations and laboratory tests of
representatz.ve soll samples haVe been completed for the Randenigala
and Iloragahakanda dams,

In the design of these high dams, it is of great importance to
assure the stability of the dam. What is done in the name of development
~would turn ont to be a catastrophic failure if the various factors that
contribute towards stebility of the dam are not correctly evaluated. The
principal uncertainity in the determination of the factor of safety lies in
the estimate of pore water pressures. This estimate has to be made for
three separate sets of conditions - i.e. during construction, when the j
reservoir is full and during draw down of the reservoir, The initial
estimate is based on laborator'y- tests of representative samples of soi.ls
_ obtained from the proposed sites, theoretical considerations and field
~ observations of the geology of the site. ' .

The evaluation of an economic factor of saefety therefore implies
that the paremeters that.contribute towards stability should be evaluated as
accurately as possible by lsboratory testing. The use of accurate and even
~ elaborate methods of testing is resorted to in the Soils Laboratory as the

reduction in construction costs fully juéti.f‘y this method. For instance in-
the design of the Samanalawewa dam, the original design for the earth dam
 proposed by Consultants, necessitated a fill volwme of 8.3 million cubic
vards, This design is presently beihg reviewed by the Engineering Studies
Organization of .the Mahaweli Development Board in collaboration with the
Irrigation Department's Soils and iaterial Testing Laboratory in the light
o,ﬁ_‘_ additional data available from field invast,igation and laboratory test
results. The design under study now would require a £ill volume of only
5.8 million cubit yards.- ; : -

5. HBydraulic Engincering _

fydraulic Engineering problems carnot always be solved by
theoretical analysis. iodel testing in hydraulic research laboratorics
usually provide the answers to many complex problems. All designs
organizations undertaking work on Water Resources development are backed up
by tvﬂraulm research laboratories for checking the performance of
structures on hydraulic models. 'Work done in hydraulic research labora-
tories have helped to evolve economical and efficient designs resulting
in reduction of the cost of projects. Engineering Hydraulic Research
therefore plays a vital and effective role in the implementation of '
davelopment pmgrammes.

(Gon_td...)



In 1938, a Hydraulic Research Laboratory was established at
Jawatte Road by the Irrigation Depapthment. In the first 20 years of its
-existance, this Laboratory had unﬂartaken a number of hydraulic investi-
gations and experimentsl work for the design of flood prtrfaectibn schemes
for ililwala Ganga, Gin Ganga, Halu Ganga ‘and Kelani Ganga. Though the.
flooding p:;oblerns in these rivers were very complex, partial suggestions
have been impiemented with varying degrees of umsuccess.

Research work was also carried cut in the field of éoaétal
Engineering. Sea outfalls at ilaggona, Golyapana and Wellawatte were
studied in detail and partial success has been noted on the implementation
of the findings of the researches. liodel tests were also carried out on
several ‘impertant structures for Parakrama Samudra Scheme, Iiinneriya _
Schene, Katt:lpa‘bhoya Scheme, Huruluwewa Scheme, Rid:iyagalna. Scheme etc.

During recent years several studies were carried out for deter-
mining the suitability of designs in several major projects. 4 brief
description of the work done is given below i~

(2) liahaweli Project

The congtruction of a barrage 8t Pelgolla on a major river
like the liahaweli Ganga psuses several problems. The design
¢all for a barrage with hook-type gaes and the diversion of the
river flowsthrough a 19 feet diameter tunnel, ‘

tipdel tests were carried out to study the backwater effecté
caused by the barrage, an operation patf)em for the gates,
giltation and gediment movement, flow conditions downstrean
of the barrage etec, |

These studies helped to finalise the design of the
gtructural features and perhaps saved money for the project.

(b) Samanalawews Project

The desigh called for a chute spillway located on the left
bank. The model tests revealed that the approach to the
spillyay could be modified so as to save over a million
rupaes in the construction of the approaches to the spillway.

(c) Anbawela Scheme

The problem of energy dissi-bation on the downstream of the
chute spillwa” hed to be solved as the rail track in the -
vieinity of the spill channel had to be safeguarded. The

laboratory evolved a satisfactory chute spill with zig-zag
baffles. The spillway based on the recomnendations of the
loboratory has been constructed and is fumetioning very

gatisfactorily. (O
O
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‘Hesearch studies carried out in the warious branches of the
Irrigation Department have helped in the advancement of design of
several complex structures and in the efficient development of water -
resources of the Island. As severzl major projects are scheduled for
implementation in the next few yeams, it would be prudent to make
additional investments for the development of research.
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CHURRENT SCIENTIFIC RESEARCH IN HIGHWAY ENGINEERING AND ITS RELEVANCE TO THE
DEVELOPMENT OF SRI LANKA

Paper presented by Tudre Gunawardhana on 3rd August 1973 at the C.A.A.S.
Symposium on Current Scientific Research and its Relevanee to the Development
of Sri Lanka.

Role of Highways in National Development

Roads are of prime importance in national development. We need roads for land
and agricultural development, exploitation of mineral and other natural resour-
ces, development of health and educational services, commnity and sncial
development and for the development of tourism and internal trade and economys
Almost every aspect of national development requires the direct or collateral .
service provided by highways. A good highway system is a national asset and no
substantial national development can take place without a corresponding develap-
ment in a country’s highway system.

Research and Develorment

With any form of development programme, research is an important factor in
achieving progress and the development of highway planning, design, construction
and maintenance is no exception.

Also if rvesearch is to make an immediate impact on development, research must be
first directed at those areas where substantial results er economies can be
expected without protracted delay.

In highway engineering the potential areas where fruitful results cam be
expected eariy are the following. :

1) Comordinated planning in relation to other development activities.

i1) Rationzl design to suit traffic demands and providing for stage
constructicn :

1i1) Quelity contrclled construotion using the least expensive material
and the adoption of labour intensive techniques to produce an
Qconomiguand efficient highway system.

The Highways Department has its Planning functions looked after by the Divisien
of Traffic & Plamming and the pavement design, materials and methods of
construction research by the Division of Research and Development. This paper
deals essentially with the work carried out by the latter, ie. the Division of
Research and Development which is located at Ratmalana.

Research Policy

If the country's need and co» objective is the obtaining of early results
through research, it is clear that specially in the case of highway development
the accent should be more on applied research than on basic or fundamental
research. This has been the continued policy of the Highways Department,
whereby it is expected that research activities shall be devoted to making
realistic improvements to practical road building technology and also to find-
ing solutions to actual field problems encountered.

Tn the field of highways we have been very fortunate that developed countries
in reaching their advanced states of development, have given very careful
attention to highway research. However it must be borne in mind that each
country has its own characteristic conditions axr problems of climate,
geographical and geological features, availability and type of material
resources, traffic demand and financial resources. These variable factors ~
therefore require the modification and adjustment of the research findings
worked out elsewhere before they can be adapted to suit another environment,

. Therefore, although we have the advantage of having research findings at our
disposal without having to indulge in expensive and time consuming basic
research these findings must be judiciously modified to suit our financial

Tudor Gunawardhana, B.Sc. Eng., M.Eng.¥c., Th.D., AM.I.C.E., AM.I.W.E,
Chief Engineer, Research and Development, Department of Highways.
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and envirommental conditions and the labour intensive system which we must
necessarily support. This persuit together with research aon a series of
characteristically indigenous problems directed towards the production of
economic and quality controlled roads, along with the training of personnel
to carry out this work have constituted our effort towards national
develgpment since the inception of the Office of Research and Development
in 196¢.

Practical Applications of Research
o =
The road mileage which has grown since the beginning of the British Period

of rule has essentially been of the Telford and Macadam Types as illustrated
in Figure 1.

Fig, 1
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This type of construction was used irrespective of subgrade conditions. On a
strong subgrade this led to waste of material, and on a weak subgrade,
pavement distress was inevitable. Even if the pavement survived, surface
undulations could not be prevented due to the rubble and single sized
aggregate gradually sinking into the subgrade with repetition of traffic
loading.

The eventual result of this was the build up of a considerable mileage of
substandard road with poor riding qualities which we inherited as a legacy
to begin our modern development era,

The problems that were inherent in this legacy could not be eliminated
outright by the complete reconstruction of these roads on the lines
established by modern research findings for new road construction. The first
cost of such a venturé would have beem beyond our financial means at any time.
Therefore the problems of this aniquated system have had to be continuously
looked after as best as possible by improvements and maintenance.

In order to review the contribution made by applied research towards economic
highway construction and maintenance, it is first necessary to disouss the
basic highway pavement structure to bring to mind or identify the arcas that
can benefit from research, These components are indicated in Figure 2,

We shall take each of these cemponents in turn and see the impact made by
research in making its constiwction more economical and more effective
in-service.
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#Definitions:
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Definitions *
Subgrade 3 The natural foundation or the fill which directly receives
the loads from the pavement.
Sub base A layer of material placed between the foundation and the

formation, usually for a special purpose, such as to get
the road way above water level or to increase the depth
of construction to reduce intensity of loading on subgrade.

That part of the pavement resting upon, and through which

the load is transmitted to the sub-base, subgrade or
supporting soil.

Abrasion resistant surface course on which traffic loads
are applied.

Pinal water proofing finish placed on wearing course or
on a compacted base. :

That moisture content at which a specified amount of
compaction will produce the maximum dry density.

The dry density of a soil obtained by a specified amount
of compaction at optimum moisture content. -

The process whereby the soil particles are constrained by
rolling or other means, to pack more closely together, thus
increfising the dry density of the soil.

The distribution of particle size as determined by the percen-
tages of the various grain sizes presented in @ soil or
aggregate,

Soil treated in such a manner as to render its properties
less affected by water and to increase its load bearing
capacity.

The whole of the artifieial construction made to support
traffic above the subgrade, :

Bitumen which has-been rendered fluid at.moderate tempera-
tures by the addition of A suitable dilSient such as
kerosene, :

As per Soil Mechanics for Road Engineer - H.M.S.0.




Subgrade Treatment

The component that needed first attention was the subgrade, The basic
treatment for strengthening a subgrade is compaction, Although this is not
a very popular exercise with road builders we have been pressing hard to
create an awareness of the importance of such characteristics as maximum
density and optimum moisture content in subgrade compaction in the obtaining
of stronger and more stable subgrades,

Zero Air Voids Line
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Compactive
Effort

Dry Density

Moisture Content

The road builder is next given the concept of maximum density gradings as

an introduction to the techniques of mechanical or particle size stabilization.
In this process the subgrade soil is analysed for particle size and it is
blended with the appropriate percentage of a suitably graded burrow soil to
adjust the particle size grading and provide sufficient binding material

to yield higher density and stability on compaction,
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The next stage of subgrade treatnent is soil stabilization by the use of
chemical additives or bituminous binders,

In this field an extensive amount of research with indigenous soils has
been carried out to establish the effectiveness of lime as a stabilizer. The
performance of dolomitic limes and calcitic limes have been subjected to
comparative study.

The potentialities of stabilizing soils by 1dmix1ng with liquid bitumen orx
cut backs have also been investigated,
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Cement though extremely useful as a stabilizing agent has not been
recommended for use except in exceptional cases as in our present state of
development, cement has to be put to the more urgent use of building houses
and bridges,

Sub 5&3@ Treatment

We next come to the treatment of the sub base., When a sub base is being
used to build up the road platform, essentially the same treatment as used
on strengthening the subgrade by compaction and stabilization can be adopted.

Base Course Treatment -

It is in the treatment of the base course that it has been difficult to
popularise the use of the results of research.

Single sized large aggregates are not suitable in a base as such material
cannot be fully compacted with ease to form a stable platform, The problems
inherent in the Telford System would continue to persist.

This deficiency can be corrected ﬁy using a binder and relatively smaller
sized aggregate or by the use of a contimuously graded aggregate conforming
to meximum density requirements to form stable base courses.

The problem encountered here is the difficulty of obtaining suitably graded
material in sufficient quantity for use on rocad bases.

In the hand breaking of metal a few uniform sizes of aggregate are produced
with hardly any fines. It is mainly this situation that led to the drafting
of specifications for single sized aggregate for use on road work and gave
rise to some of the attendant problems, Attempts are being made to rectify
this situation without diminishing the labour intensive nature of aggregate
production by recommending suitable blending of aggregates with crusher dust
and fine sands. 4

In the case of the Weerawila Aistrip which is presently under construction
this method of blending to produce continuously graded aggregate in base
construction ie being followed.

When bitumen becomes more readily available, the problems of base construct-
jon can be reduced to a large extent by using bitumen bound construction
where the effect of aggregate grading is not that critical,

In any case the use of crushed metal is an expensive construction process,
Therefore where ever possible we have strived to substitute a cheaper but
effective enough stabilized soil base course in new construction, A number
of experimental stretches of stabilized road construction have been carried
out as demonstrated and proving jobs in several parts of the island, 4s 2
result of our research studies with indigenous material and the test road
experiences, we can now confidently recommend effective stabilizatfon
procedfires for the construction of cheaper roads.

Stage Construction

An extension to this outlook on road construction is the possibility of
providing for planned stage construction.

A good road foundation with a minimal surfacing can be quickly put into
service with a lesser initial outlay of funds to cater to present traffic
demands and a more substantial base placed upon this at a future date when
it becomes necessary. By this means . a road way can be progressively built
up to yield a high quality facility without having to make a large capital
investment at the very eommencement.




Wearing Course and Surfacing

The traditional wearing course and surfacing have consisted of a layer of
penetration macadam surfaced with a coat of bitumen blinded with sand. This
is produced by consolidating a layer of 2 to 1% inch metal with the
interstices filled by a small guantity of 2 inch metal and fines, and by
grouting from,the surface downwards with hot bitumen. Hence the term
tpenetration macadam!. The final surface is obtained by spraying bitumen
and sand blinding., ‘ -

This kind of wearing course is very vulnerable particularly if the underlying
base is not strong encugh. Also it is uneeonomical practice to keep on
renewing the surface by applications of bitumen and sand alone.

Improvements to the wearing course have been produced by the adoption of
aggregate seal coats and eventually asphalt concrete.

An aggregate seal coat is produced by first spraying bitumen on the base
and then spreading a single sized aggregate % or £ ins. thereupon, followed
by light rolling. This produces a surfaez termed a 'single seal coat' and
by laying a sccond application of bitumen and aggregate a 'double seal coat!
is produced.

A seal coat is an extremely versatile surfacing that can even be used
directly on a compacted soil base or be used to renew the surfacing over
old pavements requiring maintenance,

When this technique was first introduced thepe was considerable gepticism
concerning the effective adherence of aggregate on to a surface by inverted
penetration, Problems that arose by the use of wrong grades of bitumen and
premature opening to traffic had also to be comntered, Now this method

has been accepted on an island wide scale as a standard practice and has
ceased to require pushing by research persuadion., However work still
remains to be done in carrying out improvements to the techniques adopted
to obtain a high quality finish. %

Asphalt concrete or premix is the highest type of wearing course cum
surfacing available., A properly designed and laid asphalt concrete surfacing
" should give long years of maintenance free service. The success of asphal®
concrete surfaces depends on several factors such: as

1) Aggregate strength and grading
i1) Piller content

i11) Bitumen type and content

iv) Degree of compzaction

v) Void content and size of voids

}_.I. "

There is vast potential for research in the field of asphalt concrete and
considerable work has becen done by the Research and Development Division
on evaluztion of material and mix designs for the production of asphalt
concrete.

Though asphalt concrete provides a very high type of surfacing, it is
also very expensive, Therefore great caution must be excercised when
asphalt concrete over lays are placed in upgrading old roads. The road
foundation and existing structure must be carefully evaluated and
strengthened if necessary before an expensive over lay is placed. This
checking scrvice is also available through the Research and Development
Division, though rarely called into use.

So far we have discussed the contribution made bf scientific research to
each element of a highway pavement., In addition to the above there has

been progress made on research activities which have an overall bearing

on highwoy development. Some of this work is briefly deseribed below.



Agricultural and Rural Roads

- In instances where a hizh guality metal base is not warranted due to the
low intensity of traffic several experimental stretches have been
constructed to demonstrate the ‘suitability of cut back surface dressing
with sand blinding on compacted soil or stabilized soil bases.

In this method the compacted base is penetrated by a suitable grade of
cut back bitumen (ie. bitumen mixed with kerosene oil) to water proof the
base and provide a wearing surface. 5

These experiments have clearly demonstrated that the cost of road
construction can be considerably reduced if the construction authorities
gear themselves to adopt those methods on a wider scale.

Survey of Lime Resources

A comprehensive stirvey of the availability and production methods of lime
to evaluate the lime producing potential of the island is in hand, One
of the objects of this survey was to obtain information required for the
co-ordination of work on the lime stabilization of rural and agricultural
roads,

Use of Rubberized Bitumen

The use of rubber {n bitumen to improve performance and durability has been
tried out in several countriecs. It is now undisputed that all physical
properties of bitumen relevant to_highway performance and durability are
significantly improved by the use of rubber as an additive,

The little gdditional cost incurred in the addition of rubber is moTe
than offset by the increase of 1life span of the road way.

50 to 100% increase in durability or longevity has been reported for trials
carried out in France and Russia respectively. Even on the modest
expectation of 30 to 40% increase in longevity a substantial saving can be
expected on the unit cost of construction and maintenance per annim.

Despite theae-advantages rubber in bitumen is not usecd as popularly as it
should be due to the problem encountered in blending the rubber with bitumen
and also in the handling of the product in the construction stage.

Research carried out in collaboration with the Rubber Research Institute
of Sri Lanka on rubberizing of bitumen has yielded very promising results,
Rubber in the form of stabilized field 1atex has been used and techniques
evolved for the admixing of rubber, into heated bitumen., Several
experimental stretches have been 1laid as way back as 1966 and have been
_observed to be performing very creditably.

A method has also been evolved for the addition of rubber into bitumen by

diluting 2 highly concentrated rubber bitumen pre-blend in the heated
bitumen in the field kettle.

The ultimnte object of this project iézto make arrangements for the rubber
to be blended with bitumen at the refinexy itself.

Road Failure Investigations

As wae mentioned earlier we have inherited a large mileage of roads that
nave been built, without the benefit of scientific understanding and desicm.
Purthermore these roads were never intended %o carry the loading and
intensity of traffic that have been imposed upon them, and our monaaonal
weather conditions add to the problem. A1l these frctors and on occasion
poor workmenship add up to result in frequent road distress requiring

heavy maintenance., The hasty filling up of a pot hole does not settle the
problem. The cause of failure must be investigated and if necessary the
pavement treated from the subgrade upwards if a permanent cure is to be
effected.



The investigation of major road failures and the recommendation of suitable
treatment is yet another function carried out by this Division. ] ]

Quality Control Assistance and Materials Testing

Another service provided by this Division is the providing of quality control
assistance on constructiom jobs when requested.

A laboratory testing service for specification testing of soils, bitumen,
cement, aggregates, concrete, steel, timber, bricks, precase products etc,
is always available for Govt, Departments, Corporations and the Private
Sector to make use of.

Airfield Pavement Desisn and Construction

o
ik

Mention must also be made the contribution made by our Division to the
investigation, cvaluation and strudtural design of airfield pavements.

o}

The site investigations for the Bandaranaike International Airport and the
quality control on the cxtension work, investigation and design of the
Amuradhapura and Weerawila Airstrips and load testing of the K.K.S. Runway
are works that were carried out during the last development decade,

Althouzh outside the field of national development, I would like to record
that the complete coil and materizl investigation and structural design.
for the Bululic Airport in the Republic of the Maldives was also handled
by this Divisica.

Foundation Tnvestizaticus for Bridges, Buildings and Housing - 9

Another aspect of development where we have made a continued contribution

is in the field of foundation investigations. On the average we have

investigated about & to 12 bridge sites per year and over the past twelve -
years several building sites have also been investigated for the construction

of high rise buildings and low cost housing schemes,

The results of thesc investigations should help to reduce the cost of bridge

and building foundations by a substantial amount.

Conclusion

In concluding I have to emphatically state that research alone cannot give
- an up-to-date efficient and comfortable road system. In every item of
work carried out it is workmanship thet either makes or mars a job. In

this regard the American Asphalt Institute says;

"Regardless of the methods or materials of construction chosen,

the most important single factor in producing just a good job or

a guperior job is workmanship, More problems arise from and poorer
results are realized because of this reason than ‘any other. The
importance of attention to small detalls as well as proper procedures
in construction cannot be over emphasized",

As a follow up to this, it must be stated that even the very best of

construction jobs would soon decay if proper maintenance is not provided,

A roadway certainly needs maintenance as it is constantly subject to wear 'I'
and tear and it is not worth putting up an expensive construction unless

. maintenance would be forthcoming as maintenance intrinsically is investment

protection. -

Reséai'ch gan help to improve service and stretich funds further and keep a .
facility going over a longer period of time if intelligent use is made of
research findings.
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Very often people come to research only when they have encountered a
aifficulty or proklem. Although thig may serve some purpose this 1is
not the manner in which the best advantage can be made of a research
organization.

Planning, design and construction must be intimetely associated with
research if scientific and economical development is to result.

Tt is heartening to note that the interest shown in the application of
highway research has been on the increase in recent times and this certainly .
is a move in the right direction towards national development. To give an
added impetus to this response and also to cater fo those who have been
unable to call on us we have begun an Implementation Service, to which

you are all welcome. '
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CURRENT SCIE#TIFIC RESEARCH 4I'D ITS RELEVAICE
‘ T0 THE DEVELOPIEIT OF SRI TLAITKA

Regearch in Engineering Sciences
Structural FEngineering
by

Baeileha Bqlggoom
S iHARY

Looking back on say, the last 25 years of building industry in
Sri Lanka one could mnke the following observations :-

(a) There certainly has been a marked development in the
types of major buildings constructed and techniques
of construction used.

(b) Heavy structural steel skeletons used in buildings
and bridges in the olden days have been gradually
replaced with reinforced concrcte elements.

(c) Subsequently, techniques of prestressing concrcte
‘have been used to advantage in mony structures.

(d) Local skills and talents have been developed so
that now it is not necessary to depend on foreign
consultants ond contractors to carry out any of
our building projects.

This is true of major huilding projects in the country. However,
on the other hand, almost no development at all hes token place in the
construction of small scale buildings and houses which are largely
owner built or arc in private hands, but which still form a major
proportion of the total volume of -building construction in Sri Lonka,

~ House building is still confined to traditional mothods using
traditionel building materials. There is hardly ony new techniques
or new local building mnteriols used for structural purposes. Apart
from new miterials, even the traditional local building moterials like
timber and clay brick continue to be wnstefully used because no real
attempt has been mide to closely understond their behaviour and
determine their strength properties.

This is so due to the fact that very little research, if any ot
all, has been done in this field. It wouldn't be wrong to say this,
and it is probobly so, because no institution had been cstablished with
the rosponsibility to fulfil this need. The University too was not
geared to carry out any development work, at the time,

(Con‘bd.u)




With the estoblishment of the Research and Development
Division of the S.E.C., several development projects were undertaken,

‘and ot the scme time, the Peradeniyn Campus of the Univer:}ity also
conmenced some projects to develop new building mrterials with local
raw moterials. Presently, o Building Research Institute is being
established under the S.E.C., and several rose:rch projects have been
planned, with the main objective of developing new building mterinls.

Some of the building componcnts produced by the S.E.Ce ond the University,

with local raw moterials, which are in various stages of development,

include -

s

vi,

purlins for roof work made of prestressed ‘burnt clay
blocks whidihave been found to be cheaper than the
equivolent timber or steel purlins.

ceiling boards, insultation material and accoustie
tiles mode of coconut fibre waste.

elay tiles.
bamboo reinforced concrote,

concrete mde with no fine aggregate for load benring
walls, wall panels ctc.

severnl fighing boots have been developed using 2
modified form of ferro-cement with the patent name
"Wirecon's These have been found to be chenper
than the equivalent timber or fibre-glass boats.

Development projects being planned to be undertaken by the new
Building Research Institute include -

. Ag
ii.

iii,

iv.

Ve

»

Further development of 'wire-con' boats

Use of 'Wirecon' to produce building compcnents and
woter tanks.

Production of building blocks us:mD lime stobilised

sand

Usc of coconut waste, possibly with cement mortar for
production of building components

Development of standard timber beams and trusses for low

cost housing.

4 start having been mnde, 2lthough in o small way, it is hoped

that this work would enable to develop, and use, new and cheaper buil-
ding moterials and techniques of construction suited to the nceds of

Sri Lanka.

Lt this period of the history of Sri Lanka, foced with o

severe foreign exchange crisis, salovation lies in our ability to

develop our ownmsources to meot the needs of our building industry,

without undue dependcnce on imports.
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SOME ASPECTS OF EPIDEMIOLOGICAL RESEARCH IN MEDICAL AND
SOCIAL SCIENCES, AND THEIR RELEVANCE TO THE DEV:ELOPMENT
OF SRI LANKA

Dr C.Sivagnanasundram

The five year plan for 1972-1976 of the Government of
Sri Lanka is based on social and economic objectives. The purpose
of the plan is to organise the utilization of human and material
resources of the country to the best advantage of the nation as
a whole (Government of Ceylon, 1971).

Socio-economic development includes development in the
field of health, ivery sector of the economy has 2 health
component of such importance that it cannot be disregarded in
any major socio-economic development (%.H.0. 1973).

Tn Sri Lanka the changes in the pattern of diseases, and
the effects caused by them, have shown an inter-relationship with the
general socio-economic complex.

In the past endemic malaria played a prominent role in the
history of Ceylon (Viswalingam, 1961). Up to its control in the
forties, malaria had been a major hindrance to the efforts to
resettle population in the dry zone, and make greater use of the
Island's agricultural potential.

1. 1900-1950
1.1. MAJOR NOTIFIABLE DISHEASES

At the beginning of this century, in addition to endemic
malaria and its 3 - 5 year periodic epidemics, the country
faced epidemics of cholera, small pox and plague. These
epidemic diseases because of their devastating effects on
social life and the loss of lives constituted the first
priority in the investigation and control of diseases at
that time. Kelaart (1952) states that cholera was
responsible for the depopulation of villages in Anuradhapura
and Mannar districts, outbreak of small pox were accepted as a
matter of course with the arrival of each batch of immigrant
labourers, and that plague had to be endured as a necessary
evil, as long as the importation of rice was essential.

The annual average of cases of these three major
communicable diseases in 10-year periods is shown in Table I.
There had been no cases of plague since 1938, and in the 1950s
cholera and small pox were absent except for an occasional
imported case, usually due to illegal immigration from India.
The successful eradication of these diseases is a positive
achievement of public health work in Ceylon.

However, apart from the routine epidemiological investi-

gations, reference to any research on these diseases is not
available.

1.2. MALARIA

Early developments in the direction of scientific study
was in the field of malaria, which remained a major problea.
Tables II and III give figures for malaria morbidity and
mortality respectively. The year 1946 marks the beginning
of the control programme with D.D.T. and 1958 the start of
the eradication programme. The lowering of morbidity and
mortality during these periods is obvious. Incrimination
of A.enlecifacies as the malaria vector in Ceylon by James
and Gunasekera (1913), and the 'Report on Malaria and
anopheline mosquitoes in Ceylon' by Carter (1927) are studies
that were of great value in the control of malaria. In his
report Carter brought for the first time entomological and
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epidemiological data relating them to the trends of
malaria incidence and endemecity over different parts of
Ceylon.

The urgent need for a serious epidemiological study for
control work was demonstrated in unmistakable termsby the
epidemic in 1934-35, when there were about 50,000 deaths.,

A brilliant epidemiological study of this major epidemic by
Briercliff (1935) is acclaimed a classic in descriptive
epidemiology by malariologists. As an administrative conse-
quence of this study, malaria control programme was brought
under the General Health Scheme in 1937. In the control

era with DDT i.e. after 1946, a notable epidemiological
contribution was by Rajendram and Jayawickrema (1951).

1e3. ANKYLOSTOMIASIS AND MALNUTRITION

Ankylostomiasis and malnutrition were the next contributing
factors to the general lowering of health and welfare in the
community. During the period 1920 - 1950 the annual deaths
due to ankylostomosis ranged from 900 - 2650, However,
epidemiological surveys indicated very high morbidity
rates due to H.i. infection (Table 4). The full impact
of this infection on the community must h ve been considera-
ble, with an adverse effect on the development of the
country. Hookworm and malaria had been the chief causes
of malnutrition and this triad response for high morbidity
and mortality rates, especially among the vulnerable groups =~
mothers and children. A notable study during this period
was that of .ickramasuriya (1937) who analysed the impact
of malaria and ankylostomiasis in pregnant women.

