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Tam very pleased indeed to send this message on the occasion of the
publication of the first issue of Vingnanam, a most praiseworthy cffort on the
part of the Faculty of Science.

The Faculty of Scionce in the University of Jaffna, since its inception,
has made a notable contribution - through its teaching and research work - to
science education in this country. The decision to publish a research journal by
this Faculty is yet another landmark in its development.

Vingnanam provides a forum for staff and rescarch students to publish
their research findings and thereby fulfils a long - felt need-

1 am also happy to note that some of the papers published in this issue
reflect the involvement of the Faculty in areas of research with a regional focus—
which T consider to be a most desirable aspeot.

MQuaqa ‘arom llw %309-@[14!;100”0!

1 am confident that Vingnanam, embodying the best traditions of scientific
inquiry, will be a welcome addition to scientific literature.

The Editorial Board has done an excellent job in brioging out the first
issue in the midst of highly disturbed conditions in the region.

T extend my wholehearted support to Vingnanam and wish it success in
the years ahead as well.

Professor S, Vithiananthan
Vice - Chancellor
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FOREWORD

It is universally accepted that scientific research and the application of
scientific knowledge to the solution of local problems are essential for the
development of a country. The Universities are expected to play a key role
in these activities and in the dissemination of new kuowledge acquired through
research.  Yet, in Sri Lanka, due to various constraints such as the brain drain
arising from poor salaries and Service conditions of University Teachers,
inadequate rescarch facilities and the absence of an atmosphore conducive to
research, the Science Faculties in the Universities have not been ablo to make an
effective contribution to national development through research.

The shortage of qualified staff arising from the brain drain results in
an increase in the work load of those teachers who opt to stay behind and
serve the country and prevents them from devoting much time to research,
It also hinders the formation of effective and viable research groups. Often,
the research activity in a University is a lone effort by committed individuals.
Even in such cases, the results of work done painstakingly over several years
sometimes remain unpublished and inaccessible to other workers duc to the non-
availability of journals which would be willing to accept the publication of
results that may bo considered to be of local interest only. It is in this
context that the Faculty of Science, University of Jaffna, conceived the idea
of publishing a science journal to enable teachers and postgraduate students in
the University to publish the findings of their research as quickly as possible.
Jtis hoped that the publication of the journal will gonerate more rescarch in
the Faculty and increase the scientific tempo in the University. Although the
journal is inteaded primarily as a medium for communicating the results of
research done by teachers and students of this University, research articles of
local and general interest and review articles of topical interest from other
Universities and rescarch institutions, both local and foreiga, will also be

The year 1986 was one of great turmoil in Jaffna. As a result, only
one issue of the journal has been brought out instead of the planned two.
Even that has been made possible only due to the dedication and hard work
of the Editorial Staff. I congratulate them on a job well done.

Professor K. Kunaratoam
Dean, Faculty of Science
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Research contribution from the Universities in many developing countries
has not been comparable to_that from the developed countries. This is attributed
mainly to heavy teaching load and inadequate facilities for rescarch, besides
other factors. These shortcomings have been recognized and attempts are now
being made to encourage Universities to promote acadomic resarch.

Furthermore, exhorbitant fees levied for postgraduate courses in the
Universities of the West and the limited Scholarship or Assistantship awards
available for postgraduate courses in these Universities have made it imperative
for Universities in Sri Lanka to initiate graduate courses wherever possible.
Hence it is cxpected that research contributions from our Universities will
increase. These should be efficiently communicated locally, oot only for promoting
practical application of research findings but also for identifying problems that
need investigation by the national Universities.

Vingnanam - Journal of Seience is conceived at this time as a journal that
would help disseminate worthwhile rescarch contributions from Sti Lankan

A journal with a wide circulation within
coordination of rescarch, It is hoped that Vingnanam would achieve these
objectives.

In this first issue, eight out of the nine articles published deal with
subjects directly concerned with national problems.

K. Theivendicarajah and R. Kumuthini Chrystopher have _presented two
papers on alcohol produced from palmyrah palm sap and fruit pulp —a
Tajor cconomic product of _this least investigated paim of the tropics. = S.
Kandiah and S, Mabendran have communicated the early results of - their
investigation on propagation techniques for palmyrah palm, @ subject of much
importance to the Palmyrah Development Board of Sri Lanka.




The two papers by G. F. Rajendram with Daphne J. E, Daniel and Francesca
R. Devarajah describe the biology of a rice pest and its predator in Sri Lanka.
The information should be useful in designing control measures. Canker disease
of lime (Citrus) and fruit rot disease of brinjal (So/anum), two topical problems
of farmers in Sri Lanka, arc subjects of two papers by Sothisorubini Nalliah
etal. and R V.S. Sundaresan ef al. respectively.

Chelliah Elankumaran has provided very important evidence for the
increasing salinity trend in the ground water that sustains the population of
the Jaffna peninsula, This paper should stimulate further research on this crucial
water resource problem of the North.

“«The Frame Factor— An approach to Special Relativity” by M. R.R.
Hoole is an article that would be of interest to relativists among the physical
Scientists.

Miss C.D. Jeevaraj assisted me in designing the cover and other members
of the staff of the Botany Departmens ungrudgingly helped in the compilation
of this issue. T thank all of them on behalf of the Editorial Board.

EDITOR
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CHEMICAL ANALYSIS OF PALMYRAH PALM
BORASSUS FLABELLIFER L. WINE (‘TODDY’)

K. THEIVENDIRARAJAH AND R, KUMUTHINI CHRYSTOPHER
(Depariment of Botany, University of Jaffna, Jatfna, Sri Lanka

Vingnanam — Journal of Science 1: 1—7 (1986)
ABSTRACH The palmysh pam, B bl L, wine (1oddy). i
sponancously fermenid sap abaind flom e and female palmyra i
lorescencs by & process known s “appin’. I the umiemented siate his
s contis 10-16% Wiy soga in the form of sucrose. Afier complete
ddy bas an o average iy alcohol content of 55%

.
toddy was found tc be ml/l.
i ehromatography revaie that the is Icrmentation
it cthanol with varying amounts of metbanol, npropanol isobutarol, cbyl-
acetate and tamyl alcobol. The st three compounds, mainly the ester
eyl acetate, were present i al the samples. analyscd thus. suggesting that
the presonce lof theic compounds could be the cause of the charactsrstic
aroma of palmyrah toddy distillates.

Introduction

The palmyrah palm, Borassus flabellifer L. wine (‘toddy’) is a mild alcoholic
beverage of Northern Sti Lanka and other palmyrah growing countries. It is the
spontancously formented sap of the inflorescences of both male and female
palmyrah.

In fact, the main product of the palmyrah palm is the sap extracted
from the inflorescences by & process known as “apping’. The term ‘tapping’
collectively denotes the artificial extraction and the various processes of stimula-
ting the different sap yielding palms to exude juice from a selected part, for
example, the inflorescences of the palmyrah and coconut palms. The tapping of
the palmyrah palm for its sap is done mostly in India, Thailand and Sri Lanka
whero_there are heavy concentrations of palmyrah. The method of tapping  the
palmyrah palm varies with the sex of the palm and the age of the inflorescence
(Thirukanesan and Theivendirarajab, 1978). The sap obtained from the inflores-
cences of the palmyrah palm is consumed cither in an unfermented stafe (sweet
toddy/neera/pathancer) or in a fermented state (toddy/wine) or it may be consumed
in some processed form such as jaggery.
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From the analytical data presented by Mohanadas (1974), it is evident that
the palmyrah sweet toddy is rich in nutrients and thercfore can be used as a
balanced nutrient medium for the growth of yeasts and bacteria. Hence it
enables the spontancous and quick fermentation of sap by the yeasts from the air.

Unformented fresh palmyrah sap contains 10-16.5%(w/v) sugar, mainly in
the form of sucrose with varying amounts of glucose and fructose depending on
the' dogree of fermentation (Chrystopher, 1985). Duc to the action of wild yeasts
and bacteria, this sugary sap, which has a neutral pH, is fermented to produce
palmyrah toddy, which usually contains 5-6% (v/v) ethanol and hasa pH of
about 3.9 after complets (i and CI . 1983).
This indicates that certain acids are produced during the course of forment-
ation process or after the completion of ethanol production. These acids may
be produced as a result of microbial activity. Palmyrah toddy, when brought
down from the palm, is very sweet and refreshing. But it becomes sour and
unpleasant afier 10-12 hours. This may be duc to the formation of acids in
the toddy samples. However, Cowap and Geake (1932) suggest that even though
more acids are formed during the storage period of toddy samples, the acidity
of toddy cannot safely be regarded as a criterion of its age.

Aleoholic beverages appeal to man for many reasons. Among these are
physiological effects, the appeal to the eye because of the clarity and colours,
the pleasent tastes and the aroma and bouquet which are perceived through the
sense of smell. In general, the aroma of alcoholic beverages is not due to single
“impact’ flavour compound, but to a complex mixture of compounds (Webb and
Muller, 1972).

The sugar, alcohol and vitamin C contents of fully fermented palmyrah
toddy were estimated, and the acids found in palmyrah toddy were identified. The
aroma compounds of palmyrah toddy were also analysed.

Materials and Methods

The total sugar content of completely fermented palmyrah toddy was deter-
‘mined by the Somogyi’s semimicro method and its vitamin C content by the indo-
phenol dye reduction method (AOAC, 1960). The mean alcohol content of
these toddy samples was determined using an ebulliometer and the acidity by
titration.

The identification of the acids produced during this natural fermentation
process was doneaccording to the method described by Randerath (1968). Silica gel
plates of 30C fm thickness were prepared, activated and then spotted with
palmyrah toddy samples. Authentic samples of lactic and acetic acids were
spotted as standards. The chromatogram was developed in a 12 (v/v) mixture
of pyridine and petroleum ether. The developed plates were then sprayed with
the reagent bromocresol purple and the Rf values were calculated.
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Analysis of aroma compounds

Naturally fermented palmyrah toddy samples and samples obtained by
fermenting palmyrah palm sap under different experimental conditions ~were
distilled and distillates analysed on a Varian 2440 gas chromatograph using
operational parameters given below:

Packing material : Poropak Q I.Sm x 3 mm

Operating condition : 80°C - 180°C

Carrier gas flow: Helium, 30 ml / min.

Results and Discussion

The alcohol, sugar, vitamin C and acid contents of palmyrah toddy after
complete fermentation are given in Tabie L. Itis obvious that most of the sugar
in the sap is converted into alcohol due to the action of wild yeasts and
bacteria in the sample. The estimation of the ascorbic acid (vitamin C) content
of palmyrah toddy in the present paper (39.58 mg/l) agrees with that reported
by Sambandham? but is considerably less than that reported by Paulas
and Muthukrishnan, who have estimated a value of 1325 mg/l.  However,
both these studies show that there is an appreciable amount of vitamin C in
palmyrah toddy.