The first dietary and nutrition surveys in this country
were made by Nicholls in 1936 which was by using a
gquestionnaire; More comprehensive food consumption studies
of rural families were done by Nicholls and Nimalasuriya in
194%1; by Bibile, Cullumbine and Wickramanayake in 1949, and
by Gunasekera in 1958 (see references in Gunasekera, 1958).
These surveys served to point out the deficiencies in the
diet of the people which was mostly in calcium, vitamin A
and riboflavin, and stress the role of the economic factor
in the nutritive value of the diets consumed by the: people.
The lower the family income the more inadequate was the
diet of the family. The studies on nutritional status of the
community and the prevalence surveys of hookworm infestation,
together with analysis of the vital rates, especially the

. maternal and infant mortal ity rates provided the 'intelligence'

to the health administrator to recognise priorities for health
care.

1.4, PERSONAL HREALTH SERVICES

Naturally the primary need for health care was in the
field of maternal and child welfare, and this work started
in the twenties was steadily improved and was consolidated
throughout the country. The various factors that contributed
to the improvement in the general health of the mother and
infant, the fall in mortality rates of the different
groups leading to a demographic revolution experienced in the
mid-forties, and the new concepts of family health care
have drawn the attention of medical men, demographers,
sociologists and economists. The scope of research in this
important field is the topic of another paper today
(Jayaweera, 1973).

2. 1951-1973

At a time when epidemics of infectious diseases
affected the health and wealth of the nations epidemiological
studies were chiefly the analysis of these epidemics.
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Epidemioclogy was a term confined to the description of these
devastations upon the people. The scope of this term has,
however, widened and in developed countries, epidefiology

is now the study of heart diseases, of cancer, of accidents
etc. and these form the 'new epidemics'. In Sri Lanka we

are witnessing a period of transition - major infectious
diseases are gone (malaria has come back again), other
infectious diseases are endemic and flare up in small
epidemics, malnutrition is still a problem, and chronic
diseases have begun to show an increased incidence.

Mental illness has come within the visible area of the
spectrum of diseases, old age people, people living with
physical and mental handicaps, and workers in our factories
predict problems in the near future. Epidemiologically
speaking we are in between a developed and developing country.

The pattern of morbidity and mortality in Sri Lanka during
the present time is seen from Tables V - VII. Though the data
presented arc subject to errors inherent in the source from
which they are obtained, they give a broad view of the health
problems that we are faced by us today. Tables V & VI show the
first ten causes of illness as seen in the hospital wards and in
the consultation rooms of general practitioners respectively.
The category of illness are almost jdentical in both situations;
they constitute respiratory infections, alimentary infections
and infestations, anasemias, asthma and skin infections. fAbout
41% of our hospital discharges fall into these 5 - 6 broad
categories; and on an average a G.P. sees 32 cases belonging
to these diagnostic groups daily. The pattern is obviously
that of a developing country, and could be changed by preventive
measures. Table VII show the first ten cases of deaths in the
country. Diseases of the heart, hemiplegia, cancers and
accidents have moved into the picture. Arteriostlerotic and
degenerative heart diseases when taken together with 'other
diseases of the heart' come second only to diseases of
infancy as our killer. The pattern seen in mortality is a
mixed bag of the causes in developing and developed countries.
In the future, with improvements in environmental sanitation,
and more organised methods to combat malnutrition these
diseases are likely to more to the forefront as our problen
killers. In addition, diseases associated with the growth of
industrial projects will add to the morbidity burden. Finding
solutions to these problems naturally falls on the medical &
social research worker, and one finds that already a large
amount of work is in progress within the resources available.

I have attempted to group some relevant work 50 that they
could form the broad topics for discussion today. Selection
has been entirely on the data I was able to collect within o
short period, and I am aware that there could be important
omisasions. Further one cannot pretend to assemble 2ll
information in a short discourse on the broad topic of
epidemiology. «ith this reservation I have grouped
contemporary epidemiological research under the following
headings: 1. Infectious diseases, 2. Nutrition, 3%. Chronic
Discases, 4. Occupational diseases and 5. Operational research.

2.1, INFSCTIOUS DISEASES

2.1.7. INFLUENZA

Influenza is the leading diagnosis among morbidity in
country. Mendis and colleagues (1969) in documenting the
influenza epidemic of 1969 have reviewed past outbreaks of
influenza. Though under climatic conditions in our country,
it is not a killing disease, economic loss to the country
because of absenteeism from work could be considerable.
Careful epidemiological studies on the incidence of influenza
and attack rates under different social, economic conditions
are likely to reveal useful information regards prevention.



2.1.2. BOWEL DISEASES

Diarrhoeal diseases are an epidemiological entity from
the view of prevention. Gastro-enteritis and colitis and
helminthiasis form important causes of morbidity and mortality.
Studies and reviews on the epidemiological aspects of
diarrhoeal diseases show the urgent necessity for a programme
for prevention of diarrhoeal diseases and improvement of
environmental sanitation (ii.H.0., 1962; Mendis, 1970). Results
of the studies on the prevalence of ascariasis were briefly
shown earlier - Table IV. Two important epidemiological studies
on the effects and eradication of ascariasis are being carried
out at the Dept. of Prevative and Social Medicine, Peradeniya
(Fernando, 1973 a, b). One of these is a study into the
methods to eradicate ascariasis from the community - a
prospective study which is in the 5th year. The other is a
study of the influence of ascariasis on growth of children
2 - 10 years, using anthropometric and haematological methods.
Results of these studies are likely to give a complete
picture of the ill-effects of ascariasis in growth of children
and also give indices for quantification of ascariasis
infection and indicate levels of infection at which propagation
of infection can be stopped.

Typhoid

Epidemiology of Typhoid fever in this country has. been
documented by Arumanayagam and Mendis (1970). It is one of the
important public health problem but still the incidence of
the disease could only be estimated due to poor reporting
of cases - 100 =~ 200 per 100,000 population. Apart from
studies into the failure of reporting of cases and detection
of carriers of the disease, basic research on the vaccines
used are indicated. Two such studies are by Velaudapillai and
collezgues (1965) and by Maheswaran and colleagues (1971).

2.1.3. TUBERCULOS IS

Morbidity and mortality due to tuberculosis began to
show a decrease in early fifties., However since 1956 the
death rates per million population remain between 180 and 120.
Further reduction in the figures would need the help of
epidemiological research on drug resistance and antibiotic
sensitivity of the bacilli, incidence of non tuberculous
mycobacterium infections and its relevance to B.C.G., immuno-
logical reactions in mycobacterial infections etc. The
work of Pinto and colleagues (see reference for selected
papers) have contributed greatly to this basic knowledge and
would be a source for further work leading to better i
understanding and control of this disease in Sri Lanka.

2.1.4. VIRAL HEPATITIS

Important research that is being carried out in the
subject of viral hepatitis is finding the relationship of :
arbovirus infection to viral hepatitis (Vitarana et al, 1972 a4b),
Vitarne et al (1972¢c) also showed an important use of
epidemiology, namely the identification of syndromes. Fronm
the study of virus antibody patterns in children suffering
from infectious hepatitis, these workers believe that there
is a possibility of infectious hepatitis being a syndrome
caused by different viruses.

2.2 NUTRITION

Anaemias and nutritional deficiencies are the cause of
much ill-health among children and pregnant mothers,and
possibly among the occupational groups in the lower incone
strata of our society. The Director of Health Services (1970)
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points out in his administration report for the years 1966-67 that
malnutrition is the chief cause of morbidity and mortality among
pre~school children, and that anaemia in pregnancy is second only to
haemorrhage of pregnancy and childbirth among the causes of
maternal decths. Further many of the neconatal deaths are due to
poor nutrition of the pregnant mothers. Epidemiological studies
have been undertaken recently to search the causes of anaemias and
melnutrition in these vulnerable groups. B.V.de Mel (1965)
investigated the problem of iron deficiency anaemias among mothers.
The role of diet, iron absorption and parasites in the aetiology of
anocemia was discussed, and a recommendation was made as to the
iron allowances for adolescent girls and women. Later studies

were done on mothers, unmarried young girls and children.

(De Mel, 1972). The dietary surveys showed a correlation between
iron intake and the anaemias. Fortification of food with iron was
discussed by her. Seneviratne and co-workers (1973a) discussing
the problems in the management of anaemias in the tea estates
point out the failure of intake of iron tablets by the people

and suggest fortification of wheat and manioc flour. Several
studiecs of this nature are being undertaken by nutrition division
of the M.R.I. to understand the epidemiology of nutritional
cnzemias. Studies into the acceptability and effect of a
supplementary food (..S.B.) on the growth of infants and pre-school
children is another important research project of the M.R.I.
(B.V.de Mel, Personal communications - see references) designed to
find a solution to the problem of protein-calorie malnutrition.
Abeyratne and others (1970) have studied the growth, nutritional
status and feeding habits of infants and pre-school children at
different socio~economic levels and under differing environmental
condjtions. They state that the growth curve of young children

of the lower socio-economic groups fall well below that of upper
and middle income groups from the age of 6 months and last up to
5th year. The effect of income on food habits in Ceylon has been
comnented upon by Perera and others (1973) in their analysis o the
socio-economic survey of Ceylon in 1963/70 by the Dept. of Census
and Statistics (1971). Gunaratna (Personal communications) and
co=orkers at the Faculty of Medicine, Peradeniya are engaged in
establishing the norms for Hb. %, Packed cell volume, serum iron,
iron binding capacity, serum B1p snd serum folate in pregnant
mothers and healthy children in the Kandy area. This is an
inter-departmental project in which the Dept. of Obstetrics and
Gynaecolbgy would study the variation of these values in pre-
eclampsia, twin pregnancy and absorptio placentae. The data

would be of great value in t e study of nutritional anaemias

which would be undertaken in this project. Two nutritional projects
that give a base line data before starting major developmental
projects were undertaken by the M.R.I. (Mahendra - Personal Commu-
niccotions). They are - (i) Diet and Nutrition surveys in

Kandalama Colony, Kataragama (a remote village - *Purana') and
Ganthiriyagama (close to an assured water supply) in the N.C.F.
before the divérsion of the Mahaveli Ganga to these areas. 40
families in each area were studied.

{ii) Diet and nutrition surveys undertaken in collaboration
with the F.A.O. and Dept. of Agriculture at Elahera, Hakwatuna Oya,
Rajangana and Minipe before agricultural extension programmes.
Thesc base-line studies would be useful in assessing the impact
of these developmental projects of the country. Studies on the
capacity to work on the type of diets consumed by various
categories of workers is of relevance in obtaining maximum
benefit from labour. A study in this direction was carried out by
Hettiarachchi (1973) on conjunction with M.R.I. in the Undugoda Farm
in .the Kegalle District among 9 families of agricultural workers.
Relationship between energy intake and energy expenditure was
studied, in order to ascertain the work load and capacity for
increased output of work on present diet. Anaemia in two
econeomiocally important communities in Ceylon, namely the workers
in the Tea estate at Hantane and workers in the paddy fields at
Madirigiriya (Polonnaruwa), was studied by Seneviratne and _
colleagues (1973 - personal communication), 36% of the tea workers



and 24% of the paddy workers suffered from anaemia. (Males:

Hb 13,0 G %; females Hb 12.0 G % being classed as anaemia),
18% of the tea workers having Hb less than 8 G %. This team of
workers are now engaged in epidemiological studies to find the
actiology of anacmia and the pathogenesis of rickets.

2,3, CHRONIC DISEASES AND 'MODERN EPIDEMICS'

In the near future chronic disecases, and diseases that
top the morbidity and mortality lists in developed countries
are likely to determine the pathological pattern in our country.
In retrospect, therefore, it appears very relevant that it §
happcned to be a pathologist - G.H.Cooray (1967), who highlighted
the problems and prevention of chronic diseases in his presiden-
tizl address before this learned audience (Ceylon Association
for the Advancement of Seience). Cardiovascular diseases, cancers,
and disability and deaths due to accidents would form over
tepidemics' too, and diseases like diabetes, renal disease,
mental diseases, arthritis and allied diseases, cataract and
glaucoma etc. would come into prominence with the problems -
health, social and economic = associated with them.

The role of heart diseases in causing deaths among
Ceylonese, at the present time, has already been noted (Table VII).
In terms of morbidity as seen from hospital discharges in
1956/67, the following figures show the distribution illness -
Heart and circulatory system (D.H.S., 1970).

Other diseases of the heart ey 16,371
Other digeases of the

circulatory systen e 11,925

Hypertension ih 9,792
Hypertension with heart disease .. 645573
Arteriosclerotic and

degenerative diseases svb 6,270
Chronic rheumatic heart disease .. 5,263

It is obvious that the aetiological factors for a substantial
number of diseanses of the heart are not known or proper diagnosis
is not made. 16,000 cases have been classified as'other

dissases of the heart' and reminds one of the infamous diagnosis
of 'Pyrexia of unknown origin'.

It is likely that a good proportion of these cases would
£211 under cardiomyopathies. Nagaratnam (1972) chose the subject
of cardiomyopathies for his Sir Marcus Fernando oration. 1Im
this, he had discussed the various possible aetiological factors
of cardiomyopathies and the various entities that come under
this term. He states that sufficient attention has not been paid
to the possible roles of alcohol and infection in the causation
of cordiomyopathies, and that prospective epidemiological
studies are indicated in searching for cardiotrophic infective
agents.

Of the known causes hypertension, and arteriosclerotic
and degenerative discases are next in importance. Ranasinghe and
co-uorkers (1971) in an autopsy study of the aorta and coronary
~rteries reveal that the atherosclerotic process in the aorta
hos already commenced at 10 years of age. Nagaratnam and
collezjues (1973) in a study of coronary heart disease in °
Ceylon adults under %45 years of age, discuss the possible roles
of alcohol and of infection such as toxoplasmosis or filariasis
as precipitating foctors. Prospective studies have been undertaken
involving sevcral departments (Cardiology Unit, Colombo, University
of Ceylon and M.R.I.) so study the risk factors in Ischaemic
hesrt disease in an urban male population (Wallooppillai -
personal communication, see references). This long term study
(5 = 10 years) would survey a multitude of factors, viz. diets,
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blood cholesterol and lipids etc. clinical examination, BEeCoGey
Blood pressure etc.,

Similar in depth studies are indicated in other diseases
that are to be future problems - diabetes (see lieerasinghe, 1967),
renal disease, mental diseases (see Wickramasinghe et al, 1966) ,
accidents (Fernando - pers. comm) and cancers.

2.4, QCCUPATIONAL HTALTI

It is the »nolicy of the Government 'to take measures to
regenerate rural society and to make it more attractive to the
young by modernising agriculture, and by setting, agro-based
industries in rural areas. Full and efficient utilization of
existing industrial plants, expansion of selected industries and

investments in new industrial projects on the basis of national

priorities have been stated as one of the basic strategies in the
5 yesr plan (Government of Ceylon, 1971). Fulfilments of these
objectives will move over process of industrialisation from
infancy to the toddler stage, and carry with it a variety of
socio-medical problems associated with this process, as was
uitnessed in industrialised countries - problems in housing,
nutrition, gencral standards of living,occupetional hazards etc.

that are likely to be encountered by workers

in this coyn! will be influenced by our way of living and
environmental cond ticms. The importance of serious research on
the diseases of workers in this country has been highlighted

by Uragoda (1972a) in his Cyril Fernando Memorial Lecture
delivered at the Ceylon College of Physicians on the subject of
occupational lung cdisease in Ceylon. Ve are fortunate that Uragoda
himself has set o pace for epidemiological research of high
quality in this field. As examples I wish to mention the
epidemiological tudies carried out by Uragoda, and his colleagues
among chilli g-inders (Uragoda, 1967), granite workers

(Uragoda, 1965), workers in graphite mines (Ranasinghe amd
Uragoda, 1972; see also Uragoda, 1972 b & c) and workers in the
ilmenite factcry (Uragoda and Pinto, 1972).

5 =~

Inguiry into the causes of morbidity and mortality among
workers in tlu tates has been carried out by the Planters'
Association igtztcs Health Scheme. The studies include study of
maternal end child health on estates (Fernando, 1969), cancer
deaths and o . -idental deaths, and respiratory disease on Ceylon
plantations  “ernando, L.V.R - personal communication).

Anoth:r useful research into the hazards of tea industry
was the wors of Pinnagoda (1971), who carried out an epidemiological
study into the hesalth hazards from exposure to tea fluff in blending
and packing industries.

2.5.0PZRATIONAL RESEARCH

»

Operational research -may be defined as the systematic
study of “lie workirg of the health services with a view to their
improvemeat (Morri::, 1967). Morris states that one of the values
of basing op. reseirch on populations is that the idea of the
people ard their cl.anging needs will not be forgotten. The
concept ¢f operatisnal research in the modern sense, especially
its application t: the health services is of recent origin. But
time and again eve. uation of medical care as a basis for its
imprpvement has b::n done in Ceylon, based on data from hospitals
and the field, an} from special reports. De Silva (1956) in his
survey of the hea . h progress in Ceylon summarises a mass of
relevant data on 1 :alth care up to 1956. B.A.Nugawela, who was the
Hon, Minister of i:alth, in his forward to this publication,
states that the re¢ sort draws attention to the imperative need
for organised recs arch into the vast amount of clinical material
and statistical cata available in regard to morbidity and mortality
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from some of the endemic diseases in this country. He points
out that in addition to the development of the 'preventive'
outlook ‘in our health services, that the greatest effiéiency
and output should be secured from our existing personnel and
institutions (See also Cumpston, 1950 and Hance, 1956) .

At the present time, operational research using
epidemiological methods has gained a momentum with the National
Heolth Manpower study in this country. This research is conducted
by the Ministry of Health with the assistance of the #.H.O. and
is composed of the following eleven sub-studies:

*A' Demographic characteristics

+8{ Health Needs and Demands

'C' Census of Doctors

'D' Census of nurses, midwives and dental nurses
‘R Medical Education

'P' Nursing and Midwifery Bducation

'G' Activities of the Health Personnel working in
Rural areas. 3

"HY' Utilization of doctors

11! Staffing Pattern, Facilities and Cost of
Health Services.

'J' Demand for medical care services, and

1K' Pattern of Ayurvedic Prgctice.

It is believed that the mass of information that would be
collected from this research at a national level, would help in
deciding future health and social policies of the government.
However, efficient working of health services at lower adminis-
trative levels demand a continuous process of monitoring of the
service and evaluation of the needs, demands of the people and
utilization of the services by them at micro-levels.

The Department of Preventive and Social Medicine at
Peradeniya is carrying out studies on the utilization of
peripheral units and on the pattern of diseases in Western and
Lyurvedic General Practices. The attitudes and practices of
iyurvedic physicians on maternal and child health ig being
investigated into, with the view of finding out to what extent
their services could be utilized for this work in the general
health organisation. (Sivagnanasundaram and Abeykoon, 1972;
Sivaznanasundaram and Samarawickrema, 1972 a & b).

FUTURE RESEARCH

“pidemiologic hypothesis and interpretation rests on comparison
with accepted ‘norms' for the population under study. These include
heizhts and weights, blood picture, blood pressures, E.C.G., oral
temperature etc. Héman physiological studies done in Ceylon up to
1969 have been documented by Basnayake (1971) where he refers to

63 papers. However further rescarch and surveys are necessary to
supply more informations on the 'norms' of our population.

3.2 Usefulness of an epidemiological finding depends on the validity

of the data from which conclusions are drawn, Research into the
sensitivity and specificity of diagnostic methods, methods of
record keeping and analysis of records is necessary to improve the
quality of our basic material. An extremely novel technique has
been invénted by Gunawardena (pers. comm) to detect duplication

of medical records in his skin clinic at Kandy. He uses a
'pscudo-phonetic code' for the names of his patients, and it is
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so programmed that a computer sorts out duplicates in a

matter of minutes out of 15,000 case records. Unless a serious
attempt is made to improve the quality of our hospital and
clinic records, operational studies based on them will be futile.

'%,3 Dradication programmes of communicable diseases require finer
methods of detecting transmission of disease: For example, in
the consolidation phase of the malaria eradication programumes
the hitherto accepted case detection methods have been found to be
inadequate., It is likely that sero-epidemiological surveys are
necessary for early detection of trensmission. Ponnudurai (pers.
comm) believes that an upward rise in titre in fluorescent
antibody tests, done in areas of high malariogenic potentials could
be used for this purpose. Similar research methods will become
necessary in the case of other diseases.

3.4 Socio-medical surveys are an urgent need in our country before the
introduction of new health care measures. Traditional epidemiological
and knowledge-attitude (K.A.P) studies have a place in knowing
their wants and demands. One must plan services with the people
and not just for them.

2.5 As discussed earlier, the pattern of diseases undergo changes.
Continued epidemiological and operational research in the
community, work place and hospitals is necessary to adapt health
care to changing needs and wants.

It has been suggested by Mac Mahon that epidemiological
research should be concerned with not only morbidity and mortality
but also with the positive components of health implicit in the
definition of the word as used by the W,H.0, Medical and social
rescorch workers should not lose sight of this ideal definition
of health and well-being. But we have, of course, in our countr
a fair load of disease and infirmity to keep us busy for -
some time. :
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TABLE I

SRI LANKA: INCIDENCE OF CHOLZRA, SMALL POX AND PLAGUE, * 1871 - 1950

TEN YEAR ANNUAL AVERAGE OF CASLS

PERIODS CHOLERA SMALL POX PLAGUE
1871 - 80 3675 2031* NIL

81 - 90 386 1162 NIL

91 - 1900 612 309 NIL
1901 - 10 171 351 NIL

11 20 110 175 2Ll x>

21 - 30 42 81 113

31 - 4O 9 3N o A A b

41 - 50 24 156 NIL

SOURCE: Adapted from 3 tables in Kelaart (1952)

* on Figs for 4 years
** on Figs for 7 years

b - do - 8 years.
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TABLE II

SRI LANKA: MALARIA MORBIDITY PER 1000 POPULATION,

1934 - 1969
YEAR MALARIA ALARIA
Attendance Attendance
(Clinical) {Pogitive cases) +
Median median
1934 -« 1938 L34 9
1939 - 1943 522 116
194k ~ 1948 259 46
1949 « 1953 57 3.6
1955 « 1958 0.7 -
1959 - 1963 - 0.02
1964 - 1966 - 0.05

1967 - 1969**

* In 1935 983 clinical attendance/1000 popn.
+ 1934 - 1958 Zstimated positive cases
*¥ Tn 1968-~69 there were 522,704 positive cases
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TABLE III

SRI LANKA: MALARIA MORTALITY, 1925 - 1969

YEAR Number of deaths Rate per million
(median) population (median)
1925 = 1933 1,161 312
1934 & 1938* 4,778 820
1939 « 1943 74,132 1,180
9kL — 1948 5,604 888
1959 ~ 1953 1,599 206
1955 - 1958 144 16
1959 - 1963 b3 k.2

196L - 1969**

* In 1935: 47,326 deaths, rate 8,439 per million
** In 1968-69: 26 deaths, rate 2.7 per million
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Sri Lanka

Colombo Rural
Colombo and suburbs
Horape

Obeysekera Town

(Colombo)

Hindagala

TABLE IV

SRI LANKA: HOOK./ORM ..ND ROQUNDWORM GLURVEYS
PZRIOD NUMBER
EBXAMINED
1924-25 32,507
(all ages)
1953=55 8ok
(2-10- yrs)
1946 ~ 52 1,251
(all ages)
1962 L58
(O - 10 yrs)
1962 423
(O - 10 years)
1966-67 5,201
(all ages)

SOURCEH: TABLE ADAPTED FROM FLRNANDO, M.A. (1973a)

1. Sweet, /.C. reported by Chellappah (1938)

2, Jaysvardena, L.G. (1957)
3, Sivalingam, V. €1961)

L & 5, %.H,0. (1967)
6. Fernando, M.i. (1973a)

«

PERCENTAGS IN

Hookworm

90.5

7245

45.0

30,1

7.6

r.\_.lu.- N

FESTLTION

Roundworm

49.7

49,0

L46.7

48,9

6l b
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TABIE V

SRI LANKA: FIRST TiN CASES OF MORBIDITY, 1966/67
(HOSPITAL DISCHARGES

DISEASE NUMBER PERCENTAGE OF
TOTAL DISCHARGES *

INFLUZNZA 107,547 2.2
ANAEMIAS 99,597 6.59
(Including Anaemias

of preznancy)
BRONCHITIS 89,179 5.90
GASTRO-ENTLRITIS 81,634 5.40
HELMINTHIASIS 62,218 4,12
ASTHMA & ALLLERGIES 59,675 3.95
PNZUMONIAS 33,305 2.20
DYSENTZRIES 32,232 2.13
UPPIR RLSPIRATORY
INFICTIONS 28,407 1.88
AVITAMINOSIS 21,759 1.44

TOTAL 615,553 40.73

* TOTAL: 1,511,385.

¥ Doss not include normal deliveries.

1966/67.

SOURCT: . dministration Report of D.H.S. (1970) for the years
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SRI LANKA: FIRST TEN C/.US:S OF MORBIDITY, 1972

—2“‘“_

TSBLE VI

(VISITS TO 132 GENERAL PRACTITICNERS

DISEASE RANK 1IN LVERAGE NUMBER  AVERAGE

HOSPITAL SEEN BY 132 NUMBER SEEN

: MORBIDITY G.P. PiR DAY BY E/CH G.P.
PER DAY
COMMON COLD . 7kl 5.6
INFLUENZA 1 207 5.4
INT.RITIS BETC. & 538 b1
HELMINTHTASTS 5 537 4,0
BRONCHITIS 3 433 5.3
SKIN INFICTIONS = 330 2.5
ANATMIAS 2 327 2.5

STREPTOCOCCAL

SORE THROAT = 222 1.7
ASTHHL 6 217 1.6
PYRUX I = 216 1.6
4,271 32.3

SOURCE: Sivagnanasundram and Samarawickrema (1973a)
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TABLE VII

T LiNKA: FIRST TEN CAUSES OF MORTALITY, 1965

—— . —

DISEASE®* NUMBER PERCENTAGE
OF TOT.LL DEATHS **
T1l-defined discascs of
Infancy and Immaturity §501 9.3
Gastro-enteritis and colitis 5155 5.6
Other discases of heart (+) 5090 5.6
Hemiplegia and other paéalysis 2948 k.3
Convulsions (inder 5 yrs) 3801 4,1
Acﬁidents 3065 Do
Malignant neoplasms 2840 %1
Broncho-pneumonic 2533 2.8
Lnaemias 2%86 2.k
Arteriosclerotic and
degenerative heart disease 22 2.3
TOTAL 39261 42.8

* Excludes geaths due to senility and ill-defined and

¥

unknown causes.

Total deaths: 91728.

(+) Excludes rheumatic, arteriosclerotic and degenerative
heart disease.

SOURCE: Report of R.G. (1970) for the year 1965.
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Introduction

I wigh to thank the organizing committee of the Ceylon Association
for the Advancement of Science for inviting me to give this address
on Fanily Health in Ceylon.

The scope of the proposed symposium is to cover the principal areas
of past research which has had a significant bearing on the developuent
of the country; current research and their objectives; priorities in
research in relation to the development of Sri Lanka and the role of
bagic research.

Since this is a vast subject I will not be able to cover all these
aspects in the linited time. I hope you would bear with me if I concentrate
on the priorities in research to be done and the role of basic research.

Family Health is a very encompassing field where workers in varying
disciplines both medical and non-medical have to work together. The more
I think of this subject the more I am convinced of the relative
insignificance of the role played by us "specialist clinicians". We form
but a small co: in the wheel of Family Health care. Greater responsibility,
dependance, reliance and respect should be accorded to all the other
categories of health workers who provide basic care, and more emphasis placed -
on the basic essentials for providing the necessities for such care.

Fanily Health

Family health is the concept of physical mental and social well being
applied to the smallest operational unit that constitutes a community.

It ig an ideal which all health workers hope to achieve, both in the
developed and developing countries.

Family health is related to several factors such as -
1. Socio econowmic state of the country.
2. Socio economic level of the family unit.
3. Literacy and educational levels.
4+ Occupation.
5. Cultural, racial, religious and political factors.
6. Planned parenthood.
7. Environment.
8. Health care delivery systems.

The provision of famil& health care is primarily the responsibility
of the state, but active cooperation and participation of the recipient
individual family and community i# the key to success. '

Though in any country, the Ministry of Health is primarily responsible
for implementation, the active cooperation of all other Ministries is
essential for providing total family care. Hence research in this field
would need the collaboration of persons in these Departments also.

1f a comprehensive research programme into family health is to be
undertaken it is obvious that no single programme could cover the multitude
of variables that encompass this subject. However, it is desirahble if
indices = short term and long term - for assessment of Family Health
could be evolved.

Several publications on morbidity and mortality patterns,
epidemiological surveys, maternity and child health, school health,
nutrition and health education have been made eachddealing with a
particular facet of family care. The conclusions of these studies
have been very valuable, highlighting certain aspects of problens, which
may have a bearinz on health care. As to whether the knowledge so gained
has had a direct impact on decision makers or health care systems and the
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consumer is questionable. Any researbh that has not taken into consid eration
the health care of the people, seems to me a waste of money in the context

of this country; though certainly a useful academic exercise for the research
worker.