Table 1. Alcohol, sugar, vitamin C and acid content of
completely formented (48h) palmyrah toddy

Average content

"Alcohol (ethanol) %v/v 58
Sugar %w/v less than 10
Vitamin C mg/1.** 39.58

Acid (as acetic acid) %w/v 05

TGy Vitamia C preseutTn the .o of Lacorbie i was esimated

Besides alcohol, acetic acid, vitamin C and residual sugar, palmyrah
toddy also contains varying amounts of yeast and bacerial cells, usually in _the
region of 10¢ cells/ml, The types of yeasts and bacteria present in naturally
fermented palmyrah toddy have already been identified (Theivendirarajah ~and
Chrystopher, 1984; Chrystopher, 1985).

The acid separated on the chromatogram had an Rf value of 0.58 cor-
responding with that of acetic acid. This shows that the major acid produced
during the natural fermentation of palmyrah sap is acetic acid, due to the presence
of which, the fully fermented palmyrah toddy is sour and has a somewhat bitter
taste. This acid may be produced as a result of yeast metabolism or by_bacterial
oxidation of cthyl alcohol produced by the fermentation of sugars by wild yeasts.

2 Sambandham, K. (198%). Neera - the Nectar, Workshop on Pulmyrah
‘Agricultural Organization and Palmyrah Development Boaed, Jaffna, $r
3 Paulss, D & Muthukrishnan. C. R, (1983 The situation of palmyrah in Tndia. Workshop on
organized by the - 00d & Agricultural Organiz tlon and Palmyrah Devolopment Board.

Jaffna, Sri Lanka.

rganized by the Food &
ka.
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Analysis of toddy distillates by gas-liquid chromatography reveals that the
major product of palmyrah sap fermentation is ethanol with varying amounts of
methanol, n-propanol, isobutanol, cthyl acetate and n-amyl alcohol (Fig. 1.
The ester ethyl acetate was present in all the samples analysed, suggesting that
this compound may be the cause of the characteristic aroma of palmyrah toddy
distillates, which are commonly referred to as ‘palmyrah arrack’. Table 2 gives the
major components of the distillates obtained under different conditions.

5 —
Sa 2
a5 o
B 8
599 [S]
O -
2o s
2= €
s -9
[y [ c
X

Fig. 1 Gas-liquid_chromatogram of distillate of toddy obtained from young
fomale inflorescences of palmyrah palm (sample

Number 3).
Table 2. Analysis of palmyrah toddy distillates

Compound | * Sample no. 123 4 5 6 7
Methanol o+ o+ w4
Ethanol o+ o+ o+ o+
n-propanol vt 4+ o+ o 4
Isobutanol LI R S R S
Ethyl acetate + o+ 4+ o+ o+ o+
n-amyl alcohol ot o+ 4
{r=traces
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* sample no. — Description

1 — Distillates of toddy obtained from young male inflorescences of
palmyrah palm

2 — Distillates of toddy obtained from matured male inflorescences
of palmyrah palm

3 — Distillates of toddy obtainded from young female inflorescences
of palmyrah palm

4 — Distillates obtained from non-heat sterilized palmyrah sweet
toddy medium fermented with Saccharomyces cerevisiae

5 — Distllates obtained from non-heat sterilized palmyrah sweet
toddy medium enriched with salts and fermented with Sacch-
aromyces cerevisiae

6 — Distillates obtained from heat sierilized palmyrah sweet toddy
medium formented with Saccharomyces cerevisiae

7 — Similar to sample 6, but fermented with Saccharomyces chevalieri

The mixture of compounds found in arrack other than ethanol is collectively
denoted as “fusel oil’, The differences in fusel oil content of the toddy distillates
obtained from young and mature male inflorescences may be due to the
different microflora found in these samples. Rankine (1967) reported that the
amounts of the higher alcohols formed were not related to the amount of sugar
consumed during the fermentation process; hence the differences in the sugar
content of these saps will not be the cause of the variation in fusel oil content.

1t was found that sterilization of the palmyrah sweet toddy medium prior
to fermentation by the yeast Saccharomyces cerevisiae (previously isolated from
palmyrah toddy) reduces the fusel oil content of the sample. This may be due to
the absence of wild yeast and bacterial strains in heat-sterilized palmyrah
sweet toddy medium, However, addition of salts such as NH.Cl, MgSO4 and
KH,PO, to the non-heat sterilized medium prior to fermentation by the same yeast
strain seems not only to reduce the amount of fusel oil in the distillate but
also to increase the amount of ethanol in the sample. Most probably these salts
may induce the growth of the inoculated yeast strain which may overgrow the
wild yeast strains; the wild yeast strains are thought to be the cause of higher fusel
oil production in toddy samples. Amerine ef al. (1972) also reported that the
addition of ammonium phosphate prior to fermentation, reduces the production
of higher alcohols,

m the results presented, it is apparent that the compositional variation
betwe stillastes may be due to differences in the toddy samples or the
mawration period cmployed. It is found that there are no differences in the
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fermentation patierns of the yeasts belonging to the same genus i.e. Sac.
charomyces cerevisiae and Saccharomyces cheyalieri (both previously isolated from
palmycah toddy). However, as Rankine (1967) and Jeganathan (1981) suggest
the characters of arrack could be altered by selecting the yeast combination for
fermentation and variation may be found in the fermentation patterns of yeasts
belonging to different genera.

The nitrogen content of yeasts also affects fermentation and formation of |
fusel oil (Jha, 1972). The production of fusel oil increases when the yeast has
fecble formenting power and is poor in cell nitrogen. Therefore, the addition
of a high inoculum of yeast, rich in nitrogen, will reduce the formation of fusel
ail.

Rajendrasingh and Kunkee (1976) suggest that there is a close relation.
ship between the control of activities of alcohol dehydrogenase and formation
of fusel oi aleohols. As diffeent yeast strains may have different alcobol de- |
hydrogenase activities, the amount of fusel ol produced by yeasts belonging to |
different genera will vary. |

Tn addition to the strain of yeast and composition of the palm sap, the
production of higher alcohols is influenced by conditions of fermentation and |
distilation.  Volatile acids, esters, aldehydes and fusel oil alcohols are produced |
mainly during fermentation. Acids and fusel oil alcohols distil over with the
“tailings’ whereas esters and aldehydes distil over with the oreshots’. Esters
and aldehydes can be formed even during the process of distillation. Therefore,
theso foreshots’ and “tilings’ are usually discarded during the preperation of
high quality arrack.

The presence of ethyl acefaie in all the samples analysed supports the
earlier conclusion that acetic acid is the major acid produced during fermentation
of palmyrah sap. The origin of the ester ethyl acetate is almost cortainly micro-
biological.

Although most of these byproducts of alcoholic fermentation are very
boisonous if separated out by themselves and given in sufficiently large amouns,
in the proportions in which they are usually found in" arrack (traces), their
action is quite harmless,

Acknowledgement
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OBSERVATIONS ON THE BIOLOGY OF.
NILAPARAVATA LUGENS (HOMOPTERA: DELPHACIDAE)

G. F. RAJENDRAM! AND DAPHNE J. E. DANIELZ
( Depariment of Zoology, University of Peradenlya, Peradeniya, Sri Lanka)

Vingoaam — Journal of Science 1: 8—13 (1986)

ABSTRACT  Studies were carried out on the biology of Nilaparata luges.
(Stal) cultured on rice variety TN 1. Eggs were 0.84 mm long and 0.16 mm
Wide; macropterous aduit male 2.9 mm long ard 1.1 mm wide; female 3.3 mm
long and 1.2mm wide; brachypterous adult male 2.9mm long and 1.0mm wide;
m wide. Mean incubation period of eggs was
9.6 days; lengevity of macropterous adult male was 13.2 days, female 16.4 days;
brachyplerous adult male 112 days and female 11.6 days. These valucs are
compared with esults obtained from studies in Japan and Philippines.

Introduction

The brown planthopper Nilaparvata lugens (Stal) is one of the most
destructive pests of the rice crop in Southeast Asia. It damages the plant directly
through feeding on it and also by transmitting tho virus diseases “grassy stunt”
(Ling, 1972) and “ragged stunt” (IRRI, 1978). Heavy infestation causes drying
up of the plant—a condition known as “hopperburn” (Dyck & Thomas, 1979).

In Sri Lanka, N. lugens was first recorded as a pest in Kalutara district
in 1912 (Fernando et al., 1979). Since then sporadic outbreaks have ocourred in
several areas, mainly in southwestern Sri Lanka. In the last three decades the
brown planthopper has been appearing in large numbers in several districts,
especially Amparai and Batticaloa, occasionally causing hopperburn  (Fernando,
1975; Rajendram, 1982).

Studies on the biology of this pest have been carried out in Japan by
Harukawa (1951), Kuwabara (1956), Suenaga (1963) and Mochida (1964) and in
the Philippines by Bae & Pathak (1970).

The present paper describes the results of laboratory studies on the biology
of N. lugens, including morphometrics, longevity and fecundity.

L Precent address : Depariment of Zeology, University of Jaffia, Jaffa, Sri Lanka.
2 Present address : Fiskris Research Station, Colombo 15, Svi Lanka,
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Materials and Methods

Cultures of N. lugens were obtained from rice fields in Amparai district
and mass cultured in_the laboratory at the Univrsity of Peradeniya on rice
variety TN 1, grown in 25X15X9 cm wooden boxes, kept in 30%25x25 cm fine
mesh cages with plastic doors. The temperature in the laboratory registered a
range of 25 - 29.5° C and relative humidity 30 - 100%. Pairs of adult N. lugens
were reared in 15x 'S cm test tubes into which a 12 day old rice seedling was
introduced and held in place by moist coiton. The mouth of the fest tube was
plugged with cotton. Unless otherwise indicated, a total of 50 observations,
spanning 5 generations, comprising 10 observations per each generation, were
made.

Eggs were obtained by maintaing pairs of N, lugens adults in test tubes
for 24 hours. The rice stems were then removed and dissected under a_ stereo-
microscope in order to locate  the eggs, which wero then measured with the help
of an ocular micrometer.

To study the incubation period, the egg bearing scctions of the rice stems
were nipped off and transferred into 7.5X2.5 cm glass vials and placed on7x2.5
cm strips of filter paper, moistened with tap water. A few leaf blades of the
rice plant, 6 - 7 cm long were also introduced into the vials to serve as food for
nymphs on emergence. Observations were made daily for 15 days after oviposition
to determine the number of nymphs hatching out daily, and the average incubation
period calculated. At the end of 15 days, the stems were dissected out to deter-
mine eggs unhatched.

Studies on nymph size and duration were made by transferring newly emerged
nymphs from the previous experiment, by means of an aspirator, to individual
test tubes. The nymphs were transferred to test tubes with fresh plants every 4
days during the early stages and every 3 days after the ffth instar stage. The
duration of cach instar was noted and the body length measured on the day
of moulting.

Measurement of body length of adults was made on the day of emergence
from the ffth instar, The body length up to the tip of the abdomen was
measured.

Longevity studies were carried out on newly emerged adults reared in pairs
in test tubes. The adults were transferred to test tubes. with fresh seedlings
every 2 days. .