The possible reasons for failure of utilization of the research done are -
1. The results and conclusions being unknown to the policy makers, and planners.
2. The subject chosen being of no immediate relevance to the problems
confronting the policy makers, planners and implementers.
3. Conclusions being already known, established and implemented hence being
of no real significance.
4. Failure of publication and communication.
5. Absence of an adequate system of central documentation and ready
availability of data pertaining to local research.

With the limited resources available in this country, for research;
as a general principle, it may be inadvisable to embark on
(a) Basic or pure research which could at this state of development be
best left to the more developed countries. '
(b) Repetition of research already done here or in other countries.

Research priorities should be related to the spectrum of problems and
activities, ranginy from identification of family health care objectives
through health care systems to acceptance of health care measures by the
family unit; and their evaluation.

These research measures should supplement the sechnical expertise that
is now available in this country.

Me o) ifyine rese

1. Snecifying broad areas of research in terms of the immediate protlens
by a technical group.
2. By identification of individual protlems wkthin these broad areas.

It seems to be that the latter approach should take priority if financial
and manpower constraints exist as in Sri Lanka.

These identified areas should aim at obtaining answers to specific
and urgent problens confronting Fanily Health Care activily as contrasted to
those where a broad area is specified and the research worker is left to
choose a facet which may not be of immediate value. This is what I would refer
to as ‘specific goal orientated research'. For the successful implementation
of such research, identification of the research potential of indjviduals and
organizations is essential.

I anm glad to note that constructive efforts in this comt ext have been
taken by the scientists of this country.

Bro.d areas i ich er research is needed are -

1. Research into yet uninvestigated or incompletely investigated health
problems that exist in this country, or of those which may occur fron time to
time; €.g. mental health, dental health, changing patterns of disease etc.
being some of the examples.

2. Success or failure of hitherto accepted health care measures ©.g. control
of commmicable diseases, of immunized campaigns, measures to improve
nutrition, personal hygiene and environmental sanitation should be evaluated.
3. Operational research into health care delivery systems and administrative
machinery and research into the quantity of care provided within the existing
congtraints.

/.. Besearch into new health care problens, these may arise with new ventures
c.g. industrialization, colonization campaigns etc.

5. Cost benefit analysis of the health care delivery gystem.

6. Research into manpower development and utilization with special emphasis
on the review of existing role definitiins - identification of new ones =
task oriented training - in doctor/Patient/public relationships.
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7. Development of a system of record keeping which would enable periodic
asgessment of family health care levels with identification of the
vital parameters by which the efficiency of the system is to be judged.

8. Behaviofal studies.

It would be appreciated that in many of the above-meniioned areas
there is a close relationship to behavioural aspects of the family unit
in terms of the decision maker, extended family, cultural aspects,
attitudes and beliefs, habits, religious taboos, administration and
political considerations etc., variables that can have a direct bearirg
on the ultinate health of the family.

It would be extremely difficult to place these areas of broad
research in any meaningful order of priority as they are so closely
interrelated, but if I may sugzest some order - perhaps they could be
arranged as 2,3,5,8,4,1,6,7.

It may be observed that research in most of these broad areas
which : have been considered could be undertaken by survey methods with
a minimum of laboratory study. Most of these studies could be undertaken
immediately with the facilities and resources that we now possess.

It is desirable that operational research activity be strengthened.

i. The changing pattern of disease due to the change in the age
pyramid, introduction of modern drugs and social factors like.
industrialization, colonization etc.

ii. Hazards from modern agricultural practices i.e. the large scale
introduction of mechanization, the extensive use of pesticides, weedicides
and fertilizers, and their impact on health.

iii. Hazards in industry with ita attendant risks of accidents, pollution
and the preventive measures to be adopted.

iv. Mental health problems in relation to the rapidly changing social
environrent.

v, The stratesy for prevention of dental caries and periodental disease.

vi. Safety of locally manufactured articles with proper indices of
gafety standards.

vii. Purity standards for locally prepared foods and food products.
viii. Economic and safe methods for handling, storage, preservation,
distribution and marketinz of foods.

ix. Nutrition - though much researbh has been done into this aspect,
work on a balaneed nutritions diet schedule in relation to parameters
such as economic, religious and cultural factors, food hatits and
availability in the local market, need constant review to keep pace with
rapidly changing agricultural and industrial developments.
~ x. Research into utilization of so-called "waste materials" as sources
of food. :

xi. Pollution of environuwent in terus of industrial waste, human and
animal contamination, atmospheric pollution etc. to determine the levels
of pollution vhich may be permissible and preventive and reuedial
measures that could be implemented within the existing constraints.

xii. Studies into the economic aspects oi providin: educational and
recreational facilities to rural and urban groups viz. organized
conmunity cermtres. .

xiii. Care of the mentally handicapped - e.g. working out indices for
assessment of children in this country, epidemiological studies, health
care systens etc.

xiv. Problens due to old age and dependance.

xv. Sex education - identification of the content of sex education
in relation to this country.

xvi. Drug addiction - epidemiological studies, strategy for prevention.
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II. Success or failure of hitherto accepted health measures -

This group of research concerns "acceptance factors" by the fanily
unit., Many variatles may come into play in this area such as those

influencing knowledge and attitudes and the system of delivery of health
care, _

i. Regearch into the factors that retard or prevent acceptance of
health care measures is urgently needed. Properly constructed gample
surveys have to be done.

Since ours is a miltiracial, multireligious and multicultural
society, extrapolation of conclusions from ome group to another may not
be entirely satisfactory. If valid conclusions are 190 be drawn for the
planning of strategy, sample surveys embracing these variables need to
be done.

ii. Surveys to identify the appropriate method of comiunication and
convigtion of the fanily and studies on the psychological reaction of
the recipients would be useful in planning: This type of research data
would be most ugeful in planning #he delivery of any programme be it
Health education, mmmmnization or planned parenthood.

The sociologist and psychologist should play a leadinz part in
formulating these investigations. Much sociological research has already
been done, which has an indirect and direct bearing on this but there
is a lack of systematised research to identify all parameters, which would
have an effective bearing on such a programme.

iii. Investigations into adninistrative structure in relation to this
area = to identify lapues, and the antecedent factors which cause them.

iv. Regarding hecalth education - programmes in schools, when such
subjects as hygiene and health sgiénce are taught extensively it is my
impression that the desired behavioural change in the student is not in
proportion to the knowledge acguired or the teaching effort expended.

Research needs to be done in this field to evaluate the programme
and also to develop nore effective measures of producing the desired
behavioural changes.

v. Stratezy for health education of school "dropouts”.

»

1 ration search into health care deliv
machinery and research into the quality of care within the exigting
congtragintg

This is an area where planned studies are very urgently needed =
i. Factors which determine the best utilization of institutions and

Manpower. :

ii. Factors that determine the steady flow of expendable and non-
expendables at service outlets to maintain contipuing care of the family -
I refer in particular to the logistics of distribution of drugs and material.
iii. Research to evolve effective yet economic comprehensive care of
the family unit - with special reference to mother and child e.g. a system
of ca-e of the nother fron conception to delivery and after care including family
planninz and for the child - from prenatal to beyond schosl age.

iv. Assessments of standards of care and operational researdh leading to
measures for improving the quality of care in terms of prevention, treatment,
follow up and rehabilitation.

.
.

IV. Regearch into health care_pro t AT i e
developmental projects.

Mach could be learnt fron the experience of developed and neighbouring
countries; as regards health problems in relation to industrialization.
However, investigations into those aspects that would have a bearing on
Family Health in our local context needs to be emphasized.

The prevalence and the magnitude of these problems needs study to
enable preventive measures to be adopted e.g. sfifety factors in prevention
of accidents, handling of toxic agents, inhalation of noxious fumes, dust
digeases and effects of industrial by-products and effluents.

V. Cogt efi ig of he ¢ deli
1 an made to understand that several surveys are presently being done
in thig field by the planning unit of the Health Ministry.
t may be desirable to gtudy the cost of health care to the individual
family unit. The latter data would be of the greatest value to the health
planners to identify whether health measures have failed due to the fanmily
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unit being incapable of meeting the cost of the prevailing health care
gystem and whether it could be bettered by appropriate modification
of the system.
This is topical in the light of the current tendency to change
to a fee levyinz system - even though the fee is a token payment.

VI. Regearch into manpower development _

With reference to this the W.H.O. has successfully completed its
many faceted projects, the release of an official report is awaited.
I am sure that this would shed valuable light on future planning.

There is a need for -

i. Review of the existin: role definitions of the many categories
of health workers.

ii. To identify the basic knowledge, skill and attitudes required
to satidfy family health requirements in relation to the different
groups that constitute the commmity.

jii. There is also a necessity to identify new roles which health
workers would have to perform in terms of the changing patterns of
health and social organization.

This data could be utilized in reviewing and modifying existing
courses of study for all medizal and auxiliary health personnel and may
also shed light on the need for the creation of new categories of
health workers, and reintroduction of categories such as the Assistant
medical Practitioners.

VII, Development of a data collection sygtenm

Regearch into a simplified yet meaningful data collection and
recordiny system for assessing family health is needed. The most useful
parameters need to be identified so that assessment could be done on
a sample supvey basis or if feasible incorporated in the census data
collection.

I am aware that such a venture has been undertaken by the Family
Health Burean.

VIII. Behavioural studies.

The behavioural aspects of the family unit, as wentioned earlier,
ie the key to success. Research surveys properly planned, taking into
congideration, the variables mentioned earlier, are urgently needed.

Much research has been done by sociologists but what is most
needed is research into strategies that have to be adopted to overcome
identified barriers for the achievement of desired behaviourak changes,

Most of these researbh aspects can be immediately undertaken by
field studies, utilizing existing manpower, with relatively little
expendityre of noney.

Since most of the problems requiring investigations are concerned
with the lesser educated, lower sosio economic groups, a postal
questionnaire method will hive yery limited value. The interview method
nay have to be used, with proper planning and training of interviewers
and pretestiny of the instrument chosen for use. An efiective systen
of co-ordinating national research should be inplemented, and the
existing systens nodified if necessary.

A documentation céntre of research activities copducted in this
country, should be established as a reference library, with abstracts
and reprints being made readily available to interested scientists
in view of the poor library facilities availatle throughout the country.

Identification of prohlems should be made by expert groups in
terms of policies that are to be implemented.

Effort must be made to obtain funds fron state and private sources
or a "Consumer oriented programme" basis. I am sure international
organizations would assist well planned research ventures of this kind.

This brief talk is not meant to be comprehensive bwt should rather
serve to provoke a lively discussion of the various aspects I have
raised by members of this distinguished audience.
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RICE RESEARCH AND ITS RELEVANCE TO THE DEVELORMENT

OF SRI LANKA

Dre J Welis Peiris+

Department of Agriculture

In 1966, the Section B of the Ceylon Association for Advancement
of Science organised a two-day symposium on "Research and Production
of Rice in Ceylon", On this oceasion the various phases of rice
research in Rice Breeding, Soils and Fertilizers, Cultural Practices,
Pegts Diseases and Weeds, water management and Meohanisation were dealt
with comprehensively and are now weli documented. Within the short
gpace of time at my command it is neither necessaryhor possible for me
to refer to the progress made up to that time. I would content myself
therefore by giving the highlights of the more recent developments
in the wide field of Rice Research.

I speak against the backdrop of gloomy prospects for the immediate
future in regard to the rice situation not only in Sri Lanka but also
in the rest of the rice growing world. You are aware that the recent
droughts have adversely affected the rice production of South Eagt Asia

‘and the price of rice has risen to nearly three times the world market

price a year ago. The price of wheat and flour has also risen mainly
due to heavy purchases by Russia and China from the U.S.A. and we have

had now to get on to a war-footing to grow whatever we could as starch
substitutes. .- .. :

The rice and: flour iﬁparts for the last few years are set out
below.

Year Rice in Tons -Cost in Rupees Cost in U.S. $ Flour Million Fs.

1968 343,829 . . . 345,011,397 57,501,900 218.5
1969 260,187 . .~ 211,385,780 = 135,230,963 229.9
1970 525,606# . 352,758,254 58,793,042 225.3
1971 334,00C 188,000,000 ".51,333,333 212,0 ?
1972 262,000 14w ,000,000 23,333,333 218,0 ?

? # Increased imports for the double ration given from 1970.

By 1875 with the increase in population, the demand is expected
to reach 2,324,525 metric tons of paddy or 113.78 million bushels when-
Wwe only produced 62,9 million bushels in 19?1/75. We import considerable
quantities of wheat flour as well. If we ccuid'produca an gbundance of

rice we would not only save the foreign exchange sent out in purchase of
rice but also a congidersble proportion of the prise paid for flour.

+ Deputy Director Agriculture (Research) and

Co—ordinator Rice Improvement Programme.
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The foreign exchange thus saved could be liberated for economic
development leading to the graater'ﬁrosperity of the country and also
provide a solution tc the pressing proBlems of unemployment. There is
no question of the fact that rice research and production has and

continues to receive top priority ir our domestic agrlculture.

Soils and Fertilizers.

It is generally éccepted that agricultural productioﬁ is ciosely
related to the intensification of fertilizer use. At the 1966 sjmposium
several papers traced the development of soil and fertiliger 3tﬁdies
from the days that only bone-meal was used to the completion of the
all-island rice soil fertility survey in 1963 which enabled specific

fertilizer recommendations for the 22 districts of the island in 1964.

Teething troubles of these recommendations began to show up
as the recommendations were implemented. In 1966/67 conditions of
gstunted growth and poor tillering showed up in Pannaliya and Gaigamuwa
areas of the Kurunegala district. A number of experiments carried out
here showed that this area was low in phosphorus and saphdbs.: phosphate
prescribed was inadequate. Increase of yield by 78% was obtained by
dhanginglthe saphos to concentrated superphosphate. Similar situations

cduld,arise in other areas where phosphate status is low.

Further studies on the direct, residual and cumulative effects
of phosphorus fertilizer are continued together with the investigations
on the use of recently discovered local phosphorus or {se# Eppawala

apatite in rice nutrition as a substitute for imported phosphorus;

.~1. A tendency was observed for the farmers to use only the Nltrogen
fertlllzer without the Phosphorus and Potash because the effect of .
Nitrogen was evident within a few days whereas P & K were not immediately
reflected in the growth of the plant. Therefore, in 1971 it was ..
decided to igsue the subgidised fertilizer in mixed form of a basal
dregsing of P, K and a little N and top dré&gﬁng of X and N to ensure
that all three ingradients are used. .

¥ot only should fertilizer be used for obtainlng hlgh yields
with the more efficient new high yielding varieties obtalnable today,
it is also necessary, in view of the fact that fertilizer involves
foreign exchange, to use the most economic leﬁals.l Dﬁring the 1aét .
two years multi location tests have shown that 90 - 100 ;b/ac..of :
nitrogen is the optimum in the dry and intermediate zones and in the
well drained wet zone whereas 60 1b/acre was sufficlent for the ill-
drained wet zone. '



Plarit Protection.

e The role of plant protection - that is the prcteotlon of the
"; rlce plant from pests or diseases can be briefly summarised as follows:-—
(a) The identifications of disesse pathogens and pests, study of
their life histories and evolution of chemical methods or
alteration of oulfural practices for their control. This

involves continual screening of new chemicals to identity

more efficient or more economic chemicals for control.

(v) .qcreening of varieties for identifying resistant donor parents
that could be used by the breeder to build into the new rice

varieties resistant: to specific pests or diseases.

The second is by far the more acceptable to the farmer @s the
use of chemicals and spraying involves time, labour and money, but
certainly it imposes heavy responsibilities on the rice breeder. The
new high yleldlng varieties capable of taking in high doaes of
fertlllzer can and has precipitated disease and pest problems as high

= i nitrogen, fer”sillzer rénders plants susceptible.

Plant Peata.

Technigues have been developed in Sri Lanka for the laboratory
rearing of the- rice gall midge, a problem which evaded qolutlon by rice
entomologigts in the past. It has now been demonstrated that some
varieties have genetic resistance to gall midge. These yafieties are

"now being used by breeders to incooperate gall midge resiétance to the

newer agronomically ideal high yielding varieties.

.;Gimilarlx}certain varieties resistant to the brown leaf hopper
have'ﬁeen'bbserved and future work will include similar work on stem=—

borer, leaf rollers_and-thrips.

A comprehengive programme of study is under way ‘on the parasites
and predators of major rice pests with a view to initiating a programme

~ of biological control by introduction of suitable parasites not found

here.
The programme of chemical control is being developed on the
- lines of applying highly selective chemical control which will minimise
parasite or'predator destruction and permit of the concomitant use of
- biological control resulting in integrated pest control.
s =

Plant Disease.

1 Perhaps the most important disease of rice is " Blast " caused

by the fungﬁs "Piricularia oryzee, Whereas in the past reports
/
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of this disease were common, today we hardly hear of it in gpite

of the increased use of fertilizer. ‘'The reason is that we have, for a
long time built resistance into our new varieties. No variety is
released to the farmer unless it has reasonable rééistance to the blast
disease. Moreover effective fungicides have been found which could

control the disease should it assume serious proportions.

Bacterial Leaf Blight Xanthomonas oryzae 1s another important

digease for which resistance has to be built up in our new varieties.
The pattern of inheritance of resistance to this disease has been

studied and sources of resistance identified.

In the wet ill-drained arcas oflthe igland sheath blight is an
important problem attacking the dwarf varieties more geverely than the
taller ones. Most varieties are susceptible and it has been difficult
to find varieties resistant to this disease. We have'just obtained
information from the International Rice Research Institute that K 8 -
the sister line of H4 has in comparative'tests shown resistance., It

may tharefOrelPossible to develop this line of investigation further.

The phenomenon of resistance to pests and diseases in plants
is not a static one. Varieties that have been bred for registance to a
pest or disease may succumb to newer and more virulent atiraing of the
pathogen which the pathogen can evolve as it is a living organism. Hence,

the fight against pests and diseases is a continuing and dynamic one.

Weed Control.

The tall traditional local varieties with drooping leaves which

existed earlier were capable of competing with weeds whereas in the modern
hybrids these characteristics were eleminated for the sake of greater
yielding efficiency and they are invariably dwarf with erect leaves.
Effiocient weed control therefore becomes impsrative. For the Herbicidal
control of weeds recommendations of various chemicals have been made
earlier and they are spraysd on the crop. A significant braak-thrbugh
in this area has been the development of granular herbicides for °
waed control 1n breadcast or transplanted rice which eliminates the
use nf a sprayer which is often ﬁot within the reach of moat -

farmers. .The granules are broadcasgt into the ecrop like fertilizers.
Five new granular herbicides Machete, Ljinyuran , 9aturn etc. have been

tested, optimum doses determined and recommended to the farmers.

RICE BREEDING

. The most important gains in rice ressarch'mads during the
last few years have been secured in the field of rice improvement by

breeding. At the last symposium we reported the objectives of the rice
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breeding programme, the achievements made up to that time and our
expectations for the future. Although ours is a small island, we
need a number of different rice varieties for different situations.

The objectives can be broadly classified as -

(&) Breeding varietiesfor specific areas to meet the demands
of gpecial conditions,

(B) Breeding varieties for general rice improvement and wide
adapatability.

The rice breeding programme has duringﬁ%ast six years produced

results which are far beyond our normal expectations.

A, Breeding varieties for specific areas to meet demands of special

conditions.

1. Breeding Varieties for Cold Tolerancs:

Above 2,000 feeﬁ‘the cooler tempera%ura causes varying degrees

of sterility in varieties that perform normally at lower elevations.,
The local varieties that have been grown in these areas are Paénithi
and Thatuwal. However, H4 quickly displaced these vwing to' its
higher yield in spite of suffering from some sterility and its sister

A

line K-8 was even better. Breeding for cold tolerance,rice varisties

=
was carried out by Goonewardana at Experiment Station, Pussellawa and
from a cross between H4 and Panduruwi,lines have emerged which could

give increased yiclds between 2,000 to 4,000 feet.

Cold Tolerant Rice Varieties — Yield in Bu/ac.

Variety Maha 70/71 Yala 1971 Maha 71/72 Maha 72/73

K-8 76.9 42.4 - -
PL 6 83.1 514 55.4 65.7
PL 16 79.4 60.2 85.7 73.4

Apart from the traditional rice fields in this area a considerable
amount of ill-drained land bordering the mountain streams could be
profitably utilised now that we have a reasonably cold tolerent
variety. There are indications from this programme that hybrids with
even greater cold tolerance could be developed inthe future from
eeld—telongnt germ plasm obtained from Assam. PL 16 has been released

to the farmers this year and the reports are encouraging.

2. Breeding Varieties of 5% Month Age Group.

An area of over 80,000 acres covering Cclombo, Mirigama and
. Madampe tracts require a long aged variety of 55 months owing to its
peculiar rainfall pattern. PTB 16 and Podiwi are the traditional

varieties grown here. WNormally we breed varieties which are not
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. photosensitive, so that their age remains the same irrespective of the time
of the year when planted. The variety required for this area has to be
photosengitive i.e. it should allow planting any time from the middle of

‘ July to early September but flower into dry weather in mid December
irrespective of the plantimg date. This was our most difficult assignment.
The first release of H 9 brought out three years ago was high yielding, had
excellent grain quality but was not sufficiently photosensitive, We have now
produced Bg 3~5 which substantially conforms to the requirements for this
area and gives higher yields over the presently grown PTB 16 or A-8., It
also has lodging resistance superior to the tall PIB 16 or H 9, Comparative

yields are as follows :~

Variety Maha 1970/71 Maha 1971/72
Bg 3 -5 102 Bu/ac. 117 Bu/ac.
e - 100 " 110 "
PTB 16 8s v 64 "

3. Breeding Varieties for Salinity Resistance

While there " are. well defined areas where the occurence of

- Salinity has depressed the yields of paddy there appears to be substantial
tracts where Salinity is beginning to develop especially due to the
- impedence of drainage. These areas should immediately receiveﬂ attention

by way of proper drainage channels. v

The variety that has been used for decades for growing under
saline gonditions ig Pokkali, Although it has Saline tolerance, yields are
generally low. It is also susceptible to bacterial leaf blight.

Qur latest experiments in producing a variety to suit these
conditiona‘ are very hopeful. Among the most promising are A-52 produced
at Ambalantota (Goonetillake) and Bg 33-2 from Batalagoda (Weeraratne).

Vafiety Testing for Saline Tolerance

Variety Yield Bu/ac. Place of Origin
A 52-20-1-1 (IR 262 x SR 26B) 78 Ambalantota
Bg 33-2 : 76 Batalagoda
A 15-167 ! 72 Ambalantota
Bg 34-8 62 Batalagoda
_ Pokkali ' _ 53 Local variety
= IR~20 44 IRRI
A 12-B6-2 41 Ambalantota
. IR-8 25 IRRI
Bg 11~-11 23 Batalagoda
H-4 10 Batalagoda

It will be seen that we can bring back most of our Saline

areas to greater productivity with these varieties.

.. i



4. Resistance to Bronzing.

The phenomenon called bronzing is observed in certain ill- 35
drained soils making the plants assume a bronzed appearance. While the actual
cause of bronzing has not been definitely established and many explanations
have been put forward, it is observed that different plants show differences
in théir reactiones to this condition. A prograﬁme of screening of wvarieties
to bronzing is continued at Bombuwela to identify tﬁose varieties that are

resistant to this condition.

B. Rice Breeding for General Improvement.

At the last Symposium we discussed the early efforts of the
Rice Breeding Programme for improvement of varietiea thatj?g be uged in the
greater part of the Island. From the Central Rice Breeding Station,
Batalagoda, Weeraratne contributed H 4 (4% months), H 8 (4% months) and
H 7 (3% months) which together with Pachchaiperumal — an old local selection
in the 3 months age group — constituted the mainétay of bur rice production
programme till recently. H 4 established a land mark in our rice breeding
programme. Its wide adaptability, response to fertilizer, asamparatively
higher yielding.ahility over the old varieties and disease resistance in due
course made it assume the major role in rice production in Sri Lanka. Some
have acclaimed it as the best traditional rice variety produced in South
East Asia. : :

For the grsater part of the Island we require varisties of 3,3% and
4 months duration;:ln the early stages the pace of rice breeding was far too
slow as is seen from the fact that between 1958 — 1966 only three Rondh Heocs
varieties have been' forthcoming. Moreover it took nearly 5 — 6 years from the
time of making a cross, for a promising variety to find its way to the farmer
involving preliminary selections throuzh five or six generations, station
yield trials and subsequent testing in Government Farms. This process was

far too slow and had to be accelerated.

The rice improvement programme was intensified and reorganiscd

in 1968 in two ways:-—

(A) By the intensification of the Rice Breeding Programme at
the stations at Batalagods, Maha Illuppallama and Bombuwela
and the extension of the programme to three other experiment

stations Ambalantota, Labuduwa and Karapincha.

(B) By the organisation of the Co-ordinated Rice Varietal
Trial Programme as a quick and reliable method of testing
the new and promising varieties over a range of agroclimatic

conditions in the shortest possible time.
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A. RICE BREEDING - STRATEGY FOR RICE IMPROVEMENT

‘ In the past, the traditional varieties of rice which obtained
in the rice bowi of Asia were tall types which have by natural selection
become adapfed to a low level of management i.e. without fertilizer and

. without weeding or pest and disease control. Owing to their tallness they
invariably lodged (feli down)during the latter part-of their growth.
Agdition of fertilizers generally caused these to lodge even earlier and
yields were affected. Thus for example even with an inherent potentiai of
160 bushels per acre the yield of H 4 was unpredictable depending on
whether it lodged sooner or later.with the prevailing weather conditions.
The concept of the new improved high efficiency dwarf plant type as illusira-—
ted by Taichéang Native I from Taiwan and IR-8 from International Rice

Research Institute set a new trend in rice breeding.

The dwarf character which made a rice variety resistant to lodging
and erect leaves which prevented mutual gshading, enabled this plant type to
take in more fertilizer and give high yields hitherto. unattainable with
traditional varieties. These varieties were derived from the Taiwan dwarf
varietiés I:geo—tse and Dee-geOwwoogen.‘Hdwever, ™ 1 and IR-8 were_tested
in our research stations as far back as £a» baek as 1965 and it was observed

that inspite of their potential high yields there were certain deficiencies.

(i) They were mostly adapted to well drained soils unlike our
- traditional varieties.
: (2) Their dwarf nature necessitated very efficient weed control
which the average farmer could not essily provide. We reguire

varieties of intermediate height.

(3) They were susceptibie to various diseases such as Bacterial
Leaf.Blight, Sheath Blight and Insect Pests. (Gall fly,
Leaf Roller, etc.) especially at the high levels of nitrogen
necessary for attaining their potential yields. This

necessiated a high efficiency in pest and disease control.

(4) The grain quality of these varieties especially of IR 8

was not gquite satisfactory.

Thus, the progressive farmers growing these varieties in well
drained soils were able to ebtain high yields, but the generality of farmers
were unable to extract the high potential of these varieties because it
required highllevels of management and inphts which were not immediately

-} forthcoming from the marginal farmer.

The Rice Breeding Programme in Sri Lanka was directed to develop
'Y varieties which would give the average farmer at reasonable levels of
management, higher yields +thar what he is presently obtaining with the
traditional verieties, rather than varieties having a high maximum potential
which could be extracted only with highliﬁpﬁta. The very important concept
of non-lodging promulgated by IR-8 was fully accepted and adopted in our

TR e e i R = i N L
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programme. However, although IR-8 was selected in the Philippines for an
ideal height of 100 cm., its height is much shorter in Sri Lanka excepting
in rare cases of extremely well drained soils. Its resistance to pests,

diseases and grain quality had also to be improved.

Proven local varieties with their adaptability to local conditinng,
better grain quality and some inherent resistance to pests and diseases
were freely used in the making of our hybrids. These varieties were to form
an intermediate stage in leading the average farmer to more sophisticated
levels of management later. In other words the strategy was an agricultural

evolution rathsr than an agricultural revolution.

The rice scientists in Sri Lanka worked on the following lines in
developing varieties.
(1) Into the native germ—plasm which was already adapted to local
conditions dwarfing genes were introduced from IR-8, TN 1,
Deo—geo-woogen etc. and selections mdde for plants with intermediate height,
reasonable resistance to pest and diseases, higher adaptability

and better grain guality, e.g. Bg 34-8, Bg 33-2 etc.

(2) Natural dwarf mutants of proven high yielding local varieties
such as K 8 (m), Panduruwi mutant were used in crossing to

obtain non lodging varieties of good plant type e.g. A 11-40.

(3) Irradiation of proven high yielding local varieties to obtain

non lodging mutants, e.g. Irradiation of H-4 to produce MI 273(m).

(4) Intfoduction of straw strength to proven high yielding local
varieties and producing varieties of intermediate height,
with greater resistance to lodging e.g. production of Bg 11-11
by crossing H-8 with Engkatek.