Fecundity studies were also made on pairs of newly emerged adults reared
in test tubes. These were transferred to a test tube witha fresh plant every 2 days,
Observations were made daily for a period of 10 days. The oviposited stem was
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transferred to a 7x2.5 om vial and placed on moist filter paper. The number of
nymphs emerging from each vial was counted. Fifteen days after oviposition the
stem was dissected and the number of unhatched eggs counted.

When two values were compared, t-test was cmployed to determine signi-
ficance; when more than two values were compared, analysis of variance was
employed. Sigaificant contrasts were determined by means of studentized range
q tests.

Results ani Discussion
The dimensions of eggs, nymphs and adult
d

s
Females of both an form:
body lengths than the respective males.

are presented in Table 1,
s had sigaifi Tonger

Table 1 Dimensions of N. lugens Egg, Nymph and Adult cultured on
rice variety TN 1

Developmental Number of Length (min) Width (mm)
Stage individuals (Mean+8D) (MeanSD)
Ege 50 084006 0.164002
Nymph: Istinstar 50 0.70:0°07 0.24£0.03
20d instar 50 1.000.07 042:0.03
3id instar 50 1.4020.14 0.60::0.05
4th instar 50 190:£0.12 085006
Sth instar 50 240:0.10 0.92:0.05
Adult:  Macropterous
Male 50 2.90:0.15 112007
Female 50 3.30:0.14 12005
Brachypterous
Malo 50 2.9020.15 100,03
Female 50 3702027 11004

The incubation period of eggs and developmental period of nymphal instars
are given in Tabl 2. The mean incubation period of 9.6 days is in general agree-
ment with the values of 7.3 to 10.5 days, under temperature range of 23.7° to
25.6°C, reported from Japan (Harukawa, 1951). It is longer than the average of
7.3 days, under a temperature range of 19° to 33°C, recorded in the Philippincs
(Bae & Pathak, 1970).
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Table 2 Developmental Period of N. lugens Egg and Nymph cultured on
tice variety TN 1

Developmental Number of Range Duration (days)
Stage indiyiduals (days) (MeanSD)
Egg 920 9-10 9.6+230
Nymph: lst inster 50 3.4 34049
© 2ndinster 50 2-4 2.3:0.69
3rd inster 50 2-4 285064
4th inster 50 2-4 252057
Sth inster 50 2.5 400,54

Longevity of adults (Table 3) am not differ significantly between males
and females in both Longevity of
13.2 days for macropterous males and 15 4 days for macropterous females are in
general agreement with 12.8 days and 17.8 days respectively reported for N. lugens
cultured on [R9 - 60 in the Philippines (Bac & Pathak, 1970).

Table3 Longevity of N. lugens Adult cultured on rice variety TN 1

N. lugens Nunmber of Range  Duration (days) ~ F-value
Adult individuals (days) (Mean=SD)
Macropterous 7'
Male 20 5-32 132249
Female 20 6-30 164259
Brachypterous
Male 2 7-15 12:32
Female 20 2.2 116540 18

" Not significant at 5% level.

Mean fecunditics (Table 4) of 768 eggs for macroptercus females and 33.0
eges for brachypterous females are considerably lower than 148.5 eggs in the third
generation and 543.1 eggs in the natural conditions recorded in lapan by Kisim.to
(1965), 80> to 809 cggs recorded also in Japan by Kuno (1968) and 244:2 eges per
female, cultured on IR 9 - 60, in the Philippines (Bae & Pathak, 1970). Two
reasons may account for the extremely low values obtained in these cxperiments:
first the values represent eggs faid only during the first 10 days after emergence
and sccondly these represent cggs actually laid — realized fecundity only.
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Table 4 Mean fecundity of N. fugens female cultured on rice variety TN [
during first 10 days afcer emergence

N. lugens Number of  Total umber  Mean fecundity t-valee
Adult individuals of eggs (Mean=SD)  «
Macropterous 1 921 768:8.1
Brachypterous 12 376 33.0+3.3 30¢

= Signidcant at 25% level

N. lugens from Sti Lanka, cultured on IR 9 - 60, was reported to have
Tongevities of 15,8 days for macropterous malos and 16.7 days for macropterous
females and mean fecondities of 75.9 eggs for macropterous females and 45.8 eggs
brachypterous females (Daniel, 1982), These values are similar to those obtained
in these experiments on N. fugens cultured on TN L. These similar values obtained
from TN 1, a rice variery with no resistant gene, and [R 9 - 60, a varicty moder-
ately resistant to biotypes of N. lugens from Philippines, would seom to  confirm
that geographically separated populations of N. lugens are more likely to have
taxonomic differences of biological significance (Claridge & Den Hollander, 1980;
Daniel & Rajendram, 1983).
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ABSTRACT The biology of the predaceous mirid Gyorius fividiemnis Reutee
was studied. Eggs averaged 0.77mm long and 0.20 mm wide; the adult male
2.8 mm long and 0.92mm_wide and the female 2:94 mm long and 1.04 mm

Mean incubaticn period of egs was 7.36 days, fotal nymphal develop-

days. Mean fecundity was 30,08 egas per female. Long:vity and fecundity
of the Sri Lanka population are intermediate batween Philippines and Thailand
on the one band and Hawaii and lndia on the o

Tntroduction

Cyrtorhinus lividipennis Reuter is a predator of the planthopper and leai-
hopper pest complex of rice in Southeast Asia and the Pacific (Chiu, 1979;
Yamatsu ef al, 1981; Liquido & Nishida, 1983), Its significance as a Ppotential
biological control agent of rice pests is due to its widespread distribution in rice
srowing countrics. It has been recorded from India, Sri Lanka, Burma, Indo.
nesia. Thailand. Malaysia, Philippines, Japan, China, Taiwan, New Guinea. Fiji,
Mariana Islands, Caroline Islands, New Hebrides, Guam, Great Nicobar and
Australia (Usinger, 1946; Swezey, 1946; Suenaga, 1963), In Sti Lanka, C. liidipennis
has been reported from the districts of Amparai (Otake et ., 1975; Rajendram,
1982; 1984), Batticaloa, Kilinochchi and Jaffna (Rajendram, 1982; 1984) and
Kandy and Kurunagala (Rajendram : unpublished data).

Studies on the biology of C. lividipennis have been cairicd out in the
ppines (Reyes & Gabriel 1975), Thailand (Tanangsnakool, 1975), India (Samal
& Misray 1977; Pophaly et al, 975) and Hawaii (Liquido & Nishids, 1985). ~ The
present paper describes the. results of laboratory studies on the biology of €.
lividipennis from Sri Lanka, including morphometrics, longevity and fecundity.

Materials and Methods

idipenis were maintained in the laboratory by releas-
d from rice fields in Kilinochehi, into a plastic sleeve
potted plants of rice variety Bg 90-2, 4.5 wecks old,

Mass cultures of C. /i
ing gravid females, collecte
cage (30X25%25 cm) with

! Present address : Deparistof Zlgs, Entan Univeri, Venthanunests, Ghegatod p, 0., S Lanka
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along with different stages of Nilaparvata lugens (Stal) ‘which scrved as the host.
| Rice plants, on which N. lugens fed, were changed regularly. The temperature in
the laboratory registered a range of 26 - 32°C and relative humidity 40 - 92%.

Studies on incubation, fecundity and longevity were carried out on C.
lividipennis, transferred, by means of an aspirator, into a chimney cage. The
chimney cage was made up of a potied plant, of rice variety B$90-2, 4- 5
weeks old, vith a chimney, 20 cm high, fited over the rice plant. ~Various stages
of N. lugens were introduced irito the chimney cage, as required.

To determine the incubation period of eggs, a gravid female C. lividipennis
was transferred into a chimuey cage. After 24 b, the insect was removed and the
plant obscrved daily for 15 days for emerging nymphs. The number of nymphs
was noted and the incubation period determined. After 15 days, the plant was
disseoted, under a dissecting microscope, and the number of unhatched eggs
determined.

Tn studies on fecundity. -a male-female pair of newly emerged C. lividipennis
adults was transferred into a chimnoy cage and observations made daily and the
number of emerging nymphs counted. Aficr 15 days, the plant was dissected
and the number of unhatched eggs noted. At the death of the female, the abdomen
was dissected and the number of unlaid cggs noted.

In studies on nymph size and duration newly emerged nymphs were trans-
ferred singly, by means of an aspirator, into individual test tubes (ISx1.5cm)
containing a Bg 90 -2 rice scedling kept in place by moist cotton. A gravid
N. lugens female was also introduced to provide cggsas food for the nymph. The
nymphs were transferred to test tubes with fresh plants cvery three days, observed
daily for sigos of moulting, the exuviac removed and the duration of instar noted
on the day of moulting.

Aduls were sexed upon emergence and their body longth and width
measured. Longevity of adults was determined by pairing newly emerged adults
in the chimeny cage. They Were then observed daily to obtain data on longevity.

When two values were compared, t-test was employed to determins signi-
ficance.

Results and Discassion

The dimensions of eggs, nymphs and adults are presented in Table 1. The
body length of adult females, 2.94 mm,was slightly larger than that of males,2.88mm-
The adult dimensions are in gencral agreement with values reposted from other
countries. The body lengths of mal and femalo adults and first and fourth instar
nymphs were respectively 2.8, %.04, 0.71 and 209 mm in Philippines, 234, 2.43,
0.86 and 1.98 mm in India, and 3.08, 3.45, 0.85 and 2.18 mm in Hawaii (Reyes &
Gabriel, 1975; Samal & Mlsxa 1977 Liquido & Nishida, )
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Table 1 Dimensions of C. lividipennis egg, nymph and adult,

Developmental No. of Lenth (mm) Width (mm)
Stage individuals (Mean:+S D) (Mean+SD)
Egg 30 0.77+0.04 0.20£0.03
Nymph: st instar 30 0.87£0.02 0.23:0.05
2nd instar 30 1.49+0.20 0.46+0.04
3rd instar 30 1.76:021 0.64:0.10
4th instar 30 2.49:0 30 1.07+0.22
Adult:  Male 30 2.880.16 092:0.12
Female 30 294£0.37 1.04:0.22

The incubation period of eggs, developmental period of nymphal instars
and longevity of adults are given io Table 2. The mean incubation period of
7.36 days of C. lividipennis in Sri Lanka is in general agreement with values of 7.56
days reported from the Philippines (Reyes & Gabriel, 1975) and 7.3 days from
India (Samal & Misra, 1977). The total duration of nymphal instars aiso does
not show much variation, being 11.72 days in Philippines, 12.1 days in India and
and 12 66 days in Hawaii (Reyes & Gabricl, 1975; Samal & Misra, 1977; Liquido
& Nishida, 1985).