Table 6 presents the pedigree of the more promising varidies
emanating from this programme and the breeders responsible for their
selection.

B. THE CO-ORDINATED RICE VARIETAL TRIAL PROGRAMME

In this project the promising high yielding varieties emanating from
our own breeding programme along with vérieties, reported to be high yielding
in other countries were tested in standard variety trials located in different
parts of the Island representative of the main agroclimatic zones. For the
first two seasons, testing was carried out at six stations and later the

number of stations were increased to eight as follows:—

Dry Zone - Maha Illuppallama, Ambalantota, Paranthan and
Karadian Aru.

Intermediate Zone - ‘Batalagoda.

Wet Zone - Bombuwela, Karapincha and Labuduwa.
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Agronomists at these stdtions are responsible for the conduct of
these trials. Plant Pathologists and Entomologists evaluate disease and
pest fesistance of the varieties in the Co-ordinated Trials as well as in
their own screening tests in the laboratory and field. The food Technologist
supplies the information on milling outturn, grain gquality, palatability etc.
The soil scientigts keep trac¥Wof the nutritional status of the soil at
the trial sites while Agro-meteorologists study the climatic factors in
order to assist in the interpretation of the data coming from the different
test locations. In addition to yield data various other varietal assessments
such as height, ripening and growth duration, heading records, lodging
assegsments, tiller number, panicles per sqguare foot, plant stand etc. are

recorded and procegsed by the statistician and data processing unit.,

The credit for identifying the most promising varieties as a result
of the evaluation of 154 varieties in over 181 well conducted coordinated
yield trials goes therefore to the whole community of rice researchers
participating in the programme. The organisation, coordination and direci-
ion of the whole programme comes from the Co~ordinated Rice Varietal Trial
Project which not only mobilised and coordinated the members of the various
disciplines af Agricultural Science and promoted research communication
between them towards the objective of producing improved rice varieties, but
also evolved well organized and dependable testing machinery for highlighting

the most prom{sing varieties in the shortest possible time.

The Co-ordinated Rice Variety Trial Project is responsible for the
identification of the new improved varieties for cultivation., The
contribution of participants involved in testing and evaluation - The
Entomologist, Pathologist, Food Technologist, Agronomists, Statisticians, etc.
is Just as important as those of the rice breeders who develop a variety

which is now released as a recommended variety.

RESULTS

The data presented in the following pages are the results of the
cocordinated rice variety testing programme.. Although the data is in relation
to the grain yield, as mentioned earlier, various other characgeristics are
. evaluated in the programme., These criteria are taken into consideration
in the interpretation of the yield data and when the final recommendation
of a variety is made. The results presented in this paper are in respect
of the last 9 seasons ~ Yala 1968#, Maha 1968/69, Yala 1969, Maha 1969/70,
Yala 1970, Maha 1970/71, Yala 1971, Maha 1971/72 and Yala 1972.

# Maha - Wet season — October to February.

Yala - Dry season - April to August.
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3 MONTHS AGE GROUP

High yielding varieties of 3 month duration have been rather
rare in the past in aouth East Asia or for that matter in the Rice
growing countries of the world. BEven the International Rice
Research Institute at the outset concentrated mainly on the
development of varieties of the 4 month age group because it is o
well known - that this 120 day duration group is capable of the maximum
potential. _Nevertheless; for countries such as Sri Lanka and no
doubt for many other countries in the world, varieties of a shorter
duration are very relevant, These varieties aome in useful where
1imitatién of water in our tanks in the dry zone necessitate a
short growing period. These are also useful when rainfall patterns
postulate a 5% month variety in certain paqté of the country so
that the 2nd crop must of necessity be a shoft one. They also come -
in handy when a 4 month variety alresady plaﬁted out happens to be
destroyed by floods. In the present context of the development
of multiple cropping in combinatinn with othér crops, a short aged
high yielding variety of rice becomes = extremely important, TFor
these reasons we concentrated on the development of :Jood short aged
varieties to replace the local selection Pachchaiperumal which
has filled this Tole for well over 25 years inspite of its

susceptibility to blight, blast and susceptibility to shattering.

Pig., 1. tﬁhart and Slide) presents in histogram form the
overall meaﬁ yiéldé of the varieties obtained from the co—ordinated
trialg for thé“iast-T seagons., It can be observed from this
histogram that during even the first two seasons some of the new
varieties tested gave yield increases over the standard variety
Pachchaiperumal. (Standard variety depeted in black). With the
infroductionof newer varieties fxm the breeding programme in subse-—
quent seasons, possessing better plant charactetéstics such as
lodging resistance, disease resistance etc. into the trials from
Maha 1969/70 onwards, all the varieties tested gave substantial

yield inoreases over Pachchaiperumal.

It will be also observed that the yield of the Standard
variety Pachchaiperumal ig higher in Yala than in Mzaha owing to the
greater disease incidence in the Maha season and the susceptibility

of Pachchaiperumal to_Blast,'Bacterial Leaf Blight and lodging.
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The improved varieties, apart from t@eir.much higher yield give
a much more stable performance- without these fluctuations owing

to their resistance in these respects..

The mean yield and yield increases of some of the new

verieties over the standard variety Pachcheriperumal are given

below:-
Pable 1
 Maha 1959/70 Yala 1970 Maha 1970/71 Yala 1971
Variety @Mean Yield Mean Yield Mean Yield Mean  Yield-
yield Inc. yield Inc.  yield Inec. yield 1Inec.
Bu/ac. over Bu/ac over Bu/ac over Bu/acJ over
P.P# P.M Pll# : : POI# o
Bu/ac. Bu/ac. Bu/ac. Bu/ac.

Bg 34-8 73.6 +37.9 107.0 +45.9 91.9 +56.1  99.5 +35.2
Bg 34-11 77.2 +41.5 100.6 +39.5 85.6 +49.8 96.2 +31.9

Bg 34-2 - - 106.3 +45.2 91.8 +56.0° 105.6 +41.3
Bg 33-2 - 3 - = 8 - #4836 100.8 T3S
# PP < 61.1 - 35.8 - 64.3 -

# Pachchaiperumal 2462/11

@ Mean of .8 locations.

NOTE: 1 Bushel per dcre — 50.5 Kilogrammes per hectare.

It is clear from the above table that Bg 34-8, Bg 34-11,

Bg 34-2, and Bg 33~2 have given yield incpeases ranging from 35.2. -
56.1 Bu/ac. 31.9 - 49.8 Bu/ac. 41.3 — 56.0 Bu/ac. and 37.5 - 48.6 Bu/ac.

respectively, over the standard variety. The maximum grain yield

obtained todate with these varieties in this series of experiments

for Bg 34-2, Bg 34-8, Bg 34~11 and Bg 33-2 are 142.2, 140.4, 126.8

and 122.0 Bu/ac. respectively. When we consider that these

are 90 day duration varieties, Bg 34-8 has produced - 1% bushels

per acre for each day of its existence in the field. It would

be difficult to produce varieties giving a higher-maximﬁmupotential

in this age group than what has been reached by the varieties .
mentioned. Thege varieties are of. intermediate height, approximatély_
58 em. culm height vs. 80 om. for Pachchaiperumal and are superior :
4o Pachchaiperumal in resistance to lodging, Bacterial Leaf Blight
dasease. We have recently obtained répo;té from extension that Bg 340
shows tolersnce to submergence by floods. This has been tested and
confirmed by us. There have also been reports that it is drought
resistant and also tolerant to Saline conditions. With a record potential
of 140-150 Bu/ac for a 90 day variety Bg 34-8 is indeed a truly
remarkable rice variety. The seriss of trials in the

3 months age group have been temporarily

*
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suspended to enable the breeders to improverfurther the Rige -
Quality, lodging resistance etc. of this age group.

. 31 new varieties have been tested in the Co-ordinated Rice
(o] Varietal .Trial Project for the last 7 seasons. The data obtained
has enabled the‘recomﬁendation of two varieties wviz. Bz 34-8, and
Bg 34-11 1o replace géchchaiperuma which hhs been the standard
varia%y_in this age group. These ataionly two of the varieties among
the many that have héen highlighted in the Co-—ordinated Rice
Varietal Trial Progrﬁmme.'Bg 34-2 and Bg 33-2 arec the leading varieties
during the last éeaSO?‘ The histogram Fig. 1 - will show that thore are
pamy varieties whigh- cgn outylePQAPaahchalperumal by naarly 100%.
Bg 34-8, Bg 34-11 have been alroady released to the farmers and has been
eargerly accepted by them. Bg 33—L is found to perform leven better than
Bg 34-8 in the boggy soils of tne wet-zone, ‘where brcnélng could be a
rroblem. ]
Comsidering the faet that the-total acreage yef annum under

the 3 months age group is approximately 185,000. acresg the increase in

productlon that can be expected by growing the new varieties, assuming

-

a yield 1ncrease of" 20 bu/ac over Pachchalperumal on a modest estlmate, will

be approxlmataly 4 mllllon bushels per annum. This acreage could no
i-doub} be even increased when this short aged variety go into lands -

& . - that have been so\.fa.z_lai_‘jc fallow for the 2nd season for want of a

.good short aged variety and also contribute extra harvésts from

the multiple eropping programme in the highlands.

3% MONTHS ACE GROUP

%he histogran (Fig. 2) (chart wnd slide) presents the mean

‘grzin yield data of varieties of this age dlass tested during the past

8 seasons., It can be seen that upte Yala 1969, many, among the new:
varieties tested,“were=eupexioa, but a_fair number were inferior
_in yield to H-7. (the Standard variety in black) — However, after

the introduction-of--varieties of Improved Plant Type with better

lodging resistande, pest and disease resistance, into the Co-ordinated
- Rigce. Varietal Trials, the standard variety H-7 has been almost the lowest

yielder durng the last four seasons.

The grain yields and yield increases of the leading varieties
which have emerged from these #zials ara presented in the table given

on page Uit. e il
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Table 2,

Maha 1969/70 Yala 1970 Maha 1970/71 Yala 1971 Maha 1971/72
Variety @Mean Inc, Mean Inc. Mean = Inc. Mean Inc. Mean Inc.

Yield over yield over yield over .. yield over Yield over

Bu/ac. H-7 Bu/ac H-7 Bu/ac. H-7 Bu/ac H-7 Bu/ac H-T

Bu/ac. ‘Bu/ac. - " Bufac. Bu/ac. Bu/ac.
IR 262 93.2 +39.0 106.2 +46.9 86.5 +29.8 . 117.2 +47.7. -96.3 +35.1
Bg 34-6 87.2. +33.0 99.7 +40.4 83.5 +26,8 105.5 +36.0 101.7 +40.5
Bg 35-2 85.1 +30.9 95.2 +35.9 75.2 +18,5 101.7 +31.6 Rk
A 9-48 78.8 +24,6 86.6 +27.3 77,7 +21.0 -107.6 +38.1 99.5 +38.3
H7(3%d.) 54.2 < -  59,3. « 56,7 = £9:5  » . Bho =
@ Mean of8locations. T s : SR

NOTE: ‘1 Bushel per acre = 50.5 Kilograﬁﬁes'péi hectare.

The variety IR 262 ffom the InteQnational Rice Research Institute
(IRRI) has been the leading variety, from Maha 1968/69. Locally bred
varieties Bg 34-6, A 9-48 and Bg 35-2 whlch were entered in the
Co—ordinagted Rlce Vafietal Trlal for the firgt time in Maha 1969/70
also gave hl?h flelds only sllghtly 1nfer10r to IR 262.

The newer varieties viz, IR 2621 Bg 34~ 6, ete, have given yleld
increases over H-7, ranging from 39.0 - 47,7 and 26.8 - 40.5 bu/ao.

respectively. However, IR 262 though a very good & variety with fine

rice quality, has one disadvantage in that it is too short. Its

culm height is 47 cm. compared with. 61 cm. for Bz 34-6 and 88 cm,

for H~7. Although progressive farmers cxarcisin good weed control

‘could extract the high potential yields Ircn’thls Va?lbty, it ig

cbserved that by an large the average *ﬂrmcr does not yet adopt a

high standard in weed control, so thai the hlgh potential of IR 262 is not
always realised. Bg 34-6 is intermediate iﬂrheight and has found favour with
most of the farmers who have used it i;'their fields. In this age éla#s a total
of 45 varieties have been tested angd’ preSbntly two varlatleq are ggcudnonded
viz. IR 262 for farmers practlslng a hlgr level of management and’Bb 34-6 for
others, to replace the standard varlety F~7 in the 32 month 358 class.

A 9-48 is now ready for recommendation and it is more resistant to BLB than
Bg 34-6. '

Varieties of this age group are grown in thn dry, 1ntermad1at» and
wet zone and cover an area of appratlmatcly 16“ 000 acres Z. per annun.
The varieties IR 262 and Bg 34-6 have given 27 - 47 bushels per acre |
over H-7 in this series. Assuming that these varieties give a yield increasa

of 29 bufac., an  increased potential of 3.3 million busghels of paddy per

annum would be possible from the area ccvered by this age group.
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4 - 4% MONTHS AGE GROUP

This ége group is the most important one in the island and

covers neafly 1.25 million acres dach year. For over 12 years the
vafieties H-4 and to a lesser period H-8, were the standard varieties
that have been used as widely adaptible varieties. However, these
vapietieq are far from ideal for wet zoﬁe conditions, For this
reason,.in addition to H-4 and H-8 many old local varieties are also
being grown in this region. However, the spectacular increase in
Iproduction obtained during the last few years (Fig. 4 - Slide and chart)
isg lérgely due to the response of these varieties H-4 and H-8 to better
management practices. Both thege varieties are tall and tend to lodge
towards harvest or even shorfly after heading, if they run into rainy
weather, The yield is therefore largely dependent on the climatiec
conditions obtaining especially during the latter part of the growing
period. Varieties with a more stable and higher yield ceiling should be
available to make a substantial impact on Rice productionwith this most

important age gruup.

Imported varieties such as Taichung Native 1 was found to be
too susceptible to Bacterial Leaf Blight disease in Sri Lanks and
never made an impression on our rice production. IR—B'on the other
hand was superior to the above in many respects, but, as mentioned
earlier doeg best only on well drafned soils and under high levels of

management, including high fertilization, pest, disease and weed control.

The objectives of ‘breeding in this age group as well as in earlier
mentiondd age groups weré varieties of intermediate height with erect
leaves having greater resistence to the commoner pests and diseases
and good grain type. It is more difficult to produce absolutely non
lodging types at intermediate height than dwarf %ypes. We were prepared
therefore, to even gacrifice some of the lodging resistance at this
stage knowing very well that the average level of nitrogen still usged

in our fields is not very high.

The figure 3 (slide and chart) summarises-the maan-grain yields of
the eight lécations of the various variéties tested for the first T
seasons. The tables 3 and 4 and Fig? show the yields of the more

promising varieties during the last few seasons.

In Yala 1968 and Maha 1968/69}-ﬁf the large number of new
varietieg tested along with the standard.variety H-4, only a few
showed yield superiority over H-4 (Fig 3 chart and slide). IR-8 was
distinctly superior to H—4. This tremd  changed from Yala 1969 onwards with
the influx, from the breeding programme, of high fertilizer responsive |
varieties with good plant type and resistance to-lodging. In fact,
during the 3 seasons viz. Yala 1970,.Maha 1970/71 and Yala 1971 all the
15 varieties that wére tegted in the Co-ordinted Rice Varietal Trials were

superior to the gtandard H-4 by very substantial margiuns.
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Table 3 gives the overall mean yield data of the leading
varieties obtained duringthe last 6 séasng The range of yield
increases obtained with IR-8, Bg 11-11, MI 272(m), LD 66 and. A 11-40 -
are 25.4 - 60.9, 18.2" - 36.9, 16.6 - 52.7, 24.0 = 38.2 and 22.8 - 54.5
bushels per acre respectively. o

{ # Low yield of Bg 11-11 due to over seeding.)

During the last two seaswyns Maha 1970/71, and Yala 1971 many new
varieties viz. MI 273(m), A 11-40 have equalled or improved m on the
yield of IR-8 in their mean yields (Fig 3 Chart and slide). These
varieties possess in addition, some or all other characteristics such.
as superior grain qpality, greater resigtance to diseases and pests énd.greater
adapatability -than IR=8 itself. As the trials are carried out at a
highlevel of management, it can be assumed that the maximum potential
of IR-8 has been equalled by these varieties with improvements in
one or more characteristics over IR-8. Fertilizer levels for wet zone

N:P:X 100:100:100 and for the DTy Zone -~ N:P:K - 120:100:100.

From Yala 1972 Bg 11-11 replaced H-4 aa the standard variety and H-4
was deleted from the tiials. From Maha 1971/?2 even more promisiné

varieties are identified such as Bg 66-1 and Bg 90-2.

PERFORMANCE OF 4% MONTH VARIETIES IN THE WET ZONE -

While most good varieties bred hers or imported fmom abroad
perform well in the f)ry and In‘be.rmediate Zones, with their better sunshine .
hours, better drainage and growing & conditions, the challenge of
-improving the yields in the wet zone bas always been a more difficult one.
Poor drainage and cloud cover, fregquert rainfall and greater incidence
of pegts and diseases have contributed to hold back the high potential

yield of the best varieties in this Asro Climate.

Table 4 gives the performance of the more promising varieties in the

wet zone.

It will be observed that most of the new varieties which are more .
resistant to lodging are capable of riving substantial yield incroases.
over H-4 even in the wet zone even —~hough their yield levels are lower.

than those in the dry zone.

PERFORMANCE OF NEW VART! TTES IN EXTENSION FIELD TRIALS

Co—ordinated variety testing is limited to 8 locations in the
Wet, Dry and Intermediate Zones, anl it is necessary to find out the "
performance of these varieties under a wider spectzum of goil types and
agro—climatic conditions, before a final recommendation could be made. -
Therefore, pfomising varieties fron the Co-crdinated Variety Trials are

passed on to the Extensicn Orgeniz~tion for testing im the cultivators!
fields. By this means; the Extension staff ag well as the farmers could
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become familidr with the new varieties, find out the areas in which
_ particular varieties are more suitable and gener ally transmit to

regearch any deficiencies in these varieties.

Table 5 gives the data from 186 locations in 21 districts
of Extension field trials carried out with the 4 - 4% months varicties
for Maha 1971/72. The trials were carried out at fertilizer levels of
N:40 P:70 K:50 in the Dry & Intermediate zones and N:40 P:S0 K:50 in
the wet zone. It "will be-ohserved that some of the promising
varieties like Bg 11-11 and LD 66 have given over 100 bushels per acre
on an average. Even the other varieties have given quite acceptable
yields with a mean yield of 95.3 bushels per acre for all varieties.
However, although the data from all locations have been pooled and
averaged for this purpose, if a study of individual districts were made,
those which are more favourable for growth have given much h?gher yields
than the averages. In some Districts, even at low levels of fertilizer
yiéids of 140 - 150 bushels per acre have been record#d with Bg 11-1l.
Nevertheless, it would be apparent from this rough average that a
potentiality of 90 -~ 100 bushels per acre is possible when till
recently our ngt?gnélgyiéldé"of varietieq have been in the region of

51 busheié'perwaczrgt

THE PERFORMANCE OF NEW VARTETIES OVER LARGE AREAS

It is well known that Trials carried out in expermental plots of
about l/BOth of an acre whether by Research Officers or Experimental Staff
do not reflect the yields that would be obtained when rice is grown

: in farms or 9 s
over large extentsﬁ in small extents by the farmers. This is because

over large areas it is not posgible to give & the same attention that is

given to experimental plots and the management levels must necessarily

be lower. However, it would be geern that through out this address what is
stressed is not the absolute yields obtained with the new varieties

but more the differences between th: old and the new varieties at the
samé level of management. This is 2 truer comparison between the

varieties.

There are however, figures available on the performance of thesec

varieties when grewn in large acreages and thege are presented below.

Yala 1970 - Hinurakgoda CGovernment Farm

Variety T TS e Bxtent in acres - Yield Bu/ac
Be il 45 70
1D 66 ' 5 88
Hed o 550 50
ananl U T rugnkmets f Sizusegs
=% 1 4 s o Kgo L e
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Maha 1970/71 Hingurakgoda Government Farm

Variety ' Extent in acres Yléld Bu{ac_ o
ML 273(m) 12 105.4
Bg 11-11 146 91.7
IR-8 - 36 83.4
1D 66 35 70,8
H~4 186 ' 52.0

Yala 1970 — Private Cultivators' Férm, Ambalantota

Variety Extent in acres Yield Bq[ac
Bg 11-11 5 - -220

IR - 8 5 90
H-d . 5 T5a

Many cultivators who have grown blocks of Bg 11-11 have realiged
average yields of 120 - 130 bu/ac whereas their normal yields with H=-4

have never been over 80 - 90 bu/ac.

The foregoing data demonstrate the capability of new improved
varieties to give yield increases of 30 — 35 bu/ac over the presently

grown H-4 and H-8. If a modest increase of only 20 bu/ac were realiged .

over the 1.25 million acres gmri growing the 4% month age group, these new

varieties could incrsase rice production by around 25 million bushels

per annum.. - . - . ; T o o

+"EFFECT OF HIGH YIELDING VARIETIES ON THE FUTURE OF RICE IN SRI LANKA.

For the increase of rice production in a country high yielding
varieties are a sine qua non+ - All ether efforts must necessarily prove
to be of little avail if the varietics set a low limit of production.

O0n the other hand, good varieties with high yielding potentiél cannot by
themselves achieve much unless certain supporting sefvices are
available, Good varieties can spread tc some extent on their own merit.’
Farmers have been paying higher than the standard price for seed of these
new varieties in the early days of their release. However, for a quick
and extensive impact on rice production and for the full exploitation

of their potential the following arc necessary:;

(2) A.good extension service ]
‘{b) An efficient seed proiuction programme. ' ' ‘
(e) Easy availability of fertilizer at the right time to

the farmer. |

(d) Availability of credit without much difficulty.
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Of these, the Nepartment of Agriculture is responsible for
Extension and seed production in addition to Research. The excellcnce
of these varieties have been matched by a magnificnt extension c¢ffort,
the 1like of whioh has been rarely seen in South East Asia. In the
season Maha 1971/72 five thousand mbni-kits comprising of four
varieties ® in each age group together with the required fertilizers,
and agro-chemicals have been distributed throughout the country.

In addition to this,100,000 production kits containing one pound of sgeed
of a variety were sold to farmers. The results of these and the
inteﬁsification of thé.seed production and certificatinn programme

have been spectacular. The trends of spread of the new varieties

of the:second generation are shown in figure §.

It has already been shown that in the 3, 3% and 4% monthe age
groups,'man& varieties are avai}able which are capable of yielding
around 20 - 50 bushels p;r acre over the old varieties, Pachchaiperumal,
H 4 and H 7. Even at a modest estimate of an inecrease of 20 bushels
per acre, this would mean a petentigl of around 30 mllllon bushels
of extra paddy per annum valued around at Rs. 540 millien. ' The chart
(figure 4) shows the increase in raddy production in Sri Lanka during
the last 12 years. The year 1964/65 registered a decline in our
-production owing to drought. Since that time;'rice production has
steadily improved in an asoending curve excepfing for the year 1958/69
when again a drought prevailed. This was however made mp in 1969/70
with an unprecedented 77.4 million bushels production. The total
production dropped sharply in 1970/71 ~ the year of 1nnurgent ‘activity
in Sri Lanka - which threw the facilities services out of gear. Following
this, in Maha 1971/72 and Yala 1972 and even last season, Maha' 1972/73,
cropé #ere badly affected by severe droughts.

The sharp increase in production from 1966/67 -~ 1969/70 was
due to the increasing adoption of better cultural practices, fertilizer,
weed and pest control and the organization of the Government machinery
to assist farmers with better credit facilities, fertilizers and other
suppliesg., Nevertheless the yield increase so achieved was through the

old varieties, H4, H7, H8, Pachchaiperumal.

The dotted line from 1970 - 1971 represents the estimated
total inorease of production envisaged by the Draft Seven Year Plant
of the Ministry of Agriculture. The estimated demand for rice according
to projections On the increase of population is shown at the top of
the graph. It will be seen that according to the plan, at the then
rate of increase of production self sufficiency would be realised

between 1975 ~ 1976. With the gencration of an increased potential
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of over 30 million bushels per annum with the second generation

high yielding varieties, it is clear that tHig target could be reached o
mrach sooner. I+t is estimated that the new vhrieties could replace

the older ones in the fisld in two or three seasona, and we could

expest reaching our target.-even by the end of 1974, prm}idad that the .
inputs such as fertilizer, credit are made to flow ‘smoothly and

ofcourse if adverse weather conditions are not encountered.

The improved varieties have been biologically tailored to
suit local conditions at level$ of management within the capacity e
of the average farmer. They represent a forﬁard step in agricultural
evolution towards higher levels of management for the future. There is
little doubt, that even better varieties will emerge ffom the Rice

Improvement Programme in the years to come.

These varieties are a gift to the farmers and people of this
country by the whole community of rice scientists of the Research
Division of the Department of Agriculture, that worked as a co-ordinated
team with the objective of producing high yielding wvarieties for
increased rice production. It is their hope that these varieties will
receive the fullest support from the facilities services and that they
will relieve the country of the heavy economic burden of importing rice @&
for thePeople and bring about an iera of prosperity for the farmers

of thi country.'

E
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B ES I DIARY FOOD C RO P S**
by

G. W. E. Féfnando,
d Agricultural Research Station
: Mahd - Illuppallana.

‘. Sri Lanka's economy is founded on Agricultural Production
with rice as the pre-emin.nt food crop anid the basis for-a large
part of village agriculture. The plantation crops tea, rubber and
coconiuts provide the main overseas funds on which depend the
imports of a great variety of manufactured products and of addi-
tional rice and other food stuffs. i

Ironically enough, this country -thoughh primarily agrarian
in economy and with all favourable natural resources for the
production of a wide range of food crops, had to depend largely on
imported ifood items which made many critics of our national econonmy
pr wict a gloomy future, The present Five Year Plan emphasises
that the two major constraints determining the possible rate of
growth of the e¢conomy are the shortage of foreign exchange and the -
shortage of savings and to overcome the shortage of foreign :
c¢xchenge. The plan emphasises an eipert plan which embraces the f
traditional crops and a wide rangec of new crops on the agricultu-
ral side and a wide variety of industrial experts. The plan relics
heavily on import-substitutionin ag iculture of which rice,
chillies, onions andd pulses are obvious examples. The import
fi ures of a few commodities for the period 1969 to 1971 are given

in Table 1.

’ TABLE - .1 o L
' Value of Importsd Commodities

Annual Average 1969-1971.

% . Commodities “ . - YValue in Million.of Rupces
Rice ST ' 257
Sugar ' ' _ 5 176
Cotton Ly 153
Pulses. e P
Milk Products e 51
Chillies gt o 27
Onion = ' : 16

=7 The average annual export earnings of the country for the

5 3 years from 1969 to6 1971 amounted to Rs.2,200 million and value
of imports into the country for ths samec period was Rs.2,400
million. Therefore, a considerable amount of the foreign exchange
was *expended on the imports of scveral commodities which can be
produced in this country.

2 ThHe foreign exchange crisis has hastened the arrival of

the green revolution so much so that Sri Lanka is expeccted to

achieve self-gsufficiency in the near futurc and has achieved self-
. sufficicncy in potatoes, chillies, onions and green-gram. The

central figure in this great fransformation will be or hag been

the farmer who had been erroncously called a conservative. The

spurt in demand for high yielding varietics of rice in recent ycars
N has beli ¢d - the concept of the cultivator as a traditionalist.