Table 2. Developmental period of C. lividipennis egg and nymph and
Tongevity of adult R

Developmental No. of Range Duration (days)
Stage individuals (Days) (Mean+SD)
Ege 30 6- 8 7.36£1.71
Nymph: Ist instar 30 2-3 247:051
2nd instar 30 2-4 2784078
3rd instar 30 2-4 3.00:0.65
4th instar 30 3-4 347:0.57
Adult: Male 30 3.37 16.47:2.60
Female 0 123322.69

—_— 2B BRe
The longevity of males, 16.47 days, is significantly higher than that of
females, 1233 days, (Table 2 1=2.19; P< 0.05%). Longevity values of Sri Lanka
population of C. vidipernis are also in general agreement with the  values reported
from Philippines, 167 days for males and 14.8 days for females  (Reyes & Gabricl,
1973), but considerably smaller than 19.2 and 21.7 days for male and female gdults
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roported from Hawaii (Liquido & Nishida, 1985). In India, Samal & Mista (1977)
reported a combined longevity of 7.4 days for male and female adults while Pophaly
et al. (1978) reported a combiued iongevity of 40 days.

Mean realized fecundity of 30.08 cggs per female in the present study is
higher than 13.5 cgas reported from the Philippines (Reyes & Gabricl, 1975) " but
lower than 98.71 eggs reported from Hawaii (Liquido & Nishida, 1985).

Ecologically, change in body size has been related to competition for and
allocation of available resources (Price, 1975). Liquido & Nishida (1985) reporting
on variation in number of nymphal instars of C. lividipennis from different countries
concluded that the inconstancy in the number of moults had not influenced the
integrity of the quantitative genctic expression of body size. The present results
confirm these conclusions.  We can also confirm that there is no apparent
adaptive reason for C. lividipennis to alter its body size.

Although Liquido & Nishida (1985) maintained that high fecundity and long-
evity in the Indian population of C. lividipennis as reported by Pophaly et al.
(1978) combined 1 and k- stretegist characteristics of long adult life and high
fecundity, they concluded that there was no apparent relationship between long-
evity and fecundity, These findings are also confirmed by the present study.
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Tutroduction

The canker disease of citrus, Citrus aurantifolia (Christm) Swingle, was
carlier thought to be caused by the bacterium, Pseudomonas citri which was
subsequently renamed Xanthomonas citri (Hasse) Dowson and reported by Agrios
(1978). This is one of the commonest diseases of citrus plant and is world
wide in its occurence. The pathogen affects mainly the leaves, fruits and
sometimes the stem.

The bacterial canker of citrus has been observed in all citrus growing
areas in Jaffna and the disease may probably have been the cause of the decline
incitrus yields in Sri Lanka in the recent past. The frequent occurrence of this
disease on_citrus plant prompled the present investigation on some aspects of the
biology of the discase causing organism.

This disease has been obscrved in many plants of the citrus group,
including orange, grapefruit, lime, mandarin and takity scedless variety, Obser-
vations have shown that orange appears to be the most resistant to bacterial
canker, whereas takity seedless appears to b the most susceptible variety.

1. Presont address : Department of Biology, University of Guyana, Georgetown, Guyana
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Symptoms of .the disease are casily noticcable in leaves where they
appear as circular, brown, necrotic areas with scabby excrescences on the leaf
surface. These areas are surrounded by a pale greeit or yellow halo. As the
discase advances the affected area becomes corky.

Damages on the infected leaves reduce the photosynthetic area and asa
consequence the productivity of the plant will be affected. Infection on the
fruits creates an ugly appearauce and such fruits undergo spoilige more
quickly. 1t was therefore decided to study the pathogen and to cxplore  possible
chemical control measures against it.

Materials and Methois

Isolation of pathogen and host soarce

The pathogen Xanthomonas citri was isolated from leaves of naturally infected
citrus plants. Infected portions of the leaf tissue were macerated with sterile
distilled water, after surfacs sterilization with 0.01 M meronric chloride solution,
The suspension thus prepared was streaked on nutrient agar medium and the
plates were incubated at room temperature for 2-3 days, The bacterial culture
was purified and maintained as a mono-calture. For long term study the cultre
was keptin a refrigerator.

As 4 source of host material leaves obtained from healthy Citrus aurantifolia
plants were used. Inoculation was carried out generally on the leaves between
the second and seventh positions on the twig, as they showed fair susceptibility
to the discase.  Before inoculation the leaves were surface sterilized and
subsequently washed thoroughly with distilled water.

Tnoculation of leaves

During inoculation, ~pricks were made gently on the leaves to cavse

minute non lethial wounds by means of a sterile pointed needle, The leaves
vere then dipped in a sample of bacterial suspension which was prepared b
suspending a loopful of the inoculum from a 24 h old culture in sterile distilled
water. The concentration of the inoculim was usually determined prior to
inoculation with a haemocytometer.

. Ater inoculation the leaves were kept in transparent plastic boes lined
_w-fm _moist blotting paper and incubated at room temperature. The extent of
infection was assessed after cight days of incubation, as the mean number of |
infection sites obtained per leaf.

Studies on the course of development of dissase

Initially the development of  infection i
y : n on leaves was studied under
laboratory conditions. For this purpose, leaves that were inoculated with the
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biterial suspension were kept in humid transparent plastic boxes and maintained
aroom temperature. The leaves were examined for changes associated with the
discase daily for about twelve days.

Similar studics were made under natural conditions on plants that were
grown in the botanical garden. For this purpose, actively growing healthy twigs
were sclected and the feaves inoculated with bacterial suspension aud observed
for symptoms upto a period of three weeks. :

Transversc sections of the leaves through the infection sites were examined
to discern the morphological and histological changes associated with the disease.

Eifect of different methsds of fnoculation on the exieit of iafcction

It was felt desirable to investigate the effect of different methods of
inoculation of the pathogen to sec which method was the most effective in
causing infection. Tor this purpose, surface sterilized citrus leaves were divided
info three sets, One set was inoculated by dipping the lcaves that “were not
subjected to prior wounding, in the bacterial suspension. Auother set was sprayed
with bacterial suspension using an atomiser. This sct 00 was not wounded. Thie
third set was inoculated by treating with the bacterial suspension after  pricking.
All three sets were kept under identical conditions. Counts on the number of
infection sites were made after eight days of inocuiation.

Effect of physical factors on extent of infection

Lifect of inoculum density. Bacterial suspensions of different concentrations
were used to inoculate leaves of similar 2ge by the pricking method and the
mean value of infection sites per leaf was calculated.

Effect of temperature. [n this, sts of leaves were inoculated with bacterial
suspension by the pricking method and incubated at 250 C, 30° C and 35° C and the
mean number of infection- sites per leaf calculated.

Eiffect of moisture. Droplets of bacterial suspension were placed with a
micropipette on leaves that were wounded, In one set of leaves the droplets
were dried immediately afier inoculation and the other set was kept wet through-
out the period of incubation and the symptoms assessed as above.

Tffect of chemicals on bacterial growth
The effect of Bordeaux mixture, Antracol, Copper Sandoz, Cupravit,
in, tetracycline and were investigated on the bacterium
grown in nutiient agar medium (Wheeler, 1969; Mchrotra,1980). For each chemical
the compound prepared at concentrations of 100 ppm, 500 ppm and 1000 ppm
was incorporated separately into molten nutrient agar. These plates were sceded
with 0.10 ml of the bacterium at a concentration of 103 cells/ml.  After two days
of incubation at room temp:ature the number of colonies that developed in each
plate was noted.
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Effect of chemicals on development of infection in leaves

Tt was pertinent to find out if the chemicals used in the in vitro study
in the previous experiment had a similar_or Variable effect on infection on the
leaf. Leaves were surface sterilized and dipped in different concentrations of
chemicals used in the previous experiment. After air drying the leaves were
soaked in the bacterial suspension after making pricks and incubated at room
temperature in petri dishes lined with moist filter paper. Controls were
maintained.

Results
Course of disease development
Symptoms began to develop as brown spots on the fourth day after
Jati the arca ing these spots became pale green in
colour. By the sixth day, the surrounding area turned yellow and by this time
light yellow corky out-growths appeared from the contre of the lesions. By
about the eighth day after inoculation the center of the lesion turned brown and
became hard. These resembled the typical canker symptoms observed in plants
in the field.

In similar studies undertaken under natural conditions on plants that were
grown in the botanical garden, the symptoms began to appear by about tho
fourth day after inoculation but typical symptoms appeared only afier eightecn
days.

Although the disease was observed on the upper and lower leaf surfaces
the symptoms were more prominent on the upper surface. The affected areas
showed the presence of corky protuberances. Both the palisade and spongy
parenchymatous tissues were damaged. The infected cells became necrotic. The
bacterial cells were found intracellularly within the mesophyll cells

Methods of inoculation
The mean values of the number of infection sites per leaf as a resuly

of pricking, spraying and dipping the leaves in the bacterial susp

<nsion were
7%3, 241 and 241 respectively.

It appears that all three methods are effective in causing infection, However,
pricking has been more successful in causing infection than the other two
methods. This suggests that ove of the prerequisites for successful infection is
wounding which might happen under natural conditions when leaves can be
damaged by wind, insects, or during handling of the crop, .Infections that
appeared on leaves that were not pricked suggest that the bacteria could also
enter the leal through natural openings such as stomata.

Effect of physical factors on the development of infection

N ‘Iiilfec! of inoculum density. The results given in the Table 1 show that
acterial concentrations of 108 cells/ml and aby ired i
et Lomoentra /1 ove are required in order to cause
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Table 1.~ Effect of inoculum density on the production of infections.

Concentration of bacterial Average number of infection
suspension in cellslml sites per leaf (Mean(SD)
100 91
100 7+1
107 . 6:1
108 430
100 0
104 T

Effect of temperature. Observations on the number of infection sites
revealed that at 30° C the infection was higher suggestiog that this temperature
favours infection.

Effect of moistare, It was observed that symptoms developed equally on
the leaf surfaces that were kept moist after inoculatios well as in those
which were dried immediately after inoculation. This indicates that the bacteria
can cause infection under both wet and dry conditions,

Effect of chemicals on bacterial growth. On nutrient agar medium the
bacteria formed light yellow coloured colonies which were spherical with entire
margin. The colonies were shiny with a convex surface. Individual bacterial
cells were rod shaped without a capsule. They were gram negative :md possessed
ouly one flagellum. The cells measured 15 fm long and 7.5 fm wid

The effects of the different chemicals on bacterial growth in nutrient agar
medium are given in Table 2.

Table 2. Effect of chemicals on bacterial growth

Concentration Average mumber of colonies pe: plate
o chenicals on different chemicals_(Mean +SD)
Gpm) - Bordeaue Chloram-_ Tetra- Copper Cupravit Autracol Sirepfo-
ture phenicol  cycline Sandoz mycin

0(Control) 926:+7 93048 928414 93113 920+9 926118 92918
1 +39 0 0 103£5 302x11 3135 102+
500 6248 0 0 39£5 261£10 11746 59+5
1000 354511 0 0 214 22138 0 16+2
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The results indicate that chloramphenicol and tetracycline reduced the
development of the bacteria dramatically by conpletely suppressing its growth
at 100 ppm. Copper Sandoz, Antracol and streptomycia ars effective in control.
ling the bactorial growth at a concentration of 1000 ppim, on atificial medium

Effect of chemicals on the developmeit of infection i leaves.

The results of this investigation are given in Table 3.