In fact so good has been the response to the adoption of ‘high yiel-

ding rico varicties by farmcrs, it is possible to achieve sclf-

sufiicicency in rice in a few years from now. -

FF Paper read ot the . ETA.S.Symposimm on current Scicntific
Research and. its relevance to the development of Sri Lanka
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Arcas of Production: . ; o1

The devclopment of plantation crops notably tea, rubber,
coconut, coffece and cocoa in the Wet Zone has resulted in a change
in the economy of Sri Lanka during the last century but the prese-
nt trends in the world markcet indicate a gloomy picture for those
plantations crops., Up to early 1960's, thc greater part of the
island's requirements of =zgricultural products were cheaply impor-
ted and this gave no incentive to the development of local agricul
ture. This is particularly true of the IDry Zone of Sri Lanka which
remained under-dcviloped and under-populatcd whilst in the Wet '
Zone, the population incrcases began to create increasing demands
for land. As a result, agricultural cxpinsion in the Wet Zone is
limited and the greatest potenti:l for the cultivation of annual
crops, such as ricc, m.ize, sorghum, chillics, onions, pulscs,
0il crops and industrial crops lies in the Dry Zone of Sri Lanka
where a marked dry périod cxists for the ripening of various c. ops.
It has been cstimated that e¢ven with the moximum development of
our .irrigation potentialities, an e¢xtent of over 2.5 million acres
will still remain unirrigable. The research station at Maha -
Iligppallama is intensiwvely.engaged in developing systems of
irrigatcd farming in anticipation of the Mahaweli Divsrsion project
which will bring an additional 71000 acres of ncw land for the
cultivation of rice and non-rice crops. Nevertheless, the noecd to
continuc rescarch into problcms of rainfed farming will remain
beecausc large areas of arable 1l.nd in the dry zonc which will not
receive the Maha weli waters will have to be cultivated under
rainfed conditions, :

New Concepts in the Improveument of Plant Type:

The breeding work in Sri' Lanka during the past two yoears
h.s becn zreatly influcnced by the concept of improved plant type,
which has proved so very useful in the improvement of rice in
India, Phillippines and Sri Lanka and wheat in India, Rice #nd
Wheat have be:n thc two most intensively investigated crop
plants but inspite of a long history of research, it was found
necessary in rocent years to give them a new form to improve their
productivity. Bas.d on those findings, the research workers have
made a re~-examination of the plant type in scoveral other groups of
crops such as m.izc¢, sorghum, chilliss, pulscs c¢te. A major
reconstruction of the plant type in most crops h s required:a
reduction of theoir spreading zad tall growth habit so thet more
plants can be raised per unit arca of land. Associatcd with this,
therc has been the improvement in their harvest index (weight of
grain/total plant weight). Another major bresding objective in
rcecent- years in crops like pulses has been to cut down their
excessive vegetative growth, and reduce their maturity duration.
Thig latter attribute is most important as it helps to increase
the per day productivity of the crops and makes it possible to fit
them' in mo.e¢ intvensive cropping patterns. The influence of plant
type on yiedd in a fuw sclected crops is shown in Table 2.

LY

TLELE - 2
Influence of Plant Type on yvi-12a (Lb. pér acre)
Improved Plant Type Improved Plant Type
Varicty Yicld Varicty Yiold
Rice H4 3000 BG 11-11 5600
TR 3 Pachechaperumal 1800 BG 34 5000
Chillies Wolit .y T 300 MI Hybrid 1200
Sorghum Thambag:la 2000 IS 2941 4500
Toor Dhal T 64 1700 MI 10 2500
Green Grum MI 1 2900 MI 3 3400
Okiw H=10 12000 MI 5 18000

Cowpea Arlington 1500 “I 35 1500
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. Within the: time available to me, I shall be a@le only to
touch on a few of the more important crops and to try to highlight
some of the more important probloms that. exist in this connection.

Red Onions:

- The five ycar plan estimates that the total demand of rcd
and large onion in 1976 will be around 2,400,000 Cwt. According
to the estimatss of production, the country is almost Self- A
sufficisnt in the production of red onions and red onions have al-
most completzly repliccd the Bombay onion in the food habits of
the people:, However, due to the operation of certain fuctors,
thore arc in fact two periods of scurcity, onc in December, January,
and the othér in June., The December, January scarcity has been -
attributed to the difficultics in growing the crop of red onion
curing Ociober to December dus to heavy Maha rains. The scarecity
in June is attributed to the fact thut Jaffna Peninsula does not
grow this crop in May and Junc becausce the sowing seasons are
llarch, April and July. The average yicld of r.d onions is in the
range of 5 tons pur acre and the growth duration is about 60 to 70
days. Phure were no imports of rcd onions since 1968 and the priccs
have now stabiliscd between 60 cts. durin: peak production to
sbout 1.50 during the of{ se..coms.

Bombuy Onion:

The cultiv.:tion of Bombay Onion has not spread as there
are technological problems which arc yget %o b¢ overcome. This
crop has been grown successfully during tihc Yala Se.son (April to
Sept aber) in the Dry Zone. It cultivation during the Maha
Season (Octobzr to March) is limitcd due to the incidunce of a
phgsiologic..l disor er comaonly r-ferr.d to us "tip drying"'" at

 the pucsary stuge. :lceent findings have shown that a night cover

is e¢ffective in contrelling this disorder during this season
where heavy dew is experienced.

= The rccommended viriety is Poona Red, an introduction
from India. Other promising varictics are Tropicana Hybrid and
Rod Creole. The yicld .is around 5 to 6 tons per acre and the net
incomé¢ including labour is cround iis.8500/- per acre.

Chillics:

_ Sri Lanka imported 300,000 to 400,000 Cwt. of dry chillies
at an average cost of about Rs.35 million. Thc local production -
was cstimated to be about 150,000 Cwts.,in 1971.and the anticipated
demand in 1976 is around 600,000 Cwts. After the total ban on
import of chillies and the cstablishment of. a frce market, the
prices rosc from Be.28/- to Rs.30/- per pound. wWith increasing
local production, the pricec has fallen to about ks.5/- to Rs.10/-

er pound. Theé inerezsed prices have compslled the consumcr to
%i) reduce the luvel of consumption and (ii) to grow their. own .
domestic reguiremcnts in chenas, ficlds and home gardens.

The varicty popularly grown in Sri Lanka is Maha - .
Illuppallama Hybrid, a cross betwucn Iiyliddy X Tuticorin, It is a

" varicty with a very high yicld potential and with all the -

dssirable qualities for the production of dry chillies. The .
yiclds -nd net income which have been obtrined by the cultivation
of this variety from z few sclect.od furm rs from -the Muthu-iyan
Kaddu Colonization Scheme are given in Table 4. It will be sceén
that very high yields have been realised by these farmers under
ensurcd irrigation and good management conditions. On an aver.ge
the yield is around 10 Cwts. pur acre under irrig:ation and the
net income is about Rs.6,600/-.

TABLE 4
Yieclds and Income from 10 Chillie Farm.rs
at Muthu Iyan Kaddu.

Contd. on Page 4




Name of Farmcr : Extent Yield Net Income

*e (acres) (Cwts, ) (in Rupees)
{. E. Kanagaritnanm 1% 25 11,700.00
2., S. Nadaraja et 20 10,440,00
3., S. Mylvagananm 13 25 12,300.00
4, T. Theivendram 1% 18 10,000.00
5. S. Tharmaraja 1 10 4 ,500.00
6. S. Suntharalingam 1% 21 14,400.00
7. S. Secvarainam 1% 24 14,700.00
8. S, Kanapmratnan 2 34 16,450.00
9. R. Theivendram 1% 24 12,380.00
10. K. Kuddithamby 1% 19 10,000.00

Rucently anoth.r sc¢lcoction has been isolated from the
vericty MI Hyb.id aznc¢ this strain has been identifid as HMI-2.
MI 2 is a dwarf plant with narrow leaves and long pods which arc
merc pungcnt th n MI Mybrid. The yield potential in both varictics
is similar but the ratc of spread of lcif curl-complex in MI 2
appcars to be less th:n that of NI Hybrid.

Almost the ¢ntire acrzuge of chillics during the Maha
season is grown in chen:s under rainfed conditions =nd the average
yields rarely cxce.d 4 to 5 cwts. piur acre. The low yiclds cun be
attributed to the us:c of long age varicties which invariably suffer
from water stress during the tail cnd of the Maha season. Thus a
major objective in the chillie treeding programne undar rainfed
conditions is to evolve a short age varicty (4 to 4% months) which
will fit into the rainfall patiern during the Maha season and
which will =minimize crop failure duc to drou:ht in lote January
and e¢arly Februory. A research programme on these lines is in
progress ana s:veral promising lines have bion isolated from the
cross MI Hybrid x Santaka. It will not be lciig when scveral
strains with diverse nP rphological chﬂrﬂctrrlﬂtlcq wlll be ava 1lab—
1. for cultivation undcr rglnied condltlons.

The influence of plant population on thu ylkld of chillies
under rainfcoo and roinfed + suppl.ementary irrigation is shown in
Tabls 3,

TABLE 3
Influcnce of Spucing and Method of Irrigation on
the yield of chillies (1b. dry chillics por acre)
Spacing Rainfed ‘ Rainfed + Average
: : Supplementary
Irrigation _
13- x 1! 1063 1468 - 1265
a X1 926 1236 1081
2 tix s 746 1188 . 967
Zit -y 1 601 - 940 170
Liverage 834 1208 -

The rcsulis permit the feollowing conclusions -
(1) Yiclds can be increased by increasing the plant
population pgcr =acre,

(2) the provision of a fuw supplementary irrigations
during periods of we tur struss can enhonce yiclds
considerably.

svun k)
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a+udics on the Direct Secding of CHillies:

Chillies arc normally transplanted in the country but the
techniques of raising seedlings in nurseries present problems.
Apart from a nce: to master the techni. ues of nurssry management
transplanting increases labour i 1%s and delays the estublish-
ment of nurssries duc to shortige of water in some locations.,

On the other hand direct seedin: has many advantages over trins-
planting. The main advantages are uniform germination and estab-

.lishment, ecrly flowering, high yiclds and low incidence of lex

curl, This prouvlem has been studicd at Maha Illuppallzma for the
last few seasons and successful crops by direct sceding have been
w-tablished. The results are shown in Table 4.

TABLE 4
Influence of Scvid Treatment on the Yicld of
Dircct Sown and Transplanted Chillies.
(Cwt., pur acre of dry chillies)
Treoted Secdg, Untroated Secds Average
Direct Sown 21.94 19.80 20.87
Transplanted 17 02 14.05 -A5.:52
Aiverage .19.48 16.92 -

The treatment of sceds by altern.te wetting for puriods varying
from 24 to 48 hours followed by subscquent drying prior to

. seeding histencd germination. Untreated secds often take 8 to 14

days to germinate but secdlings from pre-treated sceeds will:

.émerge in 4 To 5 days after scoeding.

The dir-ct secded plots mutured two to three wecks earlier
and gave appreeiably higher yiclds than the transplanted crop.
In both transplunted and direct sown plots, hipgucir yields were
obtained when treated sceds wer. used,

Major problem that was limiting the yicld-of chillies and
acting aos a deturrent to the expansion of chillie cultivation was
the occurénce of discase which is comuonly refer:sed to s the
"Leaf Curl Complex". The leaf curl complex is causcd by thrips,
mites, white flics and the incidence of virus at a later stage
of the crop. Trials carricd out in several locations have clearly

‘indieutod that the leaf curl componunt duc to thrips, mitcs and

white flies can be effectively controlled by the application of

2 pumber of insceticides. On the basis of this finding, Fchtro-f/
thion, an effuctive and cconomic insceticide with low mamalian
texicity was rocommended with a sulphur component. As seen in

Table 3 these .ecommenda.ions have produced excellent results.

Pulses:

-The pulses include¢ species belonping to the family
Leguninosag which are cultivated for their edible seeds. Becausc
they are high in protein, the pulses provide a major source of
protein in the diet of the rural population, In the Five Year Plan
(1972-1976) priority has been ;iv.n to the cultivation of pulse
crops sinc¢e a high potential for growth exists in this hitherto
neglectdd field. - :

‘Pulses form an important constituent of the daily diet.
A large varicty of pulscs such as lentils, grecn gram, black gram,
cowpea, toor dhal, horse gram .nd peas arce consumed in the country.
A study of the per capita availability of pulses in the country
reveals that theoir =iv rage consumption ov.r the 12 year period
1956~67 was 6,83 kgms. per annum. This aviilability is only about
half of the per eapita nutritional requirements of 12.77 kgms.
per annum (or 35 gram per day). : 7
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In many countri¢s of the world, the-cnhancement of the
quzlity of food throu h a shift to the plant - animal - man-food
chain would not be easy in view of the scarcity of grains and
rapidity of growt. of the population. The animal food chain is too
expensive in te.ms of cn rgy conversion and it is here that there
is an ur:ient nced to develop varictics of grain legumes which are
high in the content of c¢sscnmii:l anluo acids.

Wwith the cxception of lentils and bengal grum, many of
th¢ traditional puls: crops such as gre.n gram, black gram, horsc-
gram, toor dhal and cowpeas can be cultivated successfully in

Sri Lanka. Work at agricultural nesearch Station, Maha Illuppallama

hzs shown that toor dhzl, and a v .ri.ty of cowpcas known as
MI 35 ean be uszd as direct substitutes for lsntils. The duestion

therefore is to formulate a policy which will encourage -

1. The development of these pulses which havi been
traditionally grown in the country.

2. -Phe development of suitable substitutos which can be
grown to replace lentils and chick pea.

Green Gram:

Green gram is the most. popular pulsc crop that is grown
in Sri Lanka. It is traditionalily grown in chenas, mixed often
with cerezls like Kurakkan and Mzize. The cuirrent yiclds of green
grom under ficld scale do not excoud 5 cwts. per acre an. conse-
quently to mect the current demand of 233 thousand Cwits. the totzl
area required for this- crop would be appiroximately 47,000 acres.
It should however be cmphoesizid that this yizld is achieved under
poor management conditions practiced in chena cultivation. If the
crop is cultivated undcr settlel and ir-igated conditions the
yields would be substantizlly greater.

The varictics recommended by Department of Agriculture
are ML--  and ML-2, and thce demand for these varicties has been
increasing. Several recent introductions from India have shown
promisc (annex 1). :

Toor Dhal:

Toor dhal is the sccond major import item in the pulse
group. Toor dhal eczn be ewsily established with the early October
showers during the Maha Season and the crop may be harvested in
January or early Fcbruiry. Our investigations reveal, thit in addi
tion, two ratoon crops ar: possible from the same crop. The
varictivs T64 and T85 huive been recomacnded by the Deportment of
Agriculture .for a long time but they never' bocame populir with
the cultivatora and is barcly grown at present in the country. The

recommended vioricties Té4 nd T85 grew to a height of over 10 feet

and effcetive spraying of insccticides for the control of pod
borers is not possible., The main limiting factor in extending the

cultivation of this crop has been the occurrence of scvere poda = -

borcr damage couscd by a nuaber of inscet species.

The fAgricultural Hesceurch Station, Maha-Illuppallama has
now bred a dwarf variccy of toor dhal which rarely attains a
hceight of 4 foet. The dwarf dhal varicty is a cross between
varietics T64 x Trinidad. This new dwarf strain-cun be described
as the "wender cérop of the dry zone". The outstanding characte-
ristics of the dwarf variety are:-

1. It is an:ideal crop to be grown in chen s of the dry
gong under rainfed conditions. ; :

2. It is very hithly drought resistant ond can withstand
long periods of drought,.

3. The crop can b¢ ratooned at least twice, so that it is
possible to obtain 3 harvests from the same crop.

T
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4, Cinin yiclds ranging-from 3000 to.¢000llbs.per acre per
- apnum hove been obtaincd under experimental conditions.

6 . 5. This -crop can b: grown during the first yecar, sccond
. year or in abargdoncd chenas. g

6. This crop will aid farmers in developing settled systems
. - ' of farming in chenas under rainfed conditions in the
dry: zone., i _

7. The dwarf.habit of the plant pormits effcctive and casy
spraying for the control of pod borers. -

‘8. The .dwarf toor dhal can be a valuible source of fodder
-and a browse plant in pasturcs for dairy cattle.

The new strain has been releascd to the extension service

' lagt year and it has becn readily aeceptcd by the cultivators. In

17 demonstration plots in cultivators ficlas, yields. .ranging from
1000 to 1500 1lbs., per acre have been recorded from the first harvest.

_ ‘Toor .dhal can be dircct substitute for lentils and is
widely consumsd.as a pulse crop. throughout the island.

Ground Huis:

- Improvements in yiclds have been made through selection an
several varicties have been recommynded for cultivation. These
include A.20, £.92, Ugznda erect and Hed Spanish. Recent investiga-
tions indicat:. that seversl new vari-tics have shown promise.

(Annex 1). The results also indicute that the yiclds of ground nut
® con be raised by 100 porcent when tha crop is grown under irrigatiop
The entire production of ground nuts is now utilized for direct
huuan consumption. . ‘
. Soyabean:

‘ Very little attention has been given to the cultivation and
utilization of soyabecan as a pulse crop ¢ven though it is widely
.used as food crop in. China, Japan, Taiwan and other adjacent
countries. Although soyabean h.osbecn cultivatsd on an experimental
scile for o sufficiently long time in Sri Lanka, it did not gain
pupularity as a crop for a number of recasons. These are -

1. Non-availability of varictics which are adapted to
tropical areas. '

2. Lack of technolo ical resecarch in developing the indus-
trial utilization of soyabean us an 0il crop.

5. Performance for othur pulses to the soynbean as a
‘protenncceous crop. i

4. Lack of markcting facilities and pricei .ind-ntives.

It is only during the last three years that soyabean has
assum:d some importance in the cropping pattcrns of, the Department
of "Agriculture. Muny soyabean varictics which are suitable for

. tropical region have been bred and the recommended varietics at :
present arés~ -

TK No.5, Tainung (R1) and Hernon.

X Sri Lonks imported Rs.50 million worth of milk products and
the present 5 year plan (1972-1976) hopus to achicve self-suffici-
ency in milk products whilc meeting the femand for liquid milk
at current levels of pér capita consumption. One of the primary
requirements for any successful animal husbandry prograime is the
availability of high quality food, Ceylon imports a darge gquantity

.0 fish meal as‘a protzin. suopliment for live stock., It is felt
however, that soyabean cake 1ift after the extraction of oil can

. [
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completely substitur- fish mcal when fortificd with the addition

of som. amim.-acids like mcthioninu. according to the Five Ycar

Plan, thc animal food industry will n..d 4600 tons of fish moal

in 1973 and this will increasc up to 6500 tons in 1976. In terms

of soyabcan the quzntitics nceded arce approximatcly 6000 ‘tons in -

1973, increasing up to 8600 tons in 1976. On this basis, thc

acreage ncoded under soyabian will vary from 12000 acres in 1973

to 17000 acres in 1976 to meet the requirements of the animal

industry. This targct can be casily acnhicved if a rcasonable .

price is fixet and marketing facilitics to purch:se the crop at the

village level arc established. With the phenomenal iner.ase in

the price of milk foods in the world markcet, soyabean wus cssumed

special rccognition as a dircet source of protein in the diet.

Much attcntion has also been focussed in recont ycars by v:.rious

institutions on thec production of soyamilik in Sri Lanka. Milk in

unlimited quantitics can be produced from soyabean. One pound of

soyabean sced will yicld 10 pounds of soya milk. On this basis

an acre of irrigatcd soyabean will yield 20,000 1lbs. of milk in

thrce months. The corresponding milk yicld for an acrc of irriga-

ted pasture far the some period would be around 3000 1lbs. and

1500 1b. for turopcon and Indian brceds of cows respeetively.

These figures are bascd on a stocking rate of two animals p r acre.

the European brecds _iving 20 1b/cow/day and Indizn breeds at

10 1b/cow/day. It is estimatcd that 10,000 acres cultivated
annually will produce the short-fall in milk requirements.

Soyabean is the most important legume crop as raw material
for industry. Soyabean is processcd in o varicty of ways 1o yicld
a wide range of .dibl. and industrial uses. On account of thc
composition of its insaturaters, soya oil offcrs spocial usefulnce
ss for the monufacture of hydrogz.onatced compositions eg. margaring
-nd shortcnings for bakcry trade. Soy:bocan is widely used in the
indusirial production of antibiotics bucause it 1is a rich. source
of protcin oil, ¢ lcium, phospharus, iron and scveral, vitamins.
The soyabean sceds are consumcd grevn, dry or sprout.d. The
sceds mre processed to give meat and milk-like products, curd,
chuese or s=uce., _ »

Cowpcas:

Cowpea is an important leguminous crop which 1is grown
widely as a grain and vegetoble crop. Of the two departmental
sclections, Bombay Cowpca and Arlington which arc uscd as grain
crops, the latter has outstripped the former in popularity despite
its lower yiclds. The varicty wrlington hus many of the desirable
qualities of lentils and has been) rocommended as a dhal. substitute
But the scarch for better dhal substitutes led to the cvolution
of a new hybrid known as MI 35 or "lanka Parippu". :

The maturity of MI 35 is urniform anu the entirce crop
can be harvested in onc or two picks, within 60 duys =f.er &
planting. This is an ideal subsiitute for dhal and the- palatabili-
ty and cooking qualitics are id-ntic:l with that of masocor dhal
or lentils. Under good manag ment conditions, yiclds of 1500 to
2000 lbs. per acre c.n be obtained.

Maizs:.

For many years the recommendced variety of Maizc was -
T.48, a local open pollinated varicty but this varicety hos been [»
rieplaced with two promising varicotics namely (1) Thai Composite
and (2) Cupurico X Flint Campestro. The optimum plant population
for these vari_ties should bc about 20,000 plints per acre with
a spacinz of 2%' by 10". Thore is a good response to nitrogen upto %
about 80 1bas., N/acre but there has been no marked response to
I T “ : - :

Sorghup}

- The vari@ty which was recor.cended carlicr was a tall
varicty known as Thambagalla. Redently we have identified .

.----9
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a high yic¢lding dwarf varicty, IS 2941. This vari.ty is becoming
incrcasin:ly popular with thc cultivators. Yiclds as high as
4,000 1bs. p:r acre from the main crop have becn recorded. Another
major advantoge in this variety is that it.lcnds itself to ratoon-
ing. 'wo to three ratoons can be obtained provided thore 1s assured
irrigation. The ratooned crop is also capable of giving gimilar
yiclds as the main crop. At Trinity College Farm, under ideal
conditions a yield of ov:.r 20,000 1bs. per acre por year h-.s beéen
recordsd from the main crop and 3 ratoons. This is an ideal crop
for the fallow rice fields during Yala provided onc or two supple-
mentary irrigation can be given. 4 major problcm in cxtunding the
cultivation of maize and sorghum is bird and stem borer damage.
Losses from thec crop may be as high as 40 - 50 %, The stem borer
a8 been successfully controlled with the opplication of Azodrin
(Annex 4). :

Irrigation of Subsidiary Food Crops:

Under the system of rainfed farming potential, yiclds of
crops could not be realised since this was"muinly . overned by the
total rainfzll rcccived during the growing season and its distri-
bution. Thc crop yiclds may be adverscly affected by the drought
or cxcessive moisture conditions in the soil under rainfed condi-
tions, but the cultivation of crops during the Yala season under
jrrigation would offer the greatest potential for agricultural

production.

_ Study of plant responses in reluation to their water supp-
lies had indicatcd th:t as much as 50% enhanced yiclds can be
obtaincd through irrigation. The stulies also revealed that tae
low available watcr capacity of the rediisierown carths and the
shallow depths of the cifective root zone of most crops, which
seldom exceed a foot, impose some limitations to irrigation
practices in the dry zone. This will imply that light application
of irrigation water is requir-d at mor:c frequent intervals which .
make it difficult to realise high e¢fficiency in irrigation.
practices. The low efficiencics of irrigation, together with
rainfall would cause th. build up of the w-ter table in the lower
areas and th.refore the provision of drainage in thesc arcas is
" essential for maximal production.

_ The growing of subsidiary food crops in the paddy ficlds
particularly the legumes had been successfully demonstrated. The
water requircments of those crops are less than half that required
for paddy. This i's bocause 50% or more of the water losscs from a
flooded paddy ficld is through deep porcolation. Thus the cultiva~
tion of subsidiary crops in paddy fi:lds can render larg:r extonts
to be brought under cultivation with limited supplics of irrigation
witers.

Morz resecarcli work is nccdcd for conslusive:r ciperinental
evidence concerning the bust management practices for high yiclds
of subsidiary food crops grown in difrierent agro-climatic zones
under roinfed and irrigoted conditions. A concesfseteg——md
comprehcnsive res.arch programae on these crops 1is currcntly in

and at the asgricultural Kesearch Station, liaha Illuppallama.

Incentives for Production of Butcidiary Food Crops:

(a) Credit Schemes:

Some of th: crops dealt varli r arc at present supported
by credit schemes. Thesc schemes should be maintained and the
feasibility of c¢xtending the credit schemes to cover other crops
not scrved by credit at present should be carcfully cvaluated.

At the prusent time thure are serious dif:iculties in formulating
credit schemes to cover 2ll these crops. For instance some of
those crops are grown on & small scale and have no recognized
marketing arr:ncements through recognized institutions to ¢n ble
recovery of credit granted. It is not advisable to launch a

P ol L
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credit scheme without saf:guards for recovdry. Thore is also

thz further difficulty thot the cultivation of some of these

crops in themsclves at present levels of management may not bring
‘adequate returns to enable farmers to repay the loans, This -~ -
dif icult  will graduzlly disapoear when these crops are grown

"in o farming system and th. per acre yields increase through the

use of hi h yielding vari ti.s and improved management. In real
farming conditions, a farmcr may nced short turm credit .
for a varicty of farming operations. His ability to repay the .
credit will zlso Zepend on the success with which his manifold
farmning opurations woag;togwthur in his farm. & crcdit system must
there - i ﬁ‘é:ig.ﬂ* ! :‘:éhr.r@ mther than on@ singlc c¢rop. Such

= _credit gchem@eah be evolvel only whun firs plang &wen-gf an
elementary scale are used by the formers,

(b) Extension:

With the rapid changes thot are tiking place in agricul-
tur.l tcchnology, new needs for cducation amon; farming communi-
ties haive now arisen. Short tirm training courses bascd on the
most frequent nceds reccived from farmers such as the eultivatien
of crops, training in the repair and maintenance of tractors and
pumps must be orguniscd for the beneiit of the farmers. The optimum
farm size that a family Unit could handle appears to be in the
region of 2 to 3 acres and a land unit of fhis magnitude cannot bo
cultivated with hand imploments without resorting to mechanization.
The mechanization of agriculture must develop with momentum. The
opportunitics for rapid agricultural advance in Sri Lanka are
indeed great. We have the technical know-how and the will to act.

(e) Orgﬂnizafion for the Supply of Improved Seed_Material:

There is no orgunized institution for the supply of impro- 5
ved varicties of crops with the exception rice and vegetables.
Numerous requests are received from the members of the public for
the supply of scud material of improved varieties. Therefore an »
organization for the distribution of improved se«ds, similar to
thzt of rice is nccesszry. The seed material should be multiplied
in Departmental Farms which in turn should issue the secd %o :
registered secd farmcrs for multiplication as in the casc of rice.

Apart from the above, many other aspects of agricultural
production need considsration. Among them are the small gsize farmi-
ng facilities particularly of pcrishaple frm products, trznsporta-
tion problems insecure markets and tht entire problem of. :
chanelling technical information to the farmers with a view to
improving their farming systems. :
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Annex -~ 1
'CROP RECOMMLENDATIONS FiOM
AGRICULTURAL RLSEARCH STATION
MAHA ILIUPPALLAMA
Crop Name of Date of Source Hemarks
variety release .
Chilli MI Hybdbrid 1862 & selection from
, ; Myliduy x Tuticorin
MI 2 1973 A straight selcction
' from MI Hybrid
Bombay Poona Red 1962 Introduction from
Onion India,
Maize T. 48 Not known Not known
Thai Composite 1973 Introduction from
ey . Thailand
Cupurico x 1973 k
Flint Compesto
Sorghum Thambagalla Not known Not known Tall
: i e : B : variet
IS 2941 1971 Introduction from Dwarf
Thailand - type
Kurakgan - MI 301 1968 Not known
MI 302 1968 i
Toor Dhal T 64 Prior to Introduction from Tall
e : 1960 India variety
8'-10' in
PR e height.
T 85 wdo- ~d0- ~d0=
KI 10 1969 A selection from Dwarf 4'in
: T 64 x Trinidad helrht
Green MI 1 1960 Selection from an
Gram : Indian variety.
MI 2 1960 Local selection
Type 51 1970 Introduction from 2 months
India varicty
MI 3 1975 Sclection from an
Indian variety
Black MI 1 1960 Local sclsction
Gram
Gingelly MI 1 1960 Selcection from an
Indian variety
Ml 2 1660 -do-
LI 3 1960 -do-
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Uganda Erect

A 20
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MI 3
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Introduction
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Indian variety.
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Swect
Potatoes
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MI 35

(Lanka Parippu)
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Introduction
India.
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from

Sclection from

Avlingtoh x Flori-

creamm.

Introd@ction from
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Introduction from
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Introduction from

Japan

Local selection

Creeping
type.