Table 3, Effect of chemicals on the development of infection in citrus leaves

Concentration Average number of infection_sites 7 leaf
of chemicals different _chemicals (Mean 4: SD) -
(ppm)  Bordeaux cﬂ?raﬁ Tetra- Copper Cupravit  Aniracol Sirpio-
mixture  phenicol ~ cycline Sandoz mycin
0 (Control) 71 8xl  9x2 7%l 7+ 71 9%l
100 4x1 241 0 310 61 6£2 240
500 410 151 0 1xl 340 4xl 1x1
1000 752 0 0 10 1£1 410 19

Tetracyeline is highly successful since it completely inhibits the development
of the symptoms in the leaves even at a concentration of 100 ppm, whereas
chloramphenicol, streptomycin, Copper Sandoz and Cupravit are successful to a
high degree at a concentration of 1000 ppm.

Discussior

Bacterial canker discase of citrus caused by Xanthomonas citri is one of
the feliar and fruit diseases of citrusand has been found to cause infection in
all groups of citrus plants. No systematic study of the disease has so far been
carried out in Sri Lanka. Since there are no records of the damage caused

to the citrus plant by the pathogen it has been difficult to estimate the quantitative
Tosses or damages.

As a result of infection centres becoming necrotic and the development of
corky protuberances on the leaf surface, the available photosynthetic area
becomes less, which impedes the rate of photosynthesis in infected leaves. ThiS
will naturally affect the growth of the plantand the Occurrence
of disease on the fruit certainly impairs the quality of the fruit. Howeter,
further studies are necessary to assess these adverse effect:

LS
El
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The present investigations have also indicated that the pathogen gains
access to leaves through natural openings such as stomata and through wounds
caused artificially.  However the latter seems to cause severe and successful
infections. Also wounding of fruits caused by insect borers is the primary cause
of bacterial entry into fruits.

The requirement of the relatively low temperature and the presence of
moisture on leaf surface may suggest that infections can be severe during rainy
scason. But the disease is also severe during dry conditions, This may be
partly due to the low temperature prevailing in the night which is conducive
to the entry of bacteria.

No control measures have so far been adopted against the bacterial
canker of citrus. The present study indicates that particularly tetracycline along
with the chemicals chloramphenicol, streptomyein, Copper Sandoz and probably
Cupravit can be used at low concentrations for the control of the disease.

The present investigation only reveals certain conditions that favour disease
incidence and provides some information on certain aspects of the biology of
of the discase and the effect of some chemicals on the discase. Further studics
are necessary to assess the extent of damage caused by the pathogen to_citrus
plants and to dovelop methods to suppress the discase under field conditions.
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ABSTRACT An investigation was carried out on the incidence and severity of
the fruit rot discases of brinjal, Solrum melongena L. Eleven species of fungi
associatea with brinjal have been isolated and idestified. Pathogenicity studics
have revealed that five of these fungal species are responsible for cavsing rot
briojal. These are Phona spp., Botodiplodia theobromae, Rhizopus spp.,
‘Absidia spp., and Fusarium spp. . The chief symptoms produced by these bave
been recorded.

Tntroduction

Brinjal, Solanum melongena L. is an economically important fruit and
js used as a vegetable throughout the world. Fruit rot of brinjal is an important
post harvest disease that causes considerable losses during transit and marketing
of the fruit, Itis widely prevalent in the Jaffa district in Sri Lanka, parti-
cularly during storage and transit of the produce.

Materials and. Methods

General. The brinjal variety Thirunelvely purple was selected for this
investigation. The survey was carried out during two harvesting seasons, the
rainy soason extending during the months of November and December and
the dry harvesting scason during the months of March and April, on local
plantations, and subsequently at the markets in Thirunelvely and Atchuvely
in Jaffna district. The incidence of the fruit rot was assessed as a perceatage
of the sum total of fraits at each location. A cross section of the farmers
and vendors at the markets was also interviewed on the bandling techniques
and losses occuring during harvest, in transit, during storage and at the stalls.

Isolation of the pathogens. Rotten fruits were collected from plantations
and markets for investigation in_the laboratory. The pathogens were isolated
by cutting discs (3 mm thick) of rotten tissue under aseptic conditions, after
surface sterilization in 0.01% mercuric chloride. The discs were then plated
on malt extract agar and incubated at 30° Pure isolates of the causative
organisms were obtained by the standard technique.

Preseat address : Departmeat of Biology, University of Guyana, Georgetown, Guyana.
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Determination of the pathogenicity of the fugi. Healthy fruits were
surface sterilized and later washed in three changes of sterile distilled water.
A short cylinder (4 mm long) was bored in the fruit witha cork borer (LS cm
diameter), making sure that the bored tissue was intact within the fruit after
the cork borer was withdrawn. Two drops of the spore suspension (density.
48X10%/ml) of an isolate were placed around the outline of the wound
caused by the boring. Comparable controls too were placed inside plastic
boxes lined with moist filter paper and regular observations made. Reisolation
of the organisms was carried out and Koch’s postulates established.

Results aud Discussion

Fungal species associated with the rot
Effen specles of fungi were found to be associated with brinjal fruits
in the present investigation. The fungal species encountered are listed below ;

1) Phoma spp.
2) Botryodiplodia theor
3) Fusarium spp.
4)  Rhizopus spp.
Absidia spp.

6) Nigrospora spp.

) Bipolaris hawaiiensis
8 Curwilaria clavata

9) Trichothecium roseum

0) Cvlindrocarpon spp-

1y Cochliobolus australiensis

o

Test for Pathgoenicity
elven fungal species ~encountered,
only Phoma, B. theobromae, Fusarium, Rhizopus and ~Absidia. were found to be
pathogenic.  Previous reports have mentioned only  Phomopsis vexans
s the causative agent of the fruit rot of brinjal (Pawar and Patel, 19575
Abeygunawardena, 1969; Chowdhry and Hasija, 1979)-

Conditions favouring incidence of severity of the disease

Harvesting of fruits is done manually. In the course of the survey it
became evident that as a result of some of the handling practices adopted
during harvesting, packing and transportation, a sizeable percentage of the
fruits acquired wounds which ted the development and spread of the rot
disease. Insect boring of the fruits t0o was commonly observed both in the
fields and in the markets which too made the fruits more susceptible to
infection,

The incidence of fruit rot in the field was low, (1-4%). However,

in plantations where harvesting was unduly delayed. higher levels of incidence

(10-70% )were recorded. The incidence and severity of the rot appeared fo

increase from the fileds to the markets where as much as 30% and 40% of

the produce was lost during the dry and rainy harvesting seasons. respectively.
1
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Chief symptoms exhibited by the different fungal species

Phoma spp. The discase first appeared as minute dull sunken and dusky
purple spots which later merged forming large rotten areas with concoutric
rings of fungal giowth, Within one week, the rotten areas became covered
with black heads, which when mature produced conidia At a later stage the
infected fruits were observed (0 be covered with grey mycelial mats from
which numerous pycnidia developed. There has been a report that the species
Phoma s the same as Phomopsis vexans which is known to cause fruit fot in
brinjal; ¢ Chowdhury and Hasija, 1979 ).

B. theobromae. The appearance of symptoms occured only 5-8 days after
inoculation. Initially water soaked lesions appeared, but as the disease pro-
gressed, the infected regions appeared dark brown and depressed, being surround-
ed by a water soaked halo. At later stages (15 days after inoculation), ~the
lesions became covered with greyish mycelium of the causative organism and
numerous pyenidia developed on tnem.

Rhizopus spp. The symptoms started appearing 24 hours after inoculation
as circular pale brown water soaked areas which cularged rapidly covering a
grater part of the fruit. The flesh became soft and succulent. At later stages
approximately four days after inoculation, whitish grey mycclium covered the
surface of the collapsing fruit.

Absiaia spp. The symptoms produced were very similar to those caused
by Rhizopus spp.

Fusarium spp. The symptoms appeared 2 —3 days after inoculation as
water soaked lesions, which were not as well defined as in the rot caused by
Rohizopus spp. The lesions enlnrged, rapidly, turned brown and were covered by
a white mass of mycelium which appeared powdery.

High humidity was found to enhance the growth of these fungi. The
rots caused by Piioma spp. and B. theopromae were by far, the soverest,
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ABSTRACT Chioridaand Hardneseconcanratone i graund watrof “dffoa
the aid of Time sis and Stochastic
Drocesses i siaistcs. Theares seloctedfor thie roserch conistsof the

wesiomporion of dfina peinau, S1Lanke wiich s mard s ffoe
‘rea by fhe Water Resourcos Board (WRS) of Norhera Region of Sri
e i “araa oy alaht samios, for Which su_coesive monthly

to Juno 1984 were selectd for analysis. The findings show that while
the chlorids concentration incroasod with time significantly, Hardness tands
to remain unchanged.

Introduction

Ground water is a major natural resource of Jaffna peninsula, Sri Lanka,
and it has been used for domestic, agricultural and industrial purposes. The
mand for ground water has increased considerably over the past two decades.
Ralnfall is the only source of recharge for the ground water. Seasonal rainfall,
its high variability and over-cxtraction are the factors which cause_the salinity
problem in ground water to an alarming degree (Puvaneswaran, 1986). The
mm of this work is to analyse the chemical properties such as Chloride and
Hardness concentration of the ground water over a period of 66 months from
January 1979 to June 1984. An attempt is also made to predict the future pota-

bility of ground water resources in a particular area in Jaffna t

. Materials and Methods

The area selected for this research is the western portion of Jaffaa
peninsula, which is a triangular area having vertices at Jaffna town, Moolai
and Thondaimannar (Fig, |

Monthly data were available for chloride aud Harduess for a period of
66 months from January 1979 to June 1984 at the Water Resources Board
(WRD), Jaffna, No data are availablo after this period. The WRB has colleoted
water samples from 250 wells on a random basis in the ‘Jaffna arca”. Howeves
only 10 Samples gave successive data for the period specified above. These
wells were plotted on a map to show spatial distribution of the wells and
purposive  sampling method was then applied to a select sixty eight wells
among them Figures L and 2. When selecting the wels, duo attention was paid
to obtain a minimum of one sample and a P m of four samples from a
given place to represent the study area. how_many samples
should he selected from a place depended on |he loml number of wells in that
area. The sample sizes selssted in cach place depended solely on the density
of the population, Since purposive sampling method was used, a certain
amount of subjective decision was also involved in selecting the samples.
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Fig. 1. Distribution of the sampled wells,separated on the basis of increasing
(®) and decreasing (O) chioride concentration trends in the study area in
the Jaffna peninsula,
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Fig. 2. Distribution of the sampled vells, separated on the basis of increasing
(®) and decreasing (O) hardness concentration trends in the study area
in the Jaffoa peninsula.
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Although data were available for only a short period of 66 months an
attempt has been made to use these data to elucidate some facts about the
ground water in Jaffna. The locations and samples selected for this study ang |
the actual numbers of samples at each location are given in Table 1. {

Table 11 The distribution of the sumples used for analysis, in the different locations, |
i ‘area slocted in Jaffna peninsula. (Source: Water Resources

Board, Jaffna).