60 days
Bushy
plant type
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Annex 2

FeuTILIZAR LiC0wmA: NuATIONS FOx SUBSIDIARY FOOD CLOPS

Crop Pertion Yield HNutrients rcmoved Fertilizér
analysed Kg/Ha Kg/Ha recommendation
_ Kg/Ha
¥ B K GC& Ig E -2 X
Chillics © Pods 2500 e AR By e 3 4% 35 5N
shallot ‘ | |
Cnion Bulb 13000 4 5 26 5 2 52 22 3
B. Ouion Bulbs 25000 60 9 41 10 4 60 2z 91
_eyabean Seed 26Dy - 364 th—%50 9 6 26 28 =]
voor ihal Sesd W00 85 =406 3 2 39 28 5}
Grewn
Gram Secd 900 A4 210 1 1 26 22 31
Black =
STAT Sezd 1600 59 4 18 2 3 26 22 31
Ground - Shelled : . : : -
at nut 1350 67 4 9 2 _ 26 22+
Cowspes - - ond $500 - 6> -4 2% 3 % 26 22
Maize Grain 3900
Cobd 1300 116 11 154 32 25 o e
Stiver ' .
——————————— -d-.----—-—.—-,-.*.——_-—--——-P'}"}-————-——u—-—---—-o----u----——-—---------———----——-
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Crep Herbicide Dose in Quantity of ‘Time of applica- Duration of Commercial Remarks

! 4 lbs/ai. commercial pro- tion and volume wc:d control names of

M per acre duct per acre, of water per acre from time of Herbicides
¢ ai=active in- _ spraying

| gradient
[ () (2) (%) (4) (5) (6) (7) (8)

B SRR S o o e e e e ot e A e e N0 ST M e g e e e e e e e e e —————
aize Simzzine 50% 2 4 lbs. Pre-emergence 11ix1% - 23 Months Gesatop 50 No effect on
Rainfed or in 40 gls. of water emerged weeds
.wwﬁpmwﬁcau Ramrod 65 4 6 1ha. Pre-emergence mix 4 - 5 we:ks Ramrod Soil must be
/ in 40 mu.“_.mq of moist at the tin
.. water of spraying
porghun Promctryme 506 1 2 lbs. Pre-emergence 3 Wecks Gesagard No effzcts on
rlo Sorghum i mix in 40 gls. ererzed weeds

of watcr
Ltumrod 65% 2 3 1bs. -do- . 3 Veecks Ramrod ~do-

Ground Nut  Linuron 505k 1 2 1bs. Pre-cmergence 2 - 3 Wecks ILorox cr S0il should be
(Irrigated or’ mix 40 gls. of Afalon moist at the tim
Rainfed) water of spraying.

Amiben: 20% : 4 2 gls. -3 0= 5 - 6 Wecks Amiben ~do-
Planavin 75% 2 2% lbs. ~d- 4 - 5 «e.ks Planavin ~do- |
Ramrod 65% 3 4% 1bs. ~-do- 3 - 4 Wecks  Ramrod ~do-

Soyabeans Ramrod 65% 3 4% los. Pre-cmergence 2 - 3 Wecks  Ramrod Spray after Hwnm@
(Rainfed or mix in 40 gls. shower of rain
Irrigatcd) water or Irrigation.

Linuron 505 1 2 lbs. ~do- 2 - 3 weeks  Lorox or
e : -~ Afalon !

Cowpea Amiben 20% 2 1 gal. Pre-emergaence 2 - 3 Weeks  Amiben Spray after firs|
(Rainred or 40 gls. of water shower of rain
Ir.igated)  Linuron 30% % 118, -do- 2 - 3% Weeks  Lorox or or irrigation.

Afalon.,
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MINOR EXPORT CROPS

by

E.Jayanetti, Director,
‘ Departioent of Minar Export Crops and
Director, Agricultural Diversification
Project

INTRODUCTION

In the Government's developuent plans major emphasis has been placed
on the need for improving the country's foreign exchange position in the
‘mediun and lony term projections. This is expected to be achieved by
(a) reaching self-sufficiency in essential conmodities which are presently
being imported but could be produced locally, primarily rice and secondarily
. sugar, cotton and food crops, (b) by reducing the importation of non-
essential iteus, (¢) by imreasmn the exports of agriculturm and other
products,.

Although the bulk of the foreign currency earnings will continue to
accerue from the iiain export crops, tea, rubber and coconut, the jperease in ,
the export of azricultural products is however not likely to come fron :
thege crops and will lave to come mainly fron the perennial minor export erips.

Thig denminatmn in Sri Lanka applies to: Cocoa, Cashew, Mulberry
(for silk), Cimnamon, Papew (for papain), Cardanmom, Coffee, Oil Paln,
Pepper, Futmeg, Clove, Citronella, Lemon Grass, and possibly Pyrethrum,
Cinchona & Vanilla. This list is not limitative, other perennials of intercst
may be adied in the future. These copops have been asgigned to the neuly
forued Departnment of Minor Export Crops under the iinistry of Plantation
Industry. _

- POSSIBILITIES AD PLANS

Stulies done earlier by the Govermrent and in 1971 with UFDP/FAQ
assistance under the Agricultumal Diversification Project of the iinistry
of Plantation Industry, hav: shown the potentialities of certain coops hore
clearly for the Government to formulate development proposals under the
Five Year Plan.

Cocoa ~ Over the next 10-15 years thé world cocoa production is
exsectad to increase about 3.5% per annum close to the rate experienced
in the past, at a price projection of 25 U.S. eents per 1b. far cocoa
beang. Sri Lanka's present production would only represént about 0.5+
of projected world prodic tion and would therefore not be exposes to
any demund conftraint for a very large increasing output.

Cashew = The world consunption could expand in the next few years at a
yearly rate of 10-12%. In fact, the estimated world supply shortfall
of Cekhew kernel Yty 1975, 25,000 to 50,000 metric tons is equiyalent
“to the production of nearly 480,000 acres of Cashew trees in fuil
bearing sge.

Mulberry (silk) - It has been estahlished that silk is a f:.bra

with a future and that its demand cannot be fully met even if the
world production were to doutle itself durinz the next decade or so.
‘FAO gtudies clearly reveal ‘that the threat of matural silk, if at all,
will not be from synthetics but could be due to its own short supply
~in the world market. The threat of a gradual decline in production
has been obvious in Japan whick accounts for over 50% of world
production on raw gilk. This is to be expected as a natural
consequence of the shift from agrarian to urban based industrial
econonly in a developed country like Japan.

Cimnamor - Sri Lanka produces 60% of the world supply of Cinnamon.
The export of cinmamon in the traditional form of quills is not
expected to increase substantially. The best prospects appear to
be a demand for high quality oil from adulteration; Cinnamon

Bark Oil is more valuable and ig relutively free from the threat
of gynthetics.
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Citronella - Production could at most be maintained at the lewvel
permitting export at the present level of 200 toms. The demand
for Ceylon type Citronella oil has declined durinj the last decada
while that for the Java type has inceeased but here azain there
has been a slackening as the result of the spreading use of
synthetic substitute. The beat prospects appear in producing an
0il of high quality and also in fractioning of its moce valuable
constituénts.

Clove - Although Clove prices are at present very high, longer tern
expansion should be congidered in the context of nore normal supply
conditions of clove price of around 40 US cents per 1b. Any production
fdpanzion undertaken should be on a dixed crop basis to avoid
dependancy of small holders on a single crop whose earninzs may :
fluctuate congiderably. However, the prospectz for Sri Lanka clove

is good because of its better quality. For cloves as well as other

oil producing crops as Mutmeg, the best prospects are in the production
of distillates and of oleo-resins.

Coffee - There is at present no excess production over demand.
Expansion in coffee production seems to be reascnable since output
. in Sii Lanka will have no impact on the overall supply situation
on the worlc market. With the collapse of the International Coffee
Apreement liarket access in importing countries has been broadened.

Pepper - The long term outlook for the world trade in Pepper is good
caused in particular by declining supplies from disease attacked vines
in Indonesia. In addition, the Pepper Coamumnity is expected to exert
a danmpeniny effect on the substantial fluctuations in annual supplies
accompanied traditionally by subsequent fluctuation in prices.

Cardamoms - Prospects for the production of cardaumong are favouraktle
since output in wirus disease struck India is gtill congiderably
below former levels. Competition with Guatemala on the quality
market in the Middle East, however, is anticipated to become stiffer.

0il Paln - The present possihility of replacing coconut oil and
tmports of other oils and fats by palm oil in the home economy
has been put‘at about 15,000 tons. This output is. from 8000 to
10,000 acres. The substitution of coconut oil locally will
enable the release of a larze quantity of coconut oil to the
export market, but should palm oil fetch better prices, its export
could be equally easy and profitaile. :

Papaw (Papain) - Because of the uses of Papain in the meat and
beer Industries and owinz to the lack of large prodiéction progranmes
slsewhore, the prospect of papain are considered good.

For pyrethrtm, Cinchona and Vanilla, the prospects for the natural
products are reported very good as against the present synthetic
sutstitutes.

Based on these studies and beeause of protlems that the major export
crops are facing, government now considers that the developaent of minor crops
a vital aspect of its development stratezy. The development of such crops will
reduce the nation's dependance on tea, rubber and coconut for a large slice of
its foreign excharge earnings. It is a form of insurance against the vicissitudes
+f international trade. Also, particularly in the context of development of
high yielding strains of tea, rubber in the face of slow ex ing world markets
there will be some land freed from relatively uneconomic tea and rubber which in
termz of land capability would be more suitable for ithese minor cpops. The
development of these crops could considzrably increase yural incomes and generat.
new enployrent., -

The Fiye Ygar P -

-

‘In this context the Government has adopted the following developpent
programme of these crops as a part of the Five Year Plan. This programie
envisages an incresse of the area under crops as well as intensification of
cultivation of the existing plantings, depending on the future prodwstion
prospectgt - * : :
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3 Crops = : Acreage planned for :
New Re-, - Rehabili- Fertilizer
. . . planting planting tation -, application
GOG'O& 10,000 43500 1',5% 10,000
Gashew 25,000 - 3,500 3,500
Coffee 10,000 o - -
Myl berry 10,000 - = =
Oil Pﬁ].m . 5;000 bz - -
Papaw 2,500 - =
Cinnamon ' (4,3000) 5,000 . 5,000 25,000.
Cardamom 6,000 - 5,000 -
Cloves 5,000 - 2,000 . -
Nutmeg ' 2,000 < - -
Pepper 10,000 % 6,400, 1,500
~ Citronella g % 15,000 15,000
Lenon grass . 2,500 e s =
: 92,000 - 9,500 38,400

The fmplementation targets for the crops ‘mentioned are fulfilled through
the followin: Agsiskance Schemses for th. different crops, which'are

operated by the Department of Minor Export Crops:-
NEW PLANTING, REPLANTING, REHABILITATION AND MAINTENANCE

New Planting = for lands which are being cultivated for the firgt time
- with recommended crops.
Replanting ~ vhere existing crop is very poor due to senility but the
o . - conditions are good for plantin; the crop over agzain.
Rehabilitation - where there is some amount of good bearing plants but the
; poor plants need replacement.
Fertilizer Application in existing cultivations

The Assistapce will be in cash or in kind

In Ca?h
; a) Subsidies or grants are payahble in instalments by the Department
of Minor Export Jrops.
(B) Long-term loans payable in varying jnstalments by the Peoples'
Bank and Rural ‘Banks. Repayment is scheduled only from the year
when the borrower earns an income from the cultivation. The loan is
thereafter repayable in 5 annual instalments. The rate of interest
is subsidised. :
In K;? : :
a) Free planting material, from government to government approved
nurgaries. :

(b) Fertilizer at half cost. : % -
(c) Free Agro-chemicals (Pesticides), where there is an outbreak of
disease. =
Thisg assistance is available to persons who have applied for assistance

and are permit holders of the Dept of Minor Export Crops.

- In the case of installation of new units for extraction of essential
oils and -oleoresins and reha.ilitation of existing plants, it is propossd
to give financial assistance as grants after evaluation of each project.

e ‘The Peoples' Bank will also consider grant of loans in these cases.

v - At present, this assistance applies to the cpops mentioned in the
above table. However, continuous studies are being made to identify other
crops and hence the current list should hot be considered as final. ;

RELEVANCE OF RESEARCH

In order to carry out a development programne of themmgnitude
propoged, it is essential to have sound research support by providing
superior planting material, suitable fertilizer nixtures for the different
erops, nethods of pests and diseage control and superior kmowledge of tho
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culture of the crops and processing techniques and quality standards to umeet
tre International Market requiredents. It 1s very necessary to get

optimum yield of crop in relation to resource inputs, at the lowest possible
unit cost- of production to enable to be competitive in the world market.

P % e et L
Unfortunately, little research or experimental work has been performed -
locally on minor export crops in the past. TIn the 1930s and 1940s, the
Dept of Agriculture carried out prehiminary trials in introducing crops
1ike Pyrethrun and ‘einchona, and also did studies on cultural aspects of
Cocoa, fertilizer experiments on Citronells. But these were not carried
t> conclusion. In the 1960s introduction of improved coffee varietlies
(5-274 and S-795) and a numier of varieties of Milayan and Upper Amazon
Cacoas were done. 1t is surprising that even a crop like cinnamon. which
sup;lies 60% of thé world requirements hid mot got any significant attention.
This meagre attention given to minor crops research was perhaps due
to the reason that the emphasis, at that time, was-on tea, rubber and
coconut (and latterly on paddy). This is understandable on the basis d the
economg of the country which was dependent on these crops and becanse of
the paternalistic attitude of the government « the time for the nain
export crops. :
However, the minor export cpops have been grown in this country for

~many years. There is promising local material and some local expérience

to make a start with the programie.

Pro Rege i

Simultaneously with the initiation of the development programme it has .
however, bocome neceszary to ¢ omaence on a comprehensive Research Programme.
We have therefore taken action, under the Ministry of Plentation Industry,
to organise a separate "Project on sdinor Export Crops Rasearch & Experiment-
ation' to ensure that the required programme of research and experimentation
is carried out, on a priority basis.

Although it would appear desirahble to create and supaort a full pledged
Institute for workin: on these crops, we are not in a position, pregently to
do so, The Dept of Minor Export Crops is not staffed yet to undertake its
own research and investigations. The solution adopted is to make the naxinuz
uase of all the facilities and personnel already available in the commiry,
within the framework of a co-ordinated programme of work. This means that
the existing Institutes such as the Central Agricultural Regearch Institute
which is already handling most of the crops, the Tea Research Institute,. i
the Rubber Research Institute, the Coconut Research Institute, the Ceylon
Institute of Scientific and Industrial Research, the Faculty of Agriculture
of the University of Sri Lanka and the Minor Export Crops Dept will take up
part of the investigation on the crops and it is proposed that each body
takes full responsibility on the execution of the Research and Experimentation
Prograrme on the crops assigned to it. The Minor Export Crops will be shared
between these Institutes, at present, as follows:- :

TRI - cardamon, pyrethrun, cinchona; RRI - oil palm, ramie;
CRI - cashew; CARI - pepper, cloves, nutmeg, cinnanocn, vanilla, citronella,
papaw (papsain); University of Peradeniya, Faculty of Agriculture - lemon grass;

Minor Export Crops Dept - cocoa, coffee (arabica and robusta) including their
processing.

CISIR - Research on the processing and/or analysis of the cppps or raw
products, with emphasis on essential oils ‘and oleoresins., (At an earlier
session of this Symposium Dr R.0.B.Wijesekera read a paper on the '"Industrial
Uses on Minor Export Crops'. The work referred to in that paper is part of
the activities that has been assigned to the CISIR under this prograume) .

In Mdberry (Sericulture), the programne of development and research
warrants special attention. Therefore, a special project with UNDP/FAO
~sgistance has been set up separately to fulfill these needs; it is functioning
under the Dept of Minor fxport Crops, with its Headquarters at Pallekelle.
URDR/FAO Agsistance : s : :

This Research and Experimentation project is supported by UKDP/FAO, which
will provide foreign eperts where local experience is lacking e.g. in cocoa,
eaffee and short tern Congultants in other activities auch ag oil palm
production and processing of minor export crops. In addition necessary equipment
ne matorial will be provided by the UNDP/FAQ all costing £425,000, This UNDP

~sigtance will be for 3 years.
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The loeal personnel required will be recruited by the Dept of :
Minor Export Crops and will be lent to the Institutes as required. Financizl
provisiong for the carryinz out of the experiments will also be provided under
the Dept of linor Export Crops. A main research gtation (at tiatale) and
sub=gtations in the different agro-clinatic zoneg are being established by
the Dept of Hinor Export Crops where already land facilities for experiment-
ation are not availahble with the Institutes at present. In the fields of
Plant Patholdzy, Entonology and Soil Science, this Project will however
rely heavily on the co-operating Institutes.

. Ag mentioned earlier an UNDP/FAO supported Sericulture Project is
functioning separately and providing the necessary experts and equipment
for the Sericulture progranne. The UNDP/FAO Sericulture Project is for
two years an the financial assigtance provided is US $#275,000.

S jng Cor

The overall responsibility of the prograue of research and
experirientation »n Minor Export Crops will be with the Standing Comittee
under the Ministry of Plantation Industry. The collaboration of the
Institutes and other organisations as well as the allocation to them of
specific activities and of crops is governed by this comuittee, the
conposition of which is as follows:i- .

Secretary, Ministry of Plantation Industry — Chairman

Director of the C.A.R.I. Dy.Director (Research) of Dept of Agriculture

Director of the T.R.I. : : . ME et

Dire:tor of the R.R.I.

Dir:ctor of the C.R.I. :

- Dircetor oi #“inor Export Crops

Dy. Director of Agriculture ?Extension) :

Representaiive of the Faculty of Agriculture, University of Sri Lanka

Chief Aiviser of the Project and his Counterpart Project Director

as well as the _ - '

UNDP Resident Representative and s : :

Senior Agricultural ldvisor/FAO Country Representative are also

repregented on this courrittee which serves the purpose of
the project Steering Committee.

The Senior Advisor of the 4,ricultural Diversification Project is also
co-apted to this committee to liaige the activities of the Agricultural
Diversification Project and the finor Export Crops Research Programme.

Lineg of fction . ; :

The Research and txperimentation project will undertake all the
necessary -investigation on minor export cpops in order to define the proper
cultivation and production techniques; carry out the selection work and
‘produce iriproved planting material for higher yields and resistance to
pests and diseages; recomnend methods of controlling pests and digseases;
establish proper processing techniques of the raw material and demonstrate
: the!a. » - ; i

The iaportance of a system of cultivaiian, whether as a plantation
‘or ag a small holdinz in the form of a mixed garden, is relevant to this
prograise. These studies are being undertaken by the UNDP/FAO supported -
Agricultursl Divergification Project for the replacement of uneconomic
tea and rubber with nore profitahle crops. 5T,

The extention of thé research findings will reach the farmers and
estates through the field staff of the Dept of Minor Export Crops. _
Denongtration and experimentation in the growers fields will be carried out
along with the extension programme so that the research findings eould
gimultanesudly be tested in the field. : '

Government intends to support the research and e#perimentation work
on minor export cpops continuously and it ig hoped that in due c?urse.the
nucleus that is now beinz set up with UNDP/FAOQ assistance will grow into

a permanent 'Ressarch Institute' on Minor Crops.

= -







. C.A.A.S. SYMPOSTUM QN CURRENT SCIENTIFIC

" RESEARCH AND ITS RELGVANCAE TO DEVELOEMENT
% ~ "RESEARCH ON TEA"

; : : - by

&£ S : : M.A.V. Devanathan

Director, Tea Research Institute, St Coombs, Talawakele

The Téa Research Institute of Sri' Lanka was founded in the year 1925
-after a prolonged agitation by the Planters’ Association for a research
institute to service, train personnel and carry out research for the tea
industry of Sri Lanka. ~ At present the TRI is the premier research
institute for the tea industry of the world.

. The institute started off with a temporary laboratory at "Lynfield*

~ at Scrubs Estate, Nuwara Eliya. In 1928 St Coombs Estate which now
houseés the main laboratories was acquired. In 1935 Gonakelle Station was
established for entomological studies and in 1961 the Low Country Station
was established. Since then a clonal testing station was opened at Kottawa
in 1963 and in 1964 a Mid-Country Sub-Station was set up at Hantade, Kandy,
and a second Uva Sub-Btation was opened &t Agratenne. -~In.1972 work was

* started on newer laboratory facilities at 5t Coombs. The TRI network of
stations covers the main agro-climatic zones for tea in Sri. Lanka, with

. St Coombs covering the Up' Country, Hantane Station the Mid Country,
St Joachim covering the Low Country with the Uva district being serviced by
two Sub-Stations at Gonakelle and Agratenne. : s '

It would be useful to summarise the achievements of the TRI todate.
In the first instance the TRI developed the now famous TRI 2020 series
clones which form the backbone of the tea replanting programme.
’ : Techniques of vegetative propagation of these clones were also perfected
by the TRI enabling the large-scale commercial production of nursery
_plants with almost 100¥% success. ; :

e ~ *  Fop the nutritional requirements.of tea, the TRI has carried out
' extensive studies on the levels of Nitrogen, Phosphate and Potash required.
~In this connection it may he noted that the first statistically desighed
fertilizer experiment in the world was set up at St Coombs by Dr Eden in
1931 and this experiment is continuing to give useful results.

In the area of crop protection TRI's research work illustrates the
many types of pest control techniques which are available. In the first
instance Blister Blight, which could have wiped out plantations in the
same way as Hemileia vastatrix destroyed the coffee plantations, was

; - stemmed by chemical ,control. The ravages of the tortrix caterpillar were
eliminated by the introduction of the parasite Macrocentrus homonae, a
classic example of biological control. The infestation of tea with -
Shot-hole Borer particularly in the mid country is being managed by cultural
control methods, and in the case of the low-country livewood termite both
chemical and cultural control methods are being applied. The fungal

- disease Poria hypolateritia has.g'en kept in check by technigues of soil
fumigation developed by the TRL{ﬁiing D-D and Methyl bromide. For the
control of nematodes both Methyl bromide and Chlorine gas has bfen found to
be effective. The above examples show that the TRI is engaged in a :
continuous study of all aspects of diseases and pests and using a wide
spectrum of techniques of control. ' ‘

.Y . The original scientific divisions in the TRI Were Plant Physiology,
Plant Pathology, Entomology and Technology. The Technology ‘division was
-expanded comsiderably in 1960 aleng with the establishment of the
Biochemistry division. - glthough a new divisiom, this has made significant
contributions to the technology of tea not only in the intensive study of
orthodox operations but also in the development of ndwer products and
- machinery. As an example of inter-institutional c6llaboration the TRI in
collaboration with the CISIR developed a successful process for the
preparation of hot-soluble instant tea, which' process-is now being
exploited by CeyTea Limited. The latest achievements of the Technology
division is the development of the fluidized bed dryer for tea. The main
advantageous of this drier is that the capital cost is reduced from P.f [o)
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roughly B 125,000 per drier to something like s 70,000 for a drier with an
output of 600 1lb made .tea/hour. Lven more important is the economy in
operating expenses. Thus whereas the conventional ECP drier would yield
anything between 25-35 1b made tea/gallon of fuel the fluid bed drier can :
*give as much as 60-65 1lb made tea/gallon of fuel. The fliuid bed drier with-~ g
minor modifications can be adopted for the drying of desiccated coconut,
Spices, rice and even crumb rubber, where the economy achitved in drying
costs may make a significant contribution to the competitive position of
these products in the international markets. The Technology division in .
collaboration with the Biochemistry division is currently carrying out
research on cold-soluble instant teas. It is also engaged in the study of
CTC tea manufacture, green tea manufacture and the development of newer
machinery. ; ; = = : '
The Biochemistry division is also studying by-products of tea such as
tea seed oil, sapponins from tea seed, tea seed meal, caffeine from tea :
and food colours. This division carries out basic studies on the
- mechanisation of photosynthesis, translocation of fertilizer uptake ‘and
~mechanization of fermentation, using modern analytical techniques including -
isotopic tracer techniques. g

The research findings of the TRI are communicated to the planters
and to the scientific community of the world in the form_of books,
monographs, bulletins, advisory circulars and the Tea Quarterly which has

a record of 42 years of continuous publication.

It would be useful' at this stage to discuss the benefits accruing
to the dndustry in more quantitative terms. Since it is fashionable to
talk of the cost benefit ratio of a project it seems to me appropriate =
to carry out a2 similar analysis for the TRI. ' Let me take one segment of the
TRI research programme, that concerncd with replanting by vegetative- g
propagation technigques using the TRI 2020 golden clones. The tea v
replanting programme got off to a start only as late as 1960, and increasing
rates of replanting are envisaged. By replacing the o0ld seedling tea which
averaged ‘in yield around 1000 1b with the'néﬁpr clones giving as much as
2000-600U -1b per acre, over the years since 1960 an extra 200 million e
pounds of tea has been made available, for export. In ether words this “
programme has given about s 400 million in foreign exchange to this country,

If we také the ©overall acreage in tea which approximates 600,000
we find that since the post war years the production has doubled on the sanme
acreage dug entirely to the fertilizer programme and other cultural :
practices recommended by the TRI. This has ¢nabled Sri Lanka to become the
world's biggest exporter of tea in 1965 overtaking' India. This extra crop
made available o the tea industry as a result of the fertilizer management
practices has yielded almost 3500 million pounds of tea worth about
ks 7000 million in foreign exchange. The total expenditure incurred in
running the TRI since its. inception is a mere R 70 million. Thus an overall
cost’ benefit ratio of 100 i 1 is I think a unique record as far as research

. institutions go. It is of course impossible to gquantify the benefits

accruing to other tea producing countries which closely follow and study
the TRI's research publications. : ' :

4 =
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The success of the TRI in giving advice-of a ‘practical nature to, the
tea planters is due largely to the very close contacts it has with the tea
industry, permitting maximum feed back of information. This close link
with the industry has naturally led to stressing of research on immediate
pressing problems. The research strategy of the TRI has been therafore

_to resart to extensive field cxperimentation and in 1967 there were 40O
istatistically designed experiments laid out, of which 300 were located on ‘
itsgown stations, and a 100 in commercial estates. This strategy has been
remarkably successful in enabling the TRI recommendations to be tailored
to suit various agro-climatic zones and 2lso to demonstrate to the planters

" in a practical way the benéfits of following TRI recommendations. This
type of short term field experimentation strategy did also suit very well .
the composition of the TRI staff which was manhed at senior staff level
largely if not entirely of expatriates with lower rungs of Ceylonese
technicians and estate labour providing support. The middle level was
probably conspicuous of-its absence. The wide disparity in capabilities
and powers of comprehension of ‘the staff mecant, that if the senior staff
left the country on completion of their contracty there was no body of

..;/3.
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.persons who ﬁould act as a repository for the knowledge gained during the

period of thHe service of the expatriate expert. It was therefore
imperative to Ceylonize the sciontific staff at the research scientist
level and upwards, in order that knowledge gained. in this country continued
to be available for the progress of éubsoquent research programmes. The
Ceylonization move was initiated by Dr Joachim around 1960 and at present
the TRI is manncd 100 percent by Ceylonese staff consisting of 18 doctors,
6 masters, 26 bachelors and 19 technical assistants with a large labour
force drawn from the estatée from time. to time. The Ceylonization of the .
staff permits study of problems in depth, since there is no necessity to
produce results of a tangible nature to Justify ones contract period. The

‘research strategy which is now: being adopted by the TRI is to place greater

emphasis on laboratory and green house experiments because major break-
throughs can come only from intensive laborastory studies. The new
laboratories now nearing completion at St Coombs for these developments

will comprise some 32,000 8qe £t of which 22,000 sq.ft will be reserved
for new laboratories. This will augment the existing 18,000 sq.ft of

laboratory space, exclusive of the Technology division space. Provision
has-been made in the new building for a Residue labotatory, a Flavour
laboratory, Isotope and electronics laboratories, a biocontrol laboratory,
a formulation plant, a green teg factory and a tea machincry testing and

development laboratory. :

Thé,finances available for the pursuit of this programme is

_therefore a matter of paramount importance. The TRI is funded by a Cess
from tea exports which stood at 0.1 cent in 1925. It has been subseguently

raised to 0.3 cents in 1940, 0.55 in 1954 and stood at 1.00 in 1961. At
this level it gets- an income pf approximately % 4.5 wmillion and an
additional Bs 5 lakhs from the profits from its estates, sale of clonal
cuttings ‘and green leaf. These resources amounting to s 5 million per
year would have been adequate for finamcial self-sufficiency some 10 years
ago when the cess has been doubled from 0.55 cts to Bs1.00. Since' then the

- ¢ess has been static and in the last few years due to the severe drought

experienced exports have declined. Simultancously with increasing costs
profits of the TRI's estates have 2lso diminished and the increasing cost
of supplies, fuel, motor vehicles and staff salaries have led to a very
severe financial crisis.” This has forced the TRI to prune drastically

" many items of expenditure, including expenditure on estate experiments.
Unless substantial financial relief is forthcoming it will not be possible
. for the TRI to give the service it has given the tea industry since its

inception., I believe the time is ripe for a doubling of the cess for
research from 1 cent to 2 cents. per pound of tea cxported.