No. Place Sample numbers Number of samples
1. Jatfna 393, 396, 457, 460 4
2. Thirunelvely 380, 386 2
3. Nallur 233, 208, 309 3
4. Kokkuvil 377, 384, 385, 412 4 |
5. Kondavil 313, 316, 870 3 |
6. Anaikoddal 406, 464, 470 3 {
7. Manipay 428, 435, 449, 453 4
8. Urumpiray 208, 342, 360 3
9. Kopay 3 2
10. Maruthanamadam 348, 356, 442 3
1. Neervely 159, 233 2
12, Chunnakam 43, 328, 332 3
13, Vasavilan 80, 81, 87 3
14, Atchuvely 91, g6, 101 3
15, Thondaimanaru 85, 90 2
16. Telippalai 38, 53, 67 3
17. Kankesanthurai 58, 59, 60, 63 4
18. Keerimalai 48, 49, 55 3
19. Pandattarippu 02, 28 2
20. Mathagal 29 1
21, Siththenkerny o1, 14 2
22, Chankanai 17, 500 2 |
23, Moolai 06, 524 2
24, Analy 536, 540 2
25. Vaddukoddai 515, 528, 530 3

‘The chloride level which i related to the salinity of water is the Chloride (C1)
concentration in water. Tne Harduness level is the total concentration of Calcium
(Ca), Magnesium (Mg) and Sulphate (SO,) in water. Since the percentagt
composition of other substances such as Manganese (M), Iron (Fe), Copper
(Cu), Phenolic compounds and Carbon-Chloroform extract were very low in the
Jaffna ground water, these were not analysed. For Stochastic processes, ¥
data were classified according to the drinking water standacd specified by th°
World Health Organization (WHO) listed in Table 2.
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Table 2: Drinking water standand for different substances found in water specified
by World Health Organization. (Source: Water Resources Board, Jaffaa. )

Substances Maximum Maximum
acceptable level allowable fevel
Manganese 0.100 0.500
Iron 0.300 - 1.000
Copper 1.000 1.500
Calcium 75.000 200.000
Magnesium 50.000 150 000
Chlorine 200,000 600.000
Sulphate 200.000 400000
Phenolic 0.001 0.002
Carbon, Chloroform extract 0.200 0.500
Results

Trend Analysis

The observed monthly data (January 1979-June 1984) consist of 66 monthly
time series values of Chloride and Hardness. These data can be analysed with the
aid of time series analysis doscribed in Appendix 1. Five -month moving averages
have been calculated for Chloride and Hardness to find the linear trend. The
original observations, second step moving average trends and linear _trends of in-
creasing and decreasing Chloride concentration are illustrated in Fig. 3 and 4 for
two samples namely well No. 393 and well No. 396. The linear trend values deri-
ved reveal that Chloride concentration decreases to 3.37 ppm / month in sample
well 393 and increases to7.26 ppm / month in sample well 396.

From the trend analysis 136 trend equations were found for Chloride and
Hardness, By considering the tangent of cach line one could find whether the line
decreases or increases. If a trend line decreasss, the time scries generally decroacs
and Vioew'vc:u. The findings are given in Fig. 1 and 2,

Seasonal Anal;

Among one hundred and thirty six time series of Chloride and Hardness,
only one time series was selosod for detailed study of seasonal analysis and the
seasonal indices have been found. The Chloride concentration in sample 460 in
Jaffna town was selected for a detailed study. In this analysis one year Was
considered a short run and the twelve months considered were twelve seasons.
Seasonal fluctuations (Indices) were obtained by using the original time serios.
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Fig. 3, Chloride concentration (ppm) in the water sampled from well No. 3%
over a period of 66 months, showing the decreasing trend. Curve (1) sho¥s
actual values, ourve (2) the moving average and curve (3) the lineal
trend.
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2000,

Months

Fig, 4, Chloride concentration (ppm) in the water sampled from well No. 399
over a period of 66 months, showing the increasing trend.  Curve (1)
shows actual values, curve (2) shows the moving average and (3) the
linear trend.
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The additive model: 0=T+S+R is used, where O, T, S and R are original
observation, trend value, seasonal variation (regular patternyand residual variation
(irregular pattern) respectively, [n this model, trend values are calculated by finding
the first step five month moving averages. The sixty observations from January
1979 to Decomber 1983 were used for this analysis. Table 3 gives the seisonal in.
dices of this sample. The cyclical movement (long run regular pattern) is neglected
here because the period of data callzction is fairly short.

Table 3 Seasonal indices for chloride concentration (salinity) in sample well No,
460 in Jaffna town.

Season Fluctuation Season Fluctuation
January —288.721 July 35379
February —i5.471 August —16.021
March 4.379 September —122.821
April 17179 October 102479
May 25579 November 277,029
June —23.221 December —55.471

It is seen from the table that seasonal indices reached their highest value
(277.029 ppm) in November and their lowest value (—288.721 ppm) in January.
Prediction

From the above trend analysis and seasonal analysis the appropriate

value of this sample for a specified month can be predicted. For July 1987 the
value will be as follows:

y=803.89 —0.29 [12(year — 1979)]+Month - 33
If we substitute year=1987 and Month=7 (for July), -
803,89 —0.29 [12(1987 — 1979)] +7 — 33
83.59.

By assuming that the residual variation in July 1987 is in 0, the predicted value
will be as
o

Stochastic Analysis

Stochastic analysis was used to analyse sample No. 460. The technique
used in this study was successfully used in hydrological problems (Todorovic,
1978).  The two state Markov-Chain described in Appendix IT was used for the
analysis. The states of the concentration GOOD or BAD are denoted by G or B.



December 1986 Elankumaran: Potability of Jaffna Ground Water 37

If an obsorvﬂﬁm, lies between the maximum acceptable and maximum allawable
concentrations, it is classified as “GOOD” state and otherwise it is classified as
“BAD" state. For Chioride these limits are 200 ppm and 600 ppm and for
Hardness .300 ppm 750 ppm.

The state space is S=(G,B). The classification of states and transitions
of states are given in the following Markov process
GGGGBBBBBBGGGGGBBBBBBBBGBBBBBBBBBEG
BBBBBBBBBBBBBBBBBBBBBBBBGGGG

The first step transition probability matrix is found and is;
G B

G/ 071 0.29
P=
B\ 008 092
The limiting probability matrix s calculated as
G B
G /02162 0.7838
LtP =
B\ 0.2162 0.7838
Discussion

Among sixty eight samples selocted for this study, twenty seven are
decreasing and forty one are increasiog in Chloride (Fig. 1). O the whole,
increasing chloride samples elucidate the alarming situation of Chloride problems
on the basis of statistical analysis. Therefore dus attention has to bo paid to
monage the ground water resoutce before it reaches a stage where no planning
could solve this problem effectively. Fig. 2, reveals that uolike Chloride
concentration there is a balance between increasing and decreasing trends in the
Hardness concentration in the samples studied. Among the sample wells, while
thirty four show the increasing trend, the rest are decreasing. From the Stochastic
analysis it is found, in the long run the probability limit of GOOD state to BAD
state of ground water for a particular area in Jaffoa town (Sample No. 460-
Fig.3), is as given in the following form.

Pr (GOOD) = 02162

Pr (BAD) 0.7838
By comparing the abovo limiting probabilities it was elucidated hat the chance
for u *“BAD” state is more probablo than the chance for a “GOOD” state
in the ground water of « particular area in Jaffna town.

The changing Chioride concentration has become a major problem in

the ground water of Jaffna peninsula. Most of the fresh water wells face
salinity problems seasonally or yearly. This may be due to intensive farming
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practices using chemical fertilizers and pesticides which leach through soils and
mix with the ground water, Further, over-exiraction of water by machine
pumping could also aggravate the salinity intrusion into the fresh water lens. The
wells which are not subjected to the above problem may have better recharge
conditions.

On the basis of the above analysis in the particular area, we conclude that
the ground water of thisarea will become unsatisfactory. Percentage chloride in the
water of the wells in this area may continue to increase leading to drinking
water problems, Some drinking water wells may have to be eventually aband.
oned. Similar analysis for other stations will give meaningful results of the
nature and type of water and its future potability. The need for more in-
depth study of this problem in the future is indicated by the results.
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Trend Line Appendix 1

_ Thetrend is the long term movement of a time series. We are interested
in findiog a trend in terms of an equation and expressing it graphically. Wit
given data, a graph is plotted, and the problem bscomes ons of fitting a_straight
Jine to the data s0 as to show the long-run gradual growth of the time sorics.

In this paper since the observed values of each time series is givea from
January 1979 > June 198, the linar trend valucs for five month ::o:fi..g;::arf:ses
are in the months of September and October 1981, When the linzar tread line
on the scatter diagram of a particular sample is plotted, January 1979 could be

taken as origin when September and October 1981 will dth
positions respectively on the time axis. o il securs the 33rd and 3
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Since we have the trond values for these months on time axis i
could messar tho 1alus of Shse 1o pints 0 servation s (Y ). e
‘e have two points on X—Y plane. This can be used for plotting the lincar trend
line of the time series given for the sample. 1f we let the respective trend values
bey, and y2, then the two points are (33, y;) and (34,y2) for the linear trend line.
The equation of the trend line can be written as follows:
=1 + (Ya—y1) (X—33); 1f we modify i i ;
o & SARE oo ) odify the time variable X as;
the modified cquation will be as follows;
y=y; +(y2 — ¥1) (12 year — 1979) + Month — 33
By using the above equation sixty eight trend lines for the Chloride and Hardacss
concentration of each sample have been obtained and these could be used for
forcasting for any month of the year after having derived appropriate seasonal in-
dex for a particular month.

Appendix IT
Transition probability matrix
For a homogeneous markov-chain the nth step transition probability finction
for the n transitions from the state i to the state j is given by
0)=Pr[Xn = /X 0=i]
If the number of states in this markov chain is finite we may express these
probabilities by a transition probability matrix.

In this paper, since two states were considered a 2x2 transition pro-
bability matrix was constructed. If the first step transition probability matrix
of this two state Markov-chain is

i—a a
P= Vi o<a, b<t
b 1—b

then the nthslep transition probability matrix can be written as:

b, al—a—b _a__ w-s—b
@+b) @+b) @+b) (@ +b)
P= n
b bl — a b(l
@0 fayxb)  @Fo) @+b)

where 0< =a,b< = and —I<l—a—b<I

For the limiting probability distribucion of states,

b oa
1

Lt (P )=

-’ alth $b @
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A NEW METHOD FOR CULTURING SEEDLINGS OF
PALMYRAH PALM BORASSUS FLABELLIFER L.
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(Department ol Botany, Uriversty of Jafina, Jafina, St Lanka.)

Vingoanam — Journal of Scievce 1: 40—43 (1986)

ABSTRACT  The remotive mode of geimination of palmyrah, Borassus
Jlabellfer L. seed does nt permit gecrination in handy transportable contaiaers.
‘Secc-free tubers initiatad roots whin planted in a medium maintained at
35 C, providing o basal temperature 10°C above ambient. ~The rooted
‘tubers could be grown in haudy polythenc bags subsequently.

Introduction

The palmyrah palm, Borassus flabellifer L. has now been recognised as an
underutilised palm of Asia and Africa. Endowed with characteristic pest and
disease resistance and requiring very limited agricultural inputs, its potential as a
plantation crop for the developing countries of the tropics remains largely un-
tapped—Kandiah'. The FAO/DANIDA sponsored workshop on the palmyrah
palm held in Jaffna, Sri Lanka in February 1983, highlighted the need for scientific
investigation into many aspects of growth and cultivation of the palm. Kovoor
(1983) subsequeutly reviewed the current state of knowledge of the palmyrah palm.

Mot of the palmyrah palm stands of the world today are unplanned natu-
rally established seedlings of the palm. Dearth of land and increase in population
in the regions of palmyrah has already checked such natural establishment of
palmyrah, Purposeful planting and protection of palm seedling has now become
a necessity.

Seedlings raised in nurserics fail to re-establish in the field after transplanting.
Raising secdlings in transportable nursery bags or pots has proved difficult due to
the mode of germination of.palmyrah seeds being ‘remotive’, where, on germination
the cotyledonary sheath (apocolon) elongate into the soil to considerable depth
carrying the embryo with it (Dassanayake and Sivakadachcham, 1973). The
authors found that the apocolon grows out through the container and establishes
in the soil below the container defeating the purpose of planting the sced in
containers ~ Fig. 1 ().

1. Kar \ . (1983) Some aspects of botany and ecology of the palmytah palm, Borassus flabel-
lifer L FAO ) DANIDA Palmyrah Workshop, Jafioa, Sri Lanks.



“wop=—tug ‘$Eq A3 0) PAULJUOD A1 51001 (¥) UL AYI[UN “DION ‘SBq OUAYIAIOA 46 X b UI UMOIS SIGEA PAIENITI 1001
PIO guowr-9[ (o) “GopEuIwIF 210j2q PARS=(S “UO} 1001 10§ pasn s19qn (q) 1001 d) UINOIF=1L, ‘TILIS
KIeUOpoj100 m “HqnL=1 ‘oA9] [105=s ‘Beq WaAI0d 46X aL UT PoIEUILIE paog (v) Saypaas yeikwied 1OId

@ @)

Palmyrah Scedling Culture 41

December 1986  Kandiah and Mahendran :




2 Vingnaam - Journal of Science Vol. 1, No,

Palmyrah seeds planted in situ in tho field establish poorly and percentage
success was found to be as low as 10-20%, (Palmyrah Board, Sri Lanka - persong)
communication) even theugh Paulas and Muthukrishnan? reported more than 503,
germination in two months in nursery beds. Henoe planting seed in situ in the fiold
is not an ideal means of establishiag a well planned plantation.

Kovoor (1981) suggests a more sophisticated approach to this prob'em, in
the culture of excised embryo in vitro on appropriate aseptic medium, The intricate
nature and expenses involved in this method are beyond the reach of the grower in
the developing countries of the tropics. Kandiah® reported that it is possible to
induce adventitious roots on tubers (Seed-free scedling before the emergence of first
leaf - Fig. | (b)) ina manner analogous to root induction on shoot cuttings and
subsequently grow these rooted tubers in handy containers. The early results of
these studies are reported here. -

Materials and Methods

Palmyrah secd beds seeded at densities of about 300 sceds/m? produced tub-
ers suitable for this'study in 4 to 5 month period. The seed, sheathiag portion of
the cotyledon and remnants of the sced bed roots were removed from the tubers
— Fig. 1 (b). The tubers were dipped in a fungicidal solution for few minutes, and
then bundles of ten tubers were planted to a depth of 3 inches in a coir dust
medium. Tubers were prevented from dessication by either an automatic mist-
ing system controlled by an clectronic leaf (Wright Rain Ltd. UK) or by using
an enclosed root bin. Basal heat was provided in the latter by a_thermostatically
controlled heating element. Hormone treatment of the root initiating end of the
tuber was given by a ‘concentrated - solution- dip’ using solutions prepared in 50%
ethanol (Hartmann and Kester, 1972).

Results and Discussion

Even though root initiation started after a week, the percentage of rooted
tubers varied from 30 to 80%. Bottom heat provided in root bin maintained
at 35°C, providing a basal temperature 10°C above ambicnt, gave higher
percentage rooting.  Hormone treatment did not improve root initiation
at the levels tested (1000, 2000, 3000 ppm) for indole - butyric acid and indole-
?:n::ﬁ;‘qd. Tuber maturity appears to be a critical factor determining root
i R

2. Paulas, D. & Muthukrishnan, C. R. (1983) Studi “sowi
a nan, C. R. (1983) Studies on the elfect of the posiion of ‘sowing Of
paimyrab, Borasss flebelfr, sceds ontheir germioation. FAOIDANIDA Balmyrah Workshop:

Kandia,S. (1985) An evaluation of

Symposium on puimytah. Ploean Broragaton teshiques or the palmyrah paim, Barasss fablif:

Development Board, Jaffna, Sri Lanka.
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Fig. 1 (¢) shows 16 month old seedling raised from root initiated tubers
in polythono bags. These plants were found very suitable for managment under
advanced nursery practices. They were also found very suitable for transport and
remaived viable Up to 8 weeks when packed in bulk in polythene bags.
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ABSTRACT The palmyrah fruit pulp which is a thick viscous Tiquid cannot
directly used for akcohol production but could be mixed with palmyrah
sap (sweet todd:), another sweet sugar solution oblained from the same plant,
and fermented. By fermenting dilutcd sap and fruit pulp, it is possible to
lly convert most of the susars to alcohol. 5.13% VIV aicohol

biained from & fermenting medium of 6 paris of sweet toddy 4 raris
of water and 2 parts of fruit pulp. Mixing of ‘pinnatu’, a Fruit pulp
product, with sweet toddy instead of fresh pulp also gave good recovery
of alcohol.

Tntroduction

The fruiting season for palmyrah is between September to December,
During this period large quantities of fruits are produced annually. Only o
small proportion of these frits are used to extract the pulp which is used
for the preparation of pinnatu’—an edible product. Very recently Palmyrah
Development Board of Sri Lanka has started producing soft drinks, cordials
and various jams from the sweet - pulp. The undiluted pulp constitates 41%
of the total fruit and contains 16— 17% Sugar both in the form of sucrose
and invert sugar (Ratuasingam, 1967). The dried pulp referred to as ‘pinnatu’
ontains 133% sucrose, 296% fnvere sugar and 756% total solids (Jeganatban,

)

 This paper reports some preliminary experiments on the use of fresh
fruit pulp ‘pinnata’ for the production -of alcohol.

Experiments and Results :

Aleoholic fermentation on ‘pionatu’ medium:

_ One litre of ‘pinnatu’ medium was prepared by dissolving 100g of “pinvats’
in hot distilled water. The 10% ‘pinnacu’ medium was then sterilized by
auteclaving at 1S Ibs/sq. in. pressure for 1S minutes. The cooled medium
was then inoculated with Saccharomyces cerevisiae (strain Py 1), a high alcohol

T Jegarathan, N. (1983) Palmyrab_fruit.  Workshop o i Food and
a 9 it. Wor n palmyral: - Ocganized by the.
Agriculture Organization and Tie Palmyrah Developme i 2125
e S i piment Board of Sri Lanka. 21
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fermentative  yeast previously isolated from Palmyrah wine (Theivendiraraj

" jah and
Chrystopher, 1984; Chrystopher. 1985). The initial yeast density was 2x 108
cells/ml. The initial pH was found to be 5. The medium was aliowed to ferment
for 72 hours at room temperature of 28+2 °C',

The pH dropped to 3.6 after 24h and remained steady.  The alcohol
content was determined after 48 and 72 hours of fermentation~by-. ebulliometer
method. Since the medium contained undissolved particles, the medium was
filtered and the filtrate was analysed to determine the alcohol content.

Ths % of alcohol (v/v) at the end of 48 h and 72h of fermentation
was 1.7% and 2.1% respectively.

Increasing the amount of ‘pinnatu’ in the medium made the solution
too thick, probably duc to the presence of fibres, pectin and other insoluble

carbohydrates. Thus it would not be feasible to use higher concentrations .. .--..

of ‘pinnatu’ in the medium for yeast fermentation as it could cause problems
in subsequent racking aond distillation processes.

Aloobolic fermentation on ‘pinuatu’ and ‘sweet toddy’ medium?

10 % ‘pinnate’ medium contains only about 4.5—5% of sugar (W/v).
This sugar content is too low to be used for alcoholic fermentation, In order
to increase this amount to around 12— 15% (w/v), the level which is used in
most alcoholic fermentation processes, palmyrah sweet toddy was incorporated
into the medium.

One litre medium of ‘pinnatu’ and sweet toddy (containing 5.5% sugar
from ‘pinnatu’ and 6.5% sugar from palmyrah sweet toddy) was prepared and
inoculated with the Saccharomyces cerevisiae (strain PY 1). The amount of
alcohol produced after 48 h and 72 h of fermentation at room temperature was
found to be 7.1% and 8.7% (v/v) respectively.

Aleoholic fermentation on palmyrah fresh fruit pulp and sweet toddy medium:

The undiluted fruit pulp which “contains 16 —17% (w/v) sugar, is a very
thick, viscous liquid that cannot be used directly as a mediom for fermentation.
It was diluted with palmyrah sweet toddy and water to obtain a medium with
a sugar content of about 10% (w/v). The medium contained 6 parts of sweet
toddy (14% w/v sugar), 4 parts water and 2 pasts fruit pulp (16—17% w/v sugar).
This medium was inoculated with the same yeast strain, PY 1, and alcohol
contents of 5.19 (v/v) and 5.2% (v/v) were observed at the end of 48h and 72h
of fermentation  respectively.

Discussion

The res® of this preliminary study show that fresh fruit pulp aud
‘pinnatu’ cannot be used as the sole source of raw material for alcoholic. fer-
mentation.
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The sugar conteat will become low and not economical to ferment whey
4 reasonable light, clear medium is prepared from fresh pulp or “pinnatu’ alone,
The amount of alcchol (1% v/v) produced from a 10% w/v ‘pinnatu’ mediug
seems to be a reatonably good yield. The efficiency of conversion of sugar
to alcohol is about 647%.

The results have shown that fresh fruit pulp or ‘pinnata’ could be easily
mixed with sweet toddy and used as a medium in this fermentation process
Tho recovery of 8.7% v/v alcohol from a ‘pinnatu’ — sweet toddy medium and
52% vjv aicohol from a fruit pulp—sweet toddy medium were good. The
mixtures had 129 w/v and 10% w/v of total sugar contents respectively. By
diluting with sweet toddy you could utilize more of the pulp and ‘pinnaty’ and
thus le to convert the sugar present in the pulp to alcohol.

The fermented solution is yellow in colour as opposed to the usual

* milky white appearence of toddy’ and contains a lot of materials in suspension.

It also imparts a strong aroma characteristic of the fruit pulp juice: (Hence

this product cannot be consumed directly like the normal toddy). However, the

alcohol can be distilled for the preparation of arrack or for other industrial
uses.