X






DEVEL®PMENTS IN RUBBER RESEARCH
by

3 Dr 0.S.Peries, Director, Rubber Research Institute

The work of the Rubber Research Institute can be conveniently divided
- into two sections: the Biological and Chemical Technology. The Biological
regearch is geared to developing planting material i.e. high yielding,
disease resistant and will grow in the various soil and climatic conditions
available in the rubber growing districts of Sri Lanka. The research in
Chemistry and Technology is mainly concerned in improving present methods of
~ production of raw rubber, developing new uses for Natural Rubber (NR),
developing technological know-how for the production of industrial goods,
both for the home market and export. : :

There are 4 researcn Departments, namely Botany, Genetics & Plant
Breeding, Plant Pathology and Soils Chemiatry, dealing with the biological
aspects of tlecrop. To state it very briefly the sum total of the achievemeris
of thege Departments from the inception of the Institute is the increase in =
the per~acre yield of rubber from the 3 - 4 hundred 1bs. in the early days of
rubber planting in this country to the level of about two thousand 1bs. at
pregent. We now have clonea with a potential to yield upwards of about
3000 lbs. per acre. This has been made possible by the co~ordination of the
research work of the four Biological Departments.

In the early days of the rubber industry, the development of high
~ ylelding clones depended entirely on selection of high yielding trees and
multiplying from them by bud grafting methods. At present, carefully
controlled hand-pollinations are carried out in high yielding disease
» resistant material of known potential. It has been established that both
s ~ high yield and disease resistance are heritable characters in rubber. The
recently developed RRIC clones of the 100 series e.g. RRIC 100, 102 and 103
have the potential to yield over 3000 lbs. per acre and/or are registant to
both Oidium leaf disease and Phytophthora diseases. There is a possibility
that these clonesg, being high yielders, may be prone to Brown Bast, a
disorder known in high yielding clones. This is where the Botany Department
comes into the pieture, with the adoption of the correct tapping systems
for each clone. Apart from thig the Botany Department is concerned with the
development of correct nursery practices, selection of suitable stocks for
bud grafting and determining the optimum management of field plantations.

The Plant Pathology Department of the Institute is concerned with the
.control of the diseases of the rubber tree. In this regard, the Department
has made a significant contribution to research on plant disease control in
this country. It is normal for Pathologists to control diseases by the use
of fungicides. At the Rubber Research Institute we tackle the problem, first -
" by a careful study of the biology of the causal fungii. We also study the
mode of infection of the rubber tree by these fungi i.e. the type of organ
that is infected, its stage of development, the weather conditions that are
conducive to rapid infection. We found then that the former method of
sulphur dusting for Oidium leaf disease control was not necessary on all
elones and in all areas. We issued recommendations on this basis and at
present the expenditure on Oidium control has been drastically reduced in this
“eountry. Likewise in the control of Phytophthoradiseases we found that the
weather conditions prevalent in this country by themselves militated against
the diseages with the result that no economic damage was done to the crop.
On the basis of recommendations made on these studies, the control of Phytoph-
ol thora leaf disease is not carried out in this country, at present, and as far
as Bark Rot is concerned very little expenditure is imcurred as fungicides
are applied only in certain districts during certain specific periods of the
year and general crmbrel ts effected by ensuring that trees are not tapped
$ whete vflOTe 18 suriace moisture on them. These innovations in digease
control and those recommended for the control of other diseases of the rubber
tree have reduced the expenditure on plant protection in rubber from about
5 cents per 1b. to about 0.5 cents.

.In the Soils Chemistry Department, our recent studies have been
directed. towards the development of techniques for the recommendation of
fertilizerg for rubber, based on goil and foliar analysis. We are hopeful
that_this method would result in significant savinzs for the industry, as:

o 1 LH = Handing = 3 sate
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clement in the leaf to a certain norm, which on the basis of a grét deal

of collected data we consider tobe adequate for the tree to produce the

amount of latex it does. We will be making a start on this method of ferti- ‘
lizer recommendation in 1973, on a modest scale and increasing the area for

treatment in the nixt few years, to cover the whole of the rubber growing.

area in this country, in the next few years.

What does the future hold for research in biology for rubber? What .

" is the type of work that we will emphasise in future? It is an economic 5

fact of 1ifc that money in the hand today is much more profitable than

“money in the hand next year or twenty years hence. Therefore, the Institute

will spend its efforts into producing early maturing clones which will reach

peak yields rapidly and also to developing nursery practices that would enable

plants to be transferred to the field at a semi-mature stage in the form of

stumped buddings or poly-bag plants. These could come into tapping in three

years from the time of planting in the field, which would mean that we are

saving 3 = 4 years of the field life of the tree, before it comes into bearing. B

We have made careful studies on this subject and have concluded that the

expenditure in maintaining plants in the nursery should be very much lower

than in the field, so that the method is feasible under Sri Lunka conditions.

It is a characteristic of the rubber tree that it comes into bearing
after about 6 - 7 years in the field, takes 3- 4 years to reach peak yields and
that the yield declines after about 14 years of tappibg: If we can jack up
the yield at the point where the curve dips, then we should be on to something
good., This is where Ethrel yield stimulation comes in. Theré has been a
question mark over Ethrel for some time now, but we are in a position to make
a firm recommendation for its use at this stage. Ethrel can increase yields
by over 100 per cent and to expect it to yield at this high level over a long
period of time is unreasonable. Our thinking on Ethrel has always been fraught
with caution and we have felt that if we can get a 30 - 40% yield increase on a .
long term basis with stimulation, we should be doing well. Therefore, we were
looking out for the correct methods of using Ethrel and we now agree with the
results obtained with this material in Malaysia, that the correct method would
be to combine its use with lower tapping intensities, around 67%. In my recent -
vigit to the Rubber Research Institute of Malaysia, I found that they are using
a now method of Ethrel application i.e. %o apply the materiel on the tapping cut,
after the removing of the panel scrap, with a small paint brush. The effect
lasts for 2 — 3 wesks and is extremsly economical on the use of Ethrel. We will
be testing this method in the nsar future and making the necessary recommendations.

The study of the chemistry of raw rubber manufacture hag been the forte
of the Rubber Chemistry Department of the Institute over the years. Rubber
Technology is a new trend fa the Department. However,; the Rubiuer Research Board
decided a few years ago, and very correctly, that the Institute must give a lead
to the indusiry in Rubber Technology. Therefore, with the assistance of
Professor Gerald Scott of the University of Aston in Birmingham, we have revamped
our Research Programmes for the Rubber Chemistry Department, gince 1969, and
i7e are now geared to carrying our a considerable amount of studies on Rubber
Technology, with the intention of increasing the areas of the usage of rubber
and assisting rubber based induciries in technological processes.

The most significant change that has occurred in the rubber industry in
the recent past has been in the production of Standard Natural Rubber or New
Process Rubber. In the old days latex was taken out of the tree, coagulated by
the addition of acid, pressed into gheets of one form or another, dried for
7- 8 days in hot air or natural air drying chambers, baled roughly, and exported, :
srading the material visually, without any regard to its technolo:ical proper— 6
tieg. New Process Rubbers are different, in that the coagulated latex is broken.
up into small particles, like pebbles, dried rapidly in hot air .produced
by an oil fired or electrically operated burner, pressed into 70 1b. bales in a
hydraulic press and sold to exacting technical specifications, so that the 3
consumer lnows the quality of the matericl he buys, and he could select the.type
of material he requires. 1 repeat that thic is a gignificant innovation of the’
successful competition of Natural Rubber uguinst Synthetic Rubter.
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I know that everybody is interesgted in the price of rubber and it

behoves me to say a féw words about this aspeect of the industry. Our research

has revealed that the world would require about 17 million tons of elastomers
by 1980. The Synthetic Rubber industry too hag carried out a survey and
concluded that thas the world requirement of elastomers would be about 15
million tons in 1980. At present the share of NR in the total rubber market
is about 33%. Here again NR research has established that our share of the
market would be around 43% in 1980. Therefore, even if we accept the lower
figure of the Synthetic industry, by 1980 the world would requirc about

6 million tons of ¥R. If the NR industry does not produce this, the gap

'will be filled by SR. When you consider that the world production of NR,

at preseni, is a mere 3.6 million tons you can gauge the potential for MR
in the f}ture - the requirement is for us to double our present production.

Another important aspect of the rubber industry is the difiiculties
that the synthetic pubber industry is facing at present. The price of the
monomer that goes to produce Synthetic rubber is increasing, because the
monomer is a by~product of the petroleum industry and .the price of petrol
is rapidly increasing all over the world, thanks to the policies of the
Governments of the Middle East. I also have had, on good authority, that

the sources of petroleum are drying up all over the world. This will further

increase the price of the monomer. The second factor that affects the
Synthetic industry is the cost of machinery and spares. Many of the
machinery in the Synthetic plants which were opened in the late 1940s arve
now either cbsolete or require a great deal of repair. The cost & new
machinery is prohibitive. The third factor is the cost of labour, which is

g0 high in the Western countries and in Japan that they are moving over to

areas where labour is cheaper. Finally, the problem of pollution has to be
reckoned with. The Synthetic Rubber industry is a pollution producing
industry, whereas the NR industry is one which purifies the air, as the
rubber treé takes up carbon-dioxide and gives out oxygen. It should also
be noted that the latest innovations in the tyre industry, the radial

ply tyre, uses 15 - 16% more NR than the original tyre. Therefore, all

in all the futyre for the Natural Rubber indws try is extremely bright and if

_ at all thé prices for matural rubber will be better in the 1980s than it is

at present.

I ghould like to end this brief address by making a plea to the
Government of this country to encourage rubber based industries in this
country. I do not see why we should export the only industrial raw material
we have in this country, to other parts of the world for them to make
industrial goods and re-export them still to other countries. We should
earn mich more foreign exchange by doing it ourselves.

Thank you.

J
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RESEARCH ON COCONT?T

By

Dr, #W.R, N. Nathanael
Director, Coconut Research Institute

(Paper presented at the C.A.A.S. Symposium - ""Research in
Agricultur®. and Animal Husbandry® (17th August, 1973 ).

FEEERRKE

From the agricultural point of view the cultivation of the
coconut palm has received considerable attention in the different
countries where it is prowR. Of these, the coconut industry of
Sri Tanka can claim pride of place as being among the first in the
world to establish an agricultural research institute for the
prosecution of research for an industry comprised predominantly of

small-holdings,

Being a highly ramified !l/gri-Indudtry' embracing the production
and technology of a series of important products, the coconut industry
is of major importance to our economy. It occupies abont 1.15 million
acres - the largest extent of the three main plantation crops.' Of this,
705,000 acres consist of holdings less thah 20 acres in extent and is
an industry in which the indigenous people have the largest interest.

In a way therefore, every improvement to the industry would permeate

through the whole economy of ‘Sri Lanka.

Though the industry has greatly expanded since its commercial
inception, yet in terms of overall land use it yields the lowest
returns. It is being plagued by stagnant production (combined with
increasing local consumption), low quality of some of its products
and inefficient market performance. These problems, if solved, could
doubtless contribute'substantially to the health of the industry and
to the vigour of the economy,. It is known that the older production
BooR nahcgenont. praciisee, habe les coniribhted s Tho-fed Hgdickiviey
Apart from the fact that external forces to a large extent determine
many of the domestic marketing conditions, the lack of a production
oriented policy combined with inadequate exfension activity has

probably retarded the efficient'development of the industry.

In view of what has been adumbrated above, if research on
coconut is to be responsive to the needs of the industry it is a
sine qua non that it shauld be integrated effectively with appropriate

extension techniques and farmer education,

Though it is a statutory requirement that the activities of the
Institute should include technolapical research for by~-product deve=-
lopment, utilization and industrialization, it has been rccognized

-
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that for the industry to remain viable the twih problem of increasing
productivity of coconut lands in terms of both yields and profits

is the one that recuires high priority.

A recent survey on Land Use has revealed that only about 50,000 .
acres out of the land yet available for future agricultural development
would be suited for coconut culture. This fact servesfo confirm the
opinion that no substantial increase in the Island's coconut production
could be achieved through the medium of planting new land under
coconut. Obviously the only other way open for increasing production
would be to adopt measures for maximising production per unkt area
of the existing lands. In this context the continuing research
programme of the Institute aims at improving productivity, genetically
and agronomically and increasing the income from coconut lands by

associate cropping and livestock development. ‘

Four broad objectives could be identified in the research

programme of the Institute currently in progreés. They are:-

I. Improfing_crop yields and Quality through Hybridization and
Selection techniques. '
II. Improving Crop performancé through Correct Nutrition and ¢
Management.
ITII. Maximising returns from Coconut lands through Associate Cropping -
and Livestock Development.

IV. Minimising crop losses through Control of Pests and Diseases.

I would mention that conseguent on recent changes under the
Coconut Development Act (No.46 of 1971) a certain degree of respon-
sibility devolves upon the Coconut Processing Board for research on
problems associated with coconut technology and utilization of coconut

products.

I. Improving Crop yields and Ouality through Hybridization and

Selection technigues.

Plant breeding in relation to a perennial crop like coconut
(with an economic life span of over 60 years), is long term research
of tremendous importance to the industry. It is a field of research
in which Sri lLanka leads and the possibilities are immense. In fact,
the breeding of palms with uniformly high yields is a matter of

equal importance to the industry as sound agronomical techniques.
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The programme of breeding and selection that has been

impleﬁented hitherto at the CRI has embraced the followin; standard

techniques:

(1) Mass Selection Consisting in systematically chcosing a part

of the population in which the desired gualities are most
strongly déveloped and using the selected iddividuals for seed
collection,

(2) Progeny testing to identify ‘Pre-potency'’ Consisting in the

identification of the progenies of high yielding mothers
and picking out 'yield transmitters', which are used for

propagation and for intercrossing with each other.

(3) Controlled Pollination leading to establishment of Isolated

Seed Garden. <Consisting in crossing phenotypically superior

mother palms with pollen from pre-potent palms, and utilizing
the high yielding material derived therefrom exclusively for

the establishment of the Isolated Seed Girden.

(4) Hybridization between Varieties and Forms. Consisting in the

production of high-yielding inter-varietal hybrids that sre early

bearing.

The hybridization programme utilizing the varieties and forms of
coconut indigenous to Ceylon as well az the ekotic_ggg Ramon variety has
been carried out since 1950. The C.R,I. has devcloped two high yielding
strains (viz. CRIC 60 and CRIC 65), which are being released to the
industry. WithCRI assistance the latter hybrids are also being produced
by the private sector on 5 commercial scale.

An Isolated Seed Garden for the mass dissemination of elite
seedlings was initiated in 1955. The CGarden planted up almost exclusively
with hand~pollinated material, is now being expanded so that the original

capacity of 135 acres could be increased to about 250 acres.

Though in general the results of this work have been successfully
and gainfully applied in industry the major constraint so far has been tle
limitation of the experimental work to the three indigenous varieties

of coconut (typica, nana and aurantiaca) which include only thirteen

eco~types.

For further genetic improvement of the crop with the practical
object of improving the efficiency of the breeding process and shorten-
ing the breeding time it is considered that the development of fugure

experimental work should embrace the following:-

(1) Inter-origin hybfidization using exotic germ-plasm. This would
require the import of germ-plasm in the form of both pollen and

seed taking adequate phyto-sanitary precautions,




(2) The establishment of a gene bank of variable germ-plasm
in order to widen the genctic base of the future crop
improvement programme, and the identification from this
pool of superior individuals with useful specific characters

for future experimental work,.

(3) The introduction of drought tolerant dwerf strains to
determine their suitability and those of hybrid offspring
raised from them (by crossing with adapted local Varieties)

for the drier agricultural areas.

ITI. Improving Crop Performance through Correct Nutrition and
Management.

Though empirical information of local value has been available

for a fair length of time, the first series of modern field experiments
on the manuring and cultivation of coconut are those that have been
carried out since 1934 by the Institute.

Experiments on the manuring of young and mature plantations under
‘various environmental conditions have also been laid down on a number
of estates in different arcas. The Soil Chemistry Division was one of the
earliest to be established at the Institute and subsequently, its
 scope was extended to cover Soil Surveys and Classification. The
addition in 1960 of a small laboratory for radio-isotope work has also
proved a valuable adjunct to the Division particularly for fertilizer
research,

. The fact that fertilizer usage leads to increased yields and
reduces costs ofppoduction is well recognized in agriculture. ith
regard to the coconut crop, it has been found that sirnificant
increases in production could be realised (within a relatively short
period of time) by the proper application of fertilizers, provided that
the other bssic soil management practices are also maintained at proper
le?elé. In this context, the field experimental results obtained have
shown that correct fertilizer application could bring about yield

increases of the order of 2,000 to 2,500 nuts per acre per annum,

Experiments carried out at the Institute have shown that coconut
prdducticn in most coconut soils of Ceyion is limited by deficiencies of
nitrosen, phosphorus and potassium., In certain areas - particularly
in the wet zone, magnesium has also been found to be deficient. On the
basis of research data obtained from these experiments the Institute
has been making various recommendations over the years pertinent to
fertilizer usage in different areas. Owing however, to adverse cconomic
conditions and the inevitable time lag between fertilizer application
and the realisation of its beneficial effects, the results of these
researches found practical application on an appreciable scale, only

after the Coconut Fertilizer Subsidy Scheme came into operation in 1956.
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Prior to the introduction of the Subsidy Schemc, only about
100,000 acres (less than 10 % of the total coconut acreage) received
fertilizers. Today, this acreage has increased to about 325,000 with
a fertilizer consumption of about 60,000 tons as against 1,000 tons

during the pre-war period.

Fertilizer problems are legion, and since the coconut crop is
grown under a wide range of soil and climatic conditions, perhaps
unequivocal solutions could not be found for some of them. Further,
standard field experimental techniques adopted for studying such =z
problems depend on yield data. In the case of the coconut however, such
experiments are laborious, time consuming and expensive, because guick
results cannot be obtained within a single season's cropping. Owing

to the inevitable fime lag between yield responses and fertilizer

application (complicated by climatic interactions) it generally takesq¢ﬂ 3
6 to & years before any conclusions can be drawn from a single fleldf;'
experiment on coconut., A further problem is that owing to poPulatlsi g
heterogeneity in yield characteristics, large extents of land (25 to~
30 acres) are required for a single statistically designed experimeﬁt

In spite of these handicaps experiments have been laid down by the
Instltute to elicit information on fertilizer levels (for types and &
forms), time and frequency of fertilizer application, relative
efficiencies of methods of application, and optimum methods of
fertilizer placement, In other words, the main objective has been to.
obtain and disseminate information that would help to maximise the
efficiency of fertilizer utilisation, thereﬁy increasing profits and

reducing costs of production.

Isotopic techniques constitute a useful tool for the solution

of some of the problems that have been adumbrated above,

Using radio-active phosphorus (P32) the relative placeuent
efficiencies have been assessed for different methods of application.
The results have conclusively demonstrated that the density of active
roots is much higher in the area immediately surrounding the palms up
to a distance of about 5.5 feet from the bole. In accordance with this,
the results have shown that fertilizer applications in the entire area
round the palm up to about 5,5 feet from the bole, lead to 100 % more
efficient fertilizer utilization by the palm, than placements in centres
of sguares or in the traditional manure trenches, It has also been
found that full circle applications are about 40 % more efficient than
half-circles, and that broadcast applications are less efficient

than placement round the palm.

On the recommendation of the Institute, the above findings are

now being adopted generally in field practice.



The problems affecting the nutritio
legion. In fact, for a long time the manu

done to a large extent purely on an arbit
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ring of the palm has been

rary basis, based on practical

farming experience more than on any fundamental knowledge pertaining

to its nutritional requirements. It woul
dispbility that has hanpered Progress in
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senescence of the palm. In

this context, facilities have now been provided for projecting intensive

investigations on the fundemental aspects

of coconut putrition,

III. Maximising returns from Coconut Lands through Associate Cropping and

Livestock Develonment.

In 1952 the CRI appointed an officer to study the possibilities

- o | " " . Y s Lay 5
of animal husbandry; uiasr ¢

enut, and in 1955 with the aid of a Colombo

=
Plan Expert established The Division of Agromomy. In 1956, this

Division was redesi

£

wdre changed specifically to study:-

(1) the development and management of
én coconut estates and used to pro

detrimerit to the coconut palm.

snoted Agrostology and the work and objectives

pastures that might be grown
vide meat and milk, without

(2) The utilizaiion of space on coconut lands for intcrcropping

(3) inter-rclationships between livestock and coconuts

(4) the wider problem of maintaining and jmproving soil fertility
in areas where the one Crop has been =nd perhaps will be grown

forhr-ireds of years.

In terms of nett income per acre,

probably coconut lands give

- the lowest returns. The trend in commercial coconut growing in most

countries has until very recently been to think almost exclusively

in terms of monoculture. During the early growth stages of the

coconut (in new plantings) however, a wid
in order to obtain some income from the 1

into production. This type of intercroppi

e variety of crops are growh
and until the coconut comes

ng on new clearings is of

course of wide application, and is generally practised with successS.

It is essential that tcatch-cropping’ of
coconut holdings should be distinguished

intercropping which would constitute part

on mature coconut plantations. In this ¢
of crops (annual, semi-perennial and pere
plantains, cocoa, coffee, manioc, pineapp

tenance of livestock cum pasture grasses

this type on immature

from 'multi-cropwning’ or true
of a mixed farming systen
ontext, apart from many kinds

nnial) such as mangoes,

les, maize €tcCe., the main-

iz also not uhcommon.
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There .s nevertheless, a section of experienced opinion in the coconut
industy - that stresses that any kind of mixed cropping, whether in
agricul ural crops or by animal husbandry, would be undesirable as the

nett ef:nct on coconut production would be reduction in crop yiclds.

Re arding the possibilities of intercropping, much attention has
been focussed on the cultivaiion of pastures and Iodder grasses under
coconut. Tt has been found that in the Wet Zone these crops wili_not
compete with coconut for soil moisture. OCn the other hand, they will
require ac guate manuring to eliminate competition for major plant
nutrients .uch as nitrogen, phosphorus and potassium., It would there~
fore nppea. that where the rainfall is adequate and well distributed,
any compet.:ive effect of the crop associated with coconut is pufely

nutritionaZ.

On t:% basis of this work CRI recommendations in respect of
the establ shment of pasture and fodder grasses on coconut lands are now

being applied in industry.

Sin:e the inception of the work on animal husbandry at the Ui,
Sinhala caittle have been used for a2ll experinents with npastures. In-
tensive vork has also been carried out to study their lactation, weight
and othe  characteristics. The data that have been consolidated
confirm he view that the Sinhala animal is not a suitable dairy breed

for the .occMrt . triangle, even under optimum conditions of  ~mahagencnt.

In visw of this, studies on three~way rotstional cross-~breeding with

Iv

the exotic strains - Jersey, Sindhi and Friesian have been initiated to
up~-grace the foundation Sinhala herd at the CRI., In this systen
there is evidence that ony loss of hybrid figour after the ¥’q generation

is overcome by introducing a different breed at the I, stage.

« Minimising Crop losses through Control of Pests and Diseases.-

e

Getting rid of pests and curing diseases could be very expensive
procedures. Prevehtion is always better then cure and in the long run
much cheaper.

Two features which characterize coconut cultivation in
influence methods of pest control to a considerable extent. Firstly
coconut gives a low income per acre, which means that pest control

<

anagement.

Et

measures nust be cheap. The second feature is the low level of
This generally means that cohtrol measures are noi implem-nted effectively
dn certain areas; consequently pests spread from badly nanaged arcas

to well managed holdings. One way of getting over thic situation is

to utilise methods of control (such as biological control,sterile male
technigue etec.), which can be carried out by a comparatively few

people working from co-ordinated centres. These methods nay be cheaper

than regular chemiccl treatment.



This has been amply demonstrated recently when the new leaf niner

coconut pest Promecotheca cumingi, which threatened to jeopardise our

coconut industry was brought under control and reduced to sub~economic
levels entirely by btioldgical means. Again, the coconut caterpillar,

Nephantis serinopa,is regulated through the release of some its parasites.

Current studies are giving very promising results with the predator

Chilocorus nigritus (lady-bird beetle) in the control of the coconut scale

- Aspidiotus destructor.

Judging from the volume of ingquiries that are being received
at present, it is obvious that there is increasing awareness of the

usefulness of the service and advice rendered by the CRI in this sphere.

Regarding diseases of coconut, some advances have been made in
elucidating the causes of 'Leaf Scorch Decline' of Coconut, a disorder
that has been prevalent in the Southern Frovince of Ceylon, and a
problem that remained elusive for a long time in spite of multi-pronged

investigations in the past.

CONCLTUSTIOHN.

Research is an investment and zn insurance against the future.
Within the short compass of this paper, I have endeavoured to pin-point
the progress of Coconut Research on all fronts in recent years. 7TYet, the
Coconut Research Instittte has many problems to overcome and many
questions to answer. The good work done by the Institute hag borne
fruit in the past, and the coconrut industry should not be allowed to
become a declining asset in our economy at any stage in the future. More
research is therefore needxd to make the coconut industry a high water-
mark of efficient production. Many years of ever-expanding utility
and activity lie before the Coconut Research Institute of S5ri Lanka

for the achievement of this goal.

73%.08.16
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The Impact of Research on Development
of the Animal Industry
by ;
Dr J.A.de S.Siriwardene
Veterinary Research Institute
Peradeniya

Until about four decades ago, very little organised Livestock
farming was in evidence in Sri Lanka. During the early thirties,
the Government established a cattle farm at Polonnaruwa with Seindhi
animals imported from India. Later on, in 2946, further importations \
wore made of temperate breeds of cattlefrom Burope. With the arrival
of these animals, the Department of Agriculture ectablished the two
up-country farms at Anmbewela and Bopatalawa. These imported stock were
used by the Department for upgrading the indigenous Sinhala cattle
through artificial. insemination and by issue of bull calves through a
bull calf exchange scheme. However, there was no organised development
- programme until the year 1958when the first National Development Plan
came into existence. But development of animal husbandry did not
receive high priority duringthis period. It was only with the
implementation of the current 5-Year Plan that the highest priority was
given to animal husbandry. ;

The place of animal protein and its importance in the hunan diet
is wvepy well known. Animal proteins assume much more importance in
- underdeveloped countries such as ours, because of the gsevere imbalance
of protein to carbohydrate in the diet of the average citizen. The
genepal objective of the efforts of the-animal scientists is therefore
to try to correct this imbalance by stepping up the pace of animal
production. '

Looking back over the years, one sees a change in the strategy
for development of the animal industry. During the early period the
biggest obstacle to development was the widespread prevalence of

animal disease. Cattle disease such as Rinderpest, Haemorrhagic
septicaemia, Anthrax, Black Quarter, and poultry diseaso such as
Ranikhet and Fowl Pox, took a heavy toll of animal life. It was obvious
at that time, that no aninal development would be possible, on a
national scale, in the face of such a major constraint.

The first task facing the Veterinarians was then, the control

and possibly the elinination of these killer diseases. Research work
was mainly directed towards the production of animal wvaccines, testing
their efficacy under fisld conditions, the study of immune responses and
the improvement of diagnostic methods. The success of the disease control
effort and the tremendéus impact this programme had on the animal :
industry is widely acknowledged. The complete eradication of Rinderpest
disease in the year 1946 was undoubtedly the crowning success of the
efforts of the Veterinarians of that era. Sri Lanka has been free of
this dreaded disease since that time. In general, the disease control
neasures adopted during that period and in subsequent years have proved
very efrective. Today, contagious diseases are no longer a problen
.in this country.

A complete range of animal vaccines are now produced locally,
to meot the present requirements of the disease control programme. What
remains to be done in this sphere of activity is to expand the
programme to give complete coverage over the entire livestock
population. Deaths resulting from contagious diseases have been
brought down to insignificant levels. What this means in terms of our
broader objectives of increased production is that relative disease=frec
gonditions now prevail in the country, to make it possible- for the
animal industry to develop unhindered.

Current Research

I would mow like to deal with the present situation and what
the animal scientists are trying to achieve. As I remarked earlier,
the strategzy has changed and the emphasics has phifted from animal
health research to animal yrofuction research. The current research
programme is directed towards finding ways and means of accelerating the
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pace-of animal production. How can we achieve this objective? Increased

production can only be effected by a coordinated effort on the part of

research workers in all disciplines related to both animal health and ' .
animal production aspects. Figure 1 shows the different means by which

production could be stepped up.

inimal Breeding @

Genetic improvement of livestock may be effected in cne of two
ways. Firstly, by seleftion within a breed and secondly, by crose-
breeding with a breed possessing high productive merit. The indigenous
breods of cattle, pigs and poultry genetically, have very low productive
ability. Mahadevan %1952) working with Sinhala cattle estimated that
it would take approximately 200 years tc improve by selection, the
mear yield of Simhala cattle from the present level of 90 gals. per
lactation to 300 gals. per lactation. It is ovvious that the only meana
by which genetic improvement could be effected within a reasonable
period of time was through a programme of cross-brecding. One other
possibility exists, and that ie the importation of large herdc of high
producing stock, an exercise which would invelve a staggering
expenditure of foreign exchange. Assuning that foreign resources are
available for importation of stock, such a course of action would help
only in a very limited way to step up dairy production in this country.