There may be problems with regard to the use of fresh pulp and sweet
toddy in a commercial production venture because these two raw  materials
are not available in sufficient quantities at the same time. The main palmyrah
sweet toddy season s few months before the fruiting season. This can be over-
come if more sweet toddy could be made available by the kaivetty method
(ie. from matured female inflorescences), which goes along with the fruiting
season.  Tho other alternative would be to use ‘pinnatu’” instead of fresh fruit
pulp. It is also possible to use the fresh pulp with coconut sweet toddy or
with sugar-cane molasses and palmyrah molasses which are byproducts of the
sugar industry,
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THE FRAME FACTOR — AN APPROACH TO
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This paper approaches the transformation rules for field
Clessical Field theory by siarting with an ‘a priori’ conseivation
concerning numbers which amounts o the divergence theorem in non
relativisiic physics. A frame factor i then introduced 1o obtain suitable
candidates for L orentz — covariant 4— vectors. The frame factor is determincd
by requirements of the pariicular field theory concerned.

Tntroduction

The consequences of the Special Theory of Relativity have become well
known since the theory was first put forward by Einstein in 1905. Since thattime
different people who have thought about the theory have come up with various
ways of approaching the theory. This latter exercise is a quest for clarity - to
make the theory more inuwitively self-cvident, Indeed Karl Popper (1963)
has  pointed out that inwition is a product of expectations, and we are
referring here to the expectations of a person with & basic grasp of modern
Physics. Even here an approach which one person may find satisfying may not be
quite satisfying to another. One may mention here the problem of instrumental-
ism  (Popper, 1975). Some would demand that definition of Physical concepts.
be accompanied by instrumental means of verification or measurement. While
notions such as simultaenity of events in an observer's frame and the length of
a moving rod can be defined purely theoretically, some writers take great pains
to describe how theso can in principle be verified or defined by a judicious deploy-
ment of time pieces and signalling devices. Einstien began as an instrumentalist
and later chnged his stance (Popper, 1975).

The present paper presents an approach which the author has hilherlvu not
come accross, We begin with an a priori intuition about space and time in I.I|c
spirit of Kant (Korner, 1974). This assumes that matter (alfes the form of a
Population of discrete particles. Then given a motion of patticle matter and a
closed surface in any reference frame, the rate of decrease of population within the
surface is equal to the rate at which the population crosses the surfaco boundary.
(This principle cin be given a rigorous topological formulation.) We take off
from here with the aid of Lorentzian Kinematics.
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The sugar content will become low and not economical to ferment whey
a reasonable light, clear medium is prepared from fresh pulp or ‘pinnatu’ alone,
The amount of alcohol (2.1% v/v) produced from a 10% w/v ‘pincatu’ medium
seems to be a reasonably good yield. The efficiency of conversion of sugar
to alcohol is about 64%.

The results have shown that fresh fruit pulp or ‘pinnatu’ could be easily
mixed with sweet toddy and used as a medium in this fermentation process.
The recovery of 8.7% v/v alcohol from a ‘pinnatw’ —sweat toddy medium  and
5.2% v}y aloohol from a fruit pulp—sweet toddy medium were good. The
mixtures had 12% wjv and 10% w/v of total sugar contents respectively. By
diluting with sweet toddy you could utilize more of the pulp and ‘pianatu’ and
ths be able to convert the sugar present in the pulp to alcohol.

The fermented solution is yellow in colour as opposed to the usual

* milky white appearence of “toddy’ and contains a lot of materials in suspension.

It aiso imparts 4 strong aroma characteristic of the fruit pulp juice; (Hence

this product cannot be consumed directly like the normal toddy). However, the

alcohol can be distilled for the preparation of arrack or for other industrial
uses,

There may be problems with regard to the use of fresh pulp and swest
toddy in a commercial production venture because these two raw materials
are ot available in sufficient quantities at the same time. The main palmyrah
sweet toddy season is few months before the fruiting season. This can be over-
come if more sweet toddy could be made available by the kaivetty method
(ie. from matured female inflorescences), which goes along with the fruiting
season. The other alternative would bo to use ‘pinnatu’” instead of fresh fruit
pulp. It is also possible to use the fresh pulp with coconut sweet toddy or
with sugar-cane molasses and palmyrah molasses which are byproducts of the
sugar industry,
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ABSTRALT This paver approaches the transformation rules for field
‘quantities in Clussical Field theory by suarting with an ‘a prior? <

ning nunbers which amounts o the divergence theorem
sl phisie: A frame ficor i then invoduced to obiin i
candidates for L orentz — covariant 4 — vectors. The frame fact.r is determined
53 ecirenents of the pantevar o hery Sonoman.

Tntroduction

The consequences of the Special Theory of Relativity have become well
known siace the theory was first put forward by Einstein in 1905 Since that time
different people who have thought about the theory have come up with various
ways of approaching the theory. This latter excrcise is a quest for clarity - to
make the theory more inwitively self-evident, Indced Karl Popper (1963)
has pointed out that inwition is a product of expectations, and we are
referring here to the expectations of a person with a basic grasp of modern
Physics. Even here an approach which one person may find satisfying may not be
quite satisfying to another. One may mention here the problem of instrumental-
ism  (Popper, 1975). Some would demand that definition of Physical concepts
be accompanied by instrumental means of verification or measuremeat.
notions such as simultaenity of events in an observer’s frame and ths length of
a moving rod can be defined purely theoretically, some writers take great pains
t0 describe how these can in principle be verified or defined by a judicious deploy-
ment of time pieces and signalling devices. Einstion began as an instrumentalist
and later changed his stance (Popper, 1975).

The present paper presents an approach which the author has hitherto not
come accross. We begin with an a priori intuition about space and time in the
spirit of Kant (Koraer, 1974). This assumes that matter takes the form of a
population of discrete particles. Then given a motion of patticle matter and a
closed surface in any reference frame, the rate of decrease of population within the
surface is equal to the rate at which the population crosses the surface boundary.
(This principle cin be given a rigorous topological formulation,) Wo take off
from here with the aid of Lorentzian Kinematics.
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Preliminaries :
We begin with the statement of some results from Lorentzian Kinematios
oyt
(Panofsky & Phillips,1962). Take two observer frames T=0XYZ and %' =0'X'Y'7’
which coinside at time 0 and where ' moves with uniform velocity v along
the x - axis of X, Then for any event which takes place at (xy,z0) in %, the,
corresponding co-ordinate in 3 are given by (<,y’z\,t!) where X'=Y(x-vt), y' .y
v,
pmz =Yt~ (1
zezt=Yt-g)- ()
where Y=(1-vzfct) ¥

K,
The reverse transform s given by X=Y(x'+V).t=Y("+

Writing (x1,x2,x3,%) for (x,yz,ct) and (x"',x2,x¥,x4") for (x',y',2',ct')
" i,
we can wite hese m tensor form as X' =L;x) and  —(2)

! fxi', L and M=L~" can be writcen in matrix form as T
Y 0 0 -3y Y 00 Yp,

L= o 1y o0 [.M=] 01 0 0| i
00 1 0 00 10 ! "
sy 0 0 1 | By 0 o vy |

These are derived from the two postulates of Einstien using ‘thought® (gedanken
experiments. The two postulates are :

The laws of physics have the same form when expressed in any observer
frame - that is to say they are frame invariant.

The speed of light is a constant in all frames independently of the motion of
the source.

Further consequences of the Lorentz transform are:

The dilation of time: If At is the time interval between two events at the
same poiat (x',y',z') in X, the time interval At between the two events as
it appears to an observer stationary in 3 is given by At=Yal=
d -v=/czy'*mv.

3

£

Contraction of length in the direction of motion : If L' is the length of 8
rod stationary in ' and parallel to OX', the length L as it appears to i
given by L=Y'L'=(1 - vz/e2)}L;, Length measurements perpendicular t0
O'X' will remain the same,
9 Abandonment of the newtonian concept of a universal time.
See Ref. 1 -4,

Tensors. The Lorentzian metric g is a bilinear form on two 4 - vectors With

gx,yw ¥y where g;=0 for isj, g;= - 1for 1333 and 8, =+L
lence g(x,y) = - x'y1 - x2y2 - x3y3 . xeye,
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A 1-form a will as usual denote  linear function on 4 - vectors, and will be
dotermined by its 4 components (a,a5,a5,a,), 5o that aix)
We shall say that a I-

form B and a vector y are physncally equivalent if
Bi_gifﬂ. Tn standard terminology we say that B is the contravariant equivalent
¥ dvestoru is said to be Lorentz—covariant if with the configuration 5,5'
above, u & 1 are the vectors as they appear to observers O & O' respectively,
then u =1. ' -, . they satisfy the Lorentz transform rule. Similarly a I-form
is said to be Lorentz nnuhavanam if a0 satisly a _M la,.

A mixed tensor T] il
tensor is seen by X,%' satisfies

is said to be Lorentz-convariant if T,T' as the

P = PP it oMl g
Eh iy Mgp-Mg - Tk
1 1
By lhe slsudayd xules of parial dxﬂerenlmnon we see from (1) that
=y ) =y o
(o™ aa) » o0+ o+ =" ™ § o

Thus 2=1]2
ox! L}

o is the contravariant equivalent of x , then
. °
It follows that > is L tand -5 L
B o

5 k121, bea mixed Lorentz convariant tensor,

i
Lemma: Let T
i

g,
The teasor S K obtained by contraction is also
¥

Lorentz-covariant. In pamc\llnt d'a, b, are Lorentz. lovxmm and contra-

variant respectively, then al invariant.

Proof: We prove that albyma,.
al't' = (Lal)(Mkb - ‘M alb, = cka“bk since Me=L™" = &
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Tn particular if ds = dx' denotes a space-time incremeat,
ds? = ddldx; is invariaot.
1f x; represent the space-time co-ordinates of a particle moving with velocity v and
dt, represents a time increment in the frame of the particle then
A2 (1 - v2fe2)71 di.
The laws of Physics

From the foregoing discussion and Einstien’s first postulate it is a fair
surmise that the laws of Physics take the form of identities of the form

i

7"k _0 , where T is a Lorentz covariant tensor in space-time, for it follows
ey

from (4) that T=0 if and ooly if T'=0,

The generalised conservation principle :
Tn this section we shall assume that matter is composed of almost- infinito.
simally small discrete particles as is the practice in Chemistry. In a flow of matter,

wo shall denote by Ti(x') the flow (rate) at x', That is at x' | 7| is the number of
particles per second Crossing a unit area nomal to 7. Let 4 denote the population
density of matter.

Taking a small stationary volume v bounded by surface S, the rate of
increase of population iside v = - the rate at which the population crosses S.

Henco, f 48 -+ f ¢ dv=0. Dividing by | v |the volume of v and
s v

making | v | 0, we have v.T+5¢=0 in any frame -

‘We now introduce the notion of the measure of a particle. What we mean
by measure depends on the case of interest. In Electrodynamics for instance
measure may refer to the charge carried by the particle. In particle dynamics
measure may refer to mass.

By Einstein’s first postulate physical properties of a particle in a reference
frame aro independent of the origin and orientation. Thus