It is estimated that, at present, there are around 60,000 head
of dairytype animals in Sri Lanka. Of this number, only a very small
proportion are pure temperate brecds and their crosses. Thus the large
najority of the existing stock are of the Zebu types. It is inevitable
thaf any programme of cross-breeding would have to utilise the Sinhala
and Zebu types as base animals. Research work involving Zebu types and 3
temperate breeds have been carried out by the Department of Agriculture
since the year 1953. Both Sinhala and Sindhi cows have been used as
base animals in these experiments.

Table 1 - shows the results of Sinhala x Scindhi cross breeding
experiments. -

No hybrid vigour is evident at ¥} generation. It would not be
possible to evolve a crossbred animal hich would outdo the Scindhi
type. Upgradin; towards 100% Scindhi blood is the only means of
genctic improvement possible.

Tabie II - shows the results of Simhala x Jersey and Sinhala x
Friesian cross-breedin, experinents.

. Further backcrossing of the F. gerneration to the temperate type
results in a lowering of the productiva ability of the progeny.
Buvanendran (1973) is of the view that the best reaults could be achieved
by crossing the P, generation interse. Here again their progeny would
show a drop in production. The only means by which it may be possible
to-maintain hybrid vigour would bd@ to use two or more tenpedate breed in
.a rotational cross-breoeding programme. This is a new technigue which

has becn adapted by the Department of Agriculture. The results of the
work will become nvailable only from 1974 onwards.

With pigs and poultry however, cross-breeding of indigemous stock
has no place, because thesesmpecies are capable of rapid multiplication, ’
making it possible utilise pure bred stock to effect imcreased production.
Ggnetic improvement of pure breocds involve the use of knoyn techniques
such as progeny testing and the use of proven sires. Such techniques
are currently being used on Goveenment Farme. : v

Improvenent through Better Nutrition

Livestock can be broadly classified inte groups, from the
rutritionist's point of view, namely, the ruminante and the non-runinants.
While non-runinants or monogastric animals depend almost entirely on
concentrate fe.ds, ruminants have the inhevent ability to utilise
relatively low guality feedstuffs much more efficiently than non-ruminants.
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It is thus to our advantage to capitalisé on this inherent characteristic
of the ruminant. Much more use should be made of pasture grasses and

fodder grasses in the feeding of dairy cattle. Unfortunately, the

feeds in the fecding of dairy cattle. This practiwe perhaps originated
at a time when good quality grassce were not readily available and g
when concentrate feeds were cheap and freely available. Generally,

nost farmers allow between 50 to 70 1ba. of grass per cow per day,
supplementing this with concentrates on the bagis of 5 1lbs. per cow

for maintenance and an additional allowance of % 1b. per pint of nilk
produced. This means that pasture supplies only a part of the mainten-
ance requirenent of the cow. Viewed from a'National standpoint, it
would be dimastrous to continue with such a feeding practice,
particularly when thé greater part of the compourded feecds are required
for the poultry and pig industries. The task facin. the research worker
is therefore to provide high yielding pasture and fodder types of
reasonably . good quality and provide the know~how on techniques of
pasture nanagement and utilization. It has been demonstrated that with
the fecding of improved {ypes of pasture, it is possible to obtain a
production level of 10 pints per cow per day without resorting to

practice in our ecountry has been to rely much to¢ heavily on concentrate
|
|

concentrate fecding. Already a considerable amount of research has been

done in the field of pasture development. Since thie subject will be
dealt with at length by Prof, Appadurai, I will desist from entering
into a discussion on the subject except to outline briefly some ©of the
work done by us in the mid-country region. The work has been mainly.
directed towards providing improved pasture species that are capable
of supplying both quality and quantity, both at high and moderate levels
of management. Fifty species of grass were studied over a period of
two years at CGamnoruwa on the basis of observations made during this
period, 14 species were selected from among this number for further
study. The resultsof this study are prosented in Table 3 - (Pathirana.
& Siriwardena 1973). Pusa Giant Napier,, Panicum Maximum, comuonly

OWT i B prov 0 e four best varieties, which recorded
dry matter yields of - 33,385, 33,226 and 26,023 1bs. per acre -
respectively.” The fertilizer levels used were N 125, P 0 75 and
K20 150 ibs. per acre per year respectively.

Panicum maxinum cv.Guinea, Brachiaria ruziziensis and a local variety of

Moving on the field of monogastric nutrition, theprovision
of sdghuately balanced feeds in suf.iciently large quantities to meet
the increasing demands of the poultry industry has been the biggest
problen in recent times. It would not be an exaggeration to state
the success of the development programme hinges on the availability
of adequate supplies of good quality feeds. All those involved in

~animal husbandry activities know how true this is. Today the country

is faced with an acute shortage not only of human food, but also of
aninal feed. During the past few months the effects of Pfeed shortages
on the animal induetry, particularly the poultry industry has been
very severe indeed. Conpounded poultry feeds need to be well balanced,
providing energy protein; vitamins and minerale in anounts adequate

to meet the requirements of the poultry. The energy source is genmerally
maige, while the fish meal and meat meal supplies part of the protein
requirements. These feedstuffs are at present imported to a large
extent. The cost of thesc items have risen two to three fold in the
world market. This together with the levy of FEECS has resulted in
price hikes of poultry feeds. Figure 2 gives the requirements of
cereal and fish meal with estimates of availability from local sources
for the years 1973 and 1977.

Coconut poonac and rice bran generally constitute about 50%
of the comuercial poultry fecds. Both these ingredients have been in
short supply for a considerable period of time. While these shortages
may be passing phases, it nevertheless illustrates the need to find
alternative feed resources which may service to buffer the effects of

“tenporary shortages. The task of the nutritionist in the present

gituation is a very difficult one indeed. Priority in research has been
given to the searcii for potential feed sources. Rubber seed meal is

one of the recent finds resulting from thw work of nutritionists
(Buvanendran and Siriwardene, 1970),(Siriwardena and Nugera, 1972)

and (Rajaguru, 1973). Its foeding value is similar to cocorut poonac,
except that rubber sced meal has a little more protein. Other fecdstulfc
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that have éngaged the attention of research workers arc manioc meal,
nanioc waste, ‘high protein leaf neals, polkudu poonac, sediment poonac
and passion fruit peel.

Evaluation of feed potential has to take into consideration
both the energy and protein components and the calorie/protein ratio
in the diet. A complete assesshent of the potential value of ffeed
material on this basis cannot yet be handled due to lack of facilities.
Thile work has been recently initiated to study the energy value of local
fecds, evaluation of protein quality will require specialised equiprient.
It is cxpected that facilities %i11 Pecome available soon to enable us
to study the amino acid composition of these feeds. The importance
of the knowledge of the amino acid composition in feed fornulation is
jllustrated in Figure 3 which indicates the anino acid regquirenents of
the chick and the amino acid contribution from feeding of coconut poonac;
fish neal, gingelly neal and soyabean neal at 20% level in the diet.
The anino acid deficiencies in fecdstuffs can sometines be corrected
by use of two -or more protein fecds. For instance, gingelly meal is’
deficient in lysine while soyabean neal is deficient in methionine.
The usie of a 50 : 50 mixture of both helps to even out these defieiencies
as illustrated in Figure 3. The importance of the estination of
amino acid conmposition of local feedstuffs is thus an extremely vital
aspect of future research.

Control of Infectious Digeases

Priobity in research oxn the aninal health side has been given

to problens connected with infertility and digeases repponsible for lowered
"productivity pdrtisemlaryy of dairy cattle. However the control of some of

the contagious diseases - continues to receive the attention of the
Veterinary scientists. For instance, work ig continuing on improvenent
of foot and mouth disease vaccine. A, present 800,000 doses of this
vaccine are produced annually. This production level would be grossly
inadequate if the entire pattle population were to be vaecinated.

This is a disease that must be brought under effective control because
production of affected animals, particularly of temperate breeds could
be depressed for life. A Foor and Mouth Digease Vaccine Laboratory has
Bbeen constructed.at Polgolla with assistance from F.A.O. and when vaccine
production commences at this laboratory, it is expected that the entire
requirements of vaccine for an intensive control programme would be
produced at this laboratory. ]

Rescarch work is also proceeding on the improvenent of Ranikhet
vaccine. Although an effective vaccine has been in existence for some
years, this disease is still prevalent in Sri Lanka, But nost of the

.outbreaks seem to occur only in unvaccinated flocks. The failure to

bring about more effective control has been lar;ely due to lack of
trained personnel to effect complete coverage of the poultry population.
This vaccine has to be administered by I/M injection at or beyond three
nonths of age. Birds below this age cannot be vaccinated with this
vaccine because of the possibility of severe side-effecis including
paralysis. Research work is now proceeding on theproduction of a

_ vaccine that would rcquire no technical skill to administer and one

which will confer imnunity at a very young age. Sone headway has already
been.made at the Veteeinary Rewearch Institute in producing a vacecine
$hat could be administered in drinking water (Kulasegaram, 1973). The
vaccine produces no ill-effects and may be adninistered within a few

days of birth. ;

Inprovenent of Fertility

Reproductive diseases and nutritional deficiencies constitute
two of the major factors causing infertility among dairy cattle. Priority
in research has been given to reproductive diseases particalarly to

" Brucellosis. This disease is prevalent in almoet all breeds of livestock

resulting in serious econonic losses. Such losses are extremely difficult

to assess, and estimates have not been nmade for Sri Lavka. However figupes

available for other countried would give us an idea of the magnitude of
the problem. For instance, losues fronm Brucella infection have been
catimated at 50 million dollars in the USA from loss of nmilk, ﬁ 5 million
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fron calves lost and $ 32 million from depreciation in value of infected
herds (Stableforth, 1959). The figure for France is estimated at R
- 37,000 nillion francs per year Renoux (1953) and for U.K. at 1 million
: J pounds sterling per year (Brown 1969) These fipgures speak volunes on |
A the nagnitude of the possible econonic gains that would result fron an |
affective Brucella control programme. The incidence of Brucellosis in i
some of the CGovernment farms and the beneficial effects of an effective
control programme at Polonnaruwa are indicated in Table 4 (Kumaraswany, |

» 1973).

Control nmeasuree involve the regular testing of herds to

isolate infected aninals. Two courses are open to us in the control of
this disease. One is by slaughter of all positive animals., This is a
very expeneiveé method and therefore has limited application in this

jios country. The other is by isolation and vacecination of infected herds
andd the progressive development of clean herds with non-infected aninals
and diseasc free calves from vaccinated herds. The latter scheme has
been in operation at Polomnaruwa. Parm since 1956.

'~ The incidence of other diseases that cause infertility such as
vibriosis and trichomoniasis have not yet been-investigated., It is:
expected that future research programnmes Wlll cover these discase
conditions as well.

Coritrol of Other Diseases causing Econonic Losses.

I propose to touch on only a few of these diseases. The three
conditions that are currently receiving the attention of research workers
are mastitis, parasitism and foot and mouth disease. :

Mastitis

Like Brucelleeis this disease too causes heavy econonic losses
in dairy herds. Wanaginghe (1971) has attenpted to assess the likely
. losses on the basis of results of a number of surveys into the incidence,
2 . the effects of the disease on production and the damage to the udder.
This work has revealed that around 60% of the aninals tested were
positive for mastitis. Of this nunber, 20% showed clinical synptoms of
the disease while in 15% of the cases either 1 or 2 quarters of the udder
were.completely lost. Low grade mastitis constitutes one of the major
causen of lowered milk production. ZXcononic, losses from this disease
result fronm (1) a decline in milk production (2)a decline in the content
of milk constituents {3) damage to the udder (4) shortening of the
productive life of the infected cow and (5) increased cost of the
‘replacement value of the herd. The Veterinary Research Institute has
formulated a comprehensive plan to bring this disease under control.
This plan involves the periodic testing of dairy herds, introductiocn of
dairy herde, introduction of dairy hygiene techniques, treatment of
infected ahimale and the prophylactic treatment of dry cows in the herd.
Lack of dunds has prevented the Department of Agriculture from launching
on such a programme. :

Parasitisn

Paragitism, as we all know, is widely prevalent in all tropical
countries. Ours is no exception. The damage caused to livestock can
be wvery extensive indeed., Parasites can be broadly classified into two
groups, i.e, the Ectoparasites and the Endoparasites. Anong the
. : ectoparasite or external parasites that cause a lowering of production
_and even death in livestock, are the ticks and mites. Ticks cause
damage in three ways: (1) direct damage by way of blood loss and injury-
to the sgkin (2) by injection of toxic substances and (3) by transmission
of disease. Damage to skins can be extensive rendering the hides worth-
lepa. It is estimated that each tick could remove from 0.5-2.0 ml. of
blood from its host. One could imagine then the extent of blood loss
fron an anxnal harbouring a few hundred ticks. The resultant anaenia
results in a loss of production and a lowering of the resistance to
disease. In Sri Lanka the cattle tick poses a big threat by transnittins
the iick fever disease. :
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The disease is often fatal to pure bred and cross-bred
tenperate breeds of cattle. The zebu types on the other hand are
resistant. - The control measures now adopted include the application of
insecticides, either by spraying, hand-dressing or by dipping.
Prophylactic control is effected by prenunising animals by injection
of a strain of less virulent organism maintained in donor aninals.
Current Tesearch is directed towards the study of the life~cyetos of
the ticks, a knowledge of which will help to cut down the cost of
insecticides used in tick conircl work. S .

Internal parasites cause similar econonic losses. Control
nmeasures involve treatment on a regular basis, a practice which has
proved to be expensive indeed. The efforts of research workers have
been therefore directed towards finding ways and neans of reducing the
cost of worning, while pnaintaining effective conirol of worm infestation.

1 Work carried out at two locations, Kottukachchi and Melsiripura
(Ronatunza 1973) have demonstrated this objective and in fact be
achieved if the pattern of infestation and the life cycle of the parasite
is known. A study of the life-cycle of the parasite in each particular
location and the pattern of infestation in the herd throughout the year
would help in making a judgenent as to the most effective time of year when
the animals should be treated. ‘ \

r
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TABLE I

Peri‘orma-nce of Sinhala and Croggeg-
Breed ¢ J/Fr Blood =~ - i1k Yields
. (lbs. per lactation)
Sinhala : 0 : St 980
/s ¥, o 50 : 2600
I/3 ¥, Ut _ 1400
3/8 B, - 75 2100
Fr/S ¥, .50 : ‘ 3300
= Fr/S Fs i _ 50 ’ 2000

S indicates Sinhala, J - Jersey and Fr. - Friesian

Sc/S By r e 2390
Schindi % - 100 : 2380
TABLE 4 _ S
Location Species Incidence Year
Pal onnaruwa Buffaloes E 19% 1956
| (i12% 1968
5 6% 1971
3 Pty
' Tamankaduva Zebu breeds 40% 1969
A and crosses
Nikeweratiya Zebu cattle : § 35% 1969 5
: > 12 1970
Welisara  Pigs 3% 1969
Kottukachchiya Goats o e 1968
: 0% 1970
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: By
Prof. R.R. Appadurai

Dept. of Aninal Husbandry
University of Sri Lankn,

Mest of the developnent of grassland farning, so far, has in
fact takem place in the tertperate countries of the world. Here in.
Sri lanka, pasture has never enjoyed = proninent place in our systens
of land use. Yt is only in recent tines that the inportance of grass—
land farning has been seriously considered, and this has been largely
due to the ever increasing inport bill for nilk and nilk products,
and the realisation that profitability in dairying for exanple, is
governed largely by the cost of the feed and its influence on nilk
yield. Even in countries with a long tradition of grassland forning
the part played by research workers in developing new or inproved

techniques, and in helping the farnmer to nnke use of the latest

technicnl developnents has been of considerable inportance. Research

Iin of even greater significance where grassland farning is a recent

developnent and where there is no tradition based on long experience.
It is ngainst this background that we should txy and assess the
research efforts of the past twenty years, and consider their relevance

to Aninal Husbandry developnent in Sri Lanka,

_ A conprehensive prograrme of pasture reseadrch should cover the
problene ret with in the whole field of grasslond farning. In the

‘context of this country, at least four of these becone irmediately

relevant, ; -

1) Plant introductions, including methods of establishnent and
: ' nanagenent of pure and nixed swards.

2) The =mssessnent of the productivity, and feeding vnlue of

pastures and fodder crops, with particular reference to their
concentrate saving value.

3) Systens and nethols of conservation,
4) The developnent of balanced systers of farnming based on -
- pasture, : :

b L]

: BEver since the introduction into Maha Illuppallana of a good
grazing grass  for thefdry zone, nancly Brachiario brizantha in.
1951, we have been literally oconbing the grasslands of the world, in
order to find suitable introductions whieh could be established in the
various. agrowclinatic regions, Today we have several pronising new
species, such as Brachiaria and Buffel for the dry zone, Cori and
Pangola for the coconut triangle, Guinea and Ruzi for the nid-country
wet zeno, and Paspalun and Kikuyu for the hill country and so on.



- Role of the 1eg¢_1_g

Ceasaless efforts h Ve also been nade to davelop nixed pastures
inclusive of both grasses and legunes, in the hope that such nixed-

pastures, like their tenperate counterparts would contribute to high
poasture productivity and feeding value. -Very often the practical
difficulty has been ene of incorporating, and sustaining legune ‘#

conponents into pastures composed of highly aggressive tropicnl grasses.
There are also certain enviromnmental factors, anong the nore

inportant of which are high soil tenperatures, rapidly alternating wet

and dry conditions, and the relatively short-day lengths, which tend

%o restriet the synbiotic value of pasture legunes, wnder tropical

conditions such as ours. (Vincent 1965). T

On the other hand, in other tropical and sub-tropical areas, such
as Queensland for exanple, tropical legunes, capable of fixing around
100 1b of N per acre, and thereby contributing to greater productivity
and higher quality of pasturébherbage have been successfully developed.
Sorze of these have been introduced, locally, and are under study ot
the present tine. Of these Siratro (Phaseolus atropurpureus) appears
to be particularly pronising, though the Desnodiuns, particularly
Desnodiun uncinatun, and Glyveine javeniea have also performed satis-
factorily. They seen to conbine better with fodder grasses such as
Guinea and Setaria than.with grazing grasses. In the context of
rising fertilizer costs, and shortage of foreign exchange, there can - -
be no doubt that a full evaluation of the role of the legune in nixed _g
pastures in Sri Lanka, should be an urgent research priority. We nust
find the nost adéptable and productive forage legune species,.for
every agro-clinatic region, but particularly for the dry zone, and
thendevelop appropmr iate E’zanag?fent practices for those ‘species which
conbine well with the adapted grcsses,

High Nitrogen Pastures:

For the more intensively farned areas, particuiarly in the nid-

country and low country wet zone, however, the differences between

nixod postures and pure grass stands, is insignificant in conparison
with the yield increases that can be brought about by the application
of Nitrogen. One of the nost striking pieces of evidence that has
cone out of recent grassland research is that improved grasses have =
high Nitrogen requirenent, and indeed in the years to cone, Nitrogen

will beconme the nost inportant single factor in pasture production, v
The results of several of our recent investigations, into the use of
high levels of applied Nitrogen, in various agro-climatic zones, wa

indicate that herbage yields werc alnost doubled by high N gpplication. #°
In every single instance *he pattern of response was distincily linear
upto applications of about 300 1b N per acre per year. Nitrogen
cfficiency was found to be of the order of {1 : 29 for Broachiaxrio
brizantha, * : 39 for Brachioria ruzizionsig; and 1 : 70 for the

hybrid fodder Pusa Giant Fapier, '
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High nitrogen application does not result in the namimizetion of .

_herbage production alone, In every qingle instance, high N usé is

accompaniéﬂ also by on enhancenent of the feeding value of the herbage.
Recent studies of herbage quality.have clearly established that ‘fodder
grasses such as 'Pusa Giant Fopicer, and Guinea B for exanple have -
organic matter'digeétibilitieé of over 60 percent, when cut nonthly and
fertilized at 300 1b N per acre per year. Such good quality grasses,
have high concentrate saving value, ond this is of considerable
importance in the context of rising prices for concentrates, parti-
cularly coconut poonac, With aiﬁestibilifies of over 60 per cent, it
should normally be possible to neet both naintennnce and productlon
requirenents of cows produclng around 14 gollons f riik Moy Only ot
higher production levels, would there be =z need for either concentrafbe
feeding, or a corresponding inerease in herboge digestibility.

Focus on Fodders:

3 With the energence of such good guality herbﬁge grosses, the new
focus, particularty for the nid-country, a high priority area for
/ninal Hysbandry developrient under the Five Year Plan, has been on
fodder developnant; The narginal plantations in this area are nostly
undulating or steeply sloping, so that in such a situation grazing
srasses can, have only a linited value. On the other hand, high tonnase
fodder grasses with their high jield potential can be'aff9ctive1y
utilized for feeding livestock under a zero-grazing nmanagenent, Fron
o series of experiments conducted in this region, three highly
rronising fodder grasses have energed as being highly suitable for
cetablishrent. These are the hybrid fodder Pusa Giant Napier, Guinea
B, a popular ecotype of Panicun maximun and the Nandi variety of
Setaria sphacelata., The méan_annual~ﬁroduction of herbage dry natter,
at a fertilizer application of 3001 N pey acre per year, ond under a
cutting fregquency of o nonth have been of e order of 38,824, 29,628,
and 29,637 1b per acre/year for the three fodder grasses respectively.
(Appadurai and Goonewardene 1971). These are all very high yields of
herbage, and would be capable of supporting around 3 - 4 nilking cows
per acre. The animal production potential of these three grasses
was estinated on the basis of a controlled feeding trial, with penned
sheep., Mean liveweight gains per day of growing Bikaneri shecp fed
artificially dried grass nade-fron the nonfly cut herbage, anounted
"o 147.5 g, 116.7 g, and 99.0 g for Pusa Giant Napier, Guinea, and
Setaria respectively during an experlnental period of T0 dnys.
(Goonewnrdene and Appadurai 1972). The percentage organic matter
digestibility (invitro).of the sanples fed was 66.6% in Pusa Giant
Napier, 62.3% in Guinea, and 53%.7% in Setaria, and this rating was
clearly reflected in the liveweight gains produced, Managenent
practices suited to the naintenance of high feeding value have
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_high feeding value have aiéb_been established on the basis of
research findings. The inverse relationship observed between herbage
dry natter yield amd its feeding value indicates thot the naintenance
of high feeding value will involve a conpronise between yield and

| quallty.t(eoancwardone and Appadurai 1971). These fodder grasses con.
21l be established nost effectively on small holdings of 5 ~ 10 acres,
in which not only the planting, replanting, fertilizing, and the
naintenance of the fields, but also the daily routine of cutting and
carting of the cut fodder to the stalled cattle, would in terms of
labour intensiveness, be second only to ten on these lands,

* For the Hill Country wet zone,
H;ll_ﬂgunixx_ﬂg__ggng,fﬁhe introduction of temperante type grassecs and
loguncs has opened the possibility for developing loy farning practices,

that could help to farn these lands intensively with both crops and
livestock., The- -need for cnergy supplenentation for.nilking cows fed

on kikuyu grass, noted for ite high protein content, but low percentage
dry natter re-enphasises the need to integratc. crop and aninal product-~
ion on these farns, so that the necessary feed, including crop by- -
products and residues could be used to correct inbalances due to
pasture nutrition. Such integration will also result in better land
use, ennbling these lands to be used for raising both- erops and Iive-
stock for long pericds without loss of soil fertility.

Potential of the dry_gatanaar

No better exanple of poor, and denuded soils can be found in
this area than the patanas af the hill country dry zone covoring ncarly
150,000 acres, Of this extent nearly 38,000 acres consist of rolling
or undulating land., Hitherto there has boen no attonpt at utilizing
- these lands for nore productive purposes. The work of one of ny
research students at the Pattiyégedera dry zone Research Station has
now conclusively denonstratad that through o progranﬂe of pioneer
cropping using a short feérm crop such as fodder sorghun, it would be
possible to reconditiun these lands for pasture estoblishnent. These
could thereafter be intensively farned using high nitrogen pastures,
consisting chicefly of the Pdnicuns,'raspaluns, and Setarias. The
potential of such lnnds cither for sheep or for cabtle production has
now been conclusively denonstranted on an experinental basis, and
needs to be followed by farn trials which would also have &
denonstration value. (Sivasupirananiur 1971).

Congervati égd the need for a feed Calendar:

Year round systems of feeding livestotk fron pasture nust rely S

on cfficient nethods of conservation.  Thi4 is obviously one of the

najor bottlenecks in pasture production, Pasture inprovements for
the future nust be ained at circunventing the limitations inposed on
pasture production by climste. For the dry zone, irrigated pasture,



and livestock nay provide a2 possible solution, but equally inpértant
would be the need to amalaganate bqﬁh'species and systens of ménage-
nent into one feeding systen. The need for-the developnent of a feed
or fodder calendar in which pasture, fodder, and even tree fodiers
could be combined with systens of conservrtion should be exanined
cnrefully. Partial barn hay drying nay be resorted to, to overcore
the problens of hi@hfhunidity during storage of hay. Heavy plastic
or rubber sheeting could be used to carefully scal the surface of the
nass during ensilage in pits, in order to reduce the losses dup to
spoilage by rain. Non-protein nitrogen supplenents such as Moilasses-
Urea could be used to neet protein deficimmcles in herbage particularly
during the long period of dry weather during June to September, In
the light of such developments increasing efforts should be nmade .
towards over-coning the problens, which have hitherto tended to
- restrict aninal production during periods of feed shortage in the dry
periods, c

Farning systens:

Finwlly there is an urgent need to develop productive farning
systens, enbadylng the synthetic, as opposed ta the qnalytical .
appraoch to research, in our attenpts to solve the faxwara prﬁbleﬁs,
connected with grasslqnd farning. This is best illustrsted with
rofoerence o the possibilltles that exist for grassland farning in
Coconut plantations. Nearly two decades of research at the Coconut
Research Institute indicates that considerable possibilities exist
for the successful exploitation of the apacc and growth factors
existing under nature coconut plantations. There is also pomitive
evidence available that grassland farming under coconuts is technically
fensible and can be encouraged without detrinent to the pnlns. What
is now obviously nccessary is to denonstrate the ccononic feasibility
of inter-cropping in general and of grasslond farning in phrticular,
-in order to develop nlfarning systen for coconut lands, so as to
increase the productivity of these hitherto unexploited areas., How
can this be done? There is an urgent need at the present time for
forn managenent studies which could shed sone lizht not only on the
econonic fensibility of various farming systens, but which could also
generate information which could be uaed to deternine the econonic
size of holdings under coconut say for exanple in the wet zone. -Such
trials would alsoshed light on the likely problens in nanagenent,
and the supporting systeme that would be required to ensurc the
viability of such farn plans. There is a strong case, for exanple,
for the developnent of dairying on these 1lands, since 32% of the
national herd is located within the zone and the demand for liquid nilk
in Colombo, consequent to the diversion of the nilk produced in the
hill country to the two processing factories will have to come fron
within the coconut triangle. Equally there is a strong case also for
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The gqiestion then is, is thore o case for developing a faruinr gysten
either for nilk production or for beef production under coconuts,
and waiat role nust research play in the developnent of such systens
of farming? The farm studies I have proposed will no doubt provide
at 1exst part of the answer.

Orqganizajign of Grassland Rcsewrch-

‘It is clear then, that for the developrient of the runinant
industry in Sri Lanka, a prinary requirenent would be the reduction
~of our dependance on concentratc feeds, by the better utilization of
pnétuwe and fodder. Unfortunately the rate of progress ., in this rost
inportant sphere of developnent activity has been poor. As I pointed
out af o recent seninar on the Five Year Plan, the extent of inproved
pasture at  the present time works out to less than one acre for
every 10 head of the productive bovine populntion in the country.
(Appadurai 1972), It is clear nlso at least with regard to one of
our major nilk production projects that success would depend not so
riuch an the loecation or on the breed or even the health of the dairy
aninals but on finding the thousonds of acres on which to develop
pasture in an area where holdings are small,.and the farmers have no
experience or interest in herbage production., Indeed o prinary
requirenent for any nilk production or dairy developnent project -
would be the working out of the type and quality of feed that has to
be prbduced, and the adjustments in land use and farning practices
that would be roquired to produce this feed.

Unfortunately no such organizotions exists for grassland
research in this country. There is an urgent need for a fully fledged
Grassiands Division, in the Departnent of Agriculture, prefercbly
under the direction of a separate Beputy'Director, with regional units
in the different agro-climatic regions, %o undertake this work., The
Grasslands Division should be staffed by qualifiod and competent
offieers, who should be entrusted with the.work of intréduction, evalun-
tion, and propagation of planting naterial, and thc responsibility for
providing the rescarch infornation req g £%r tle propotion of grass-
land Farning, which is the nost urgenf‘the pregsent tinme, if we are tc
achiere any kind of break through with raspect to. the runinant livew

stoeck industry, in Sri Lanka, 7
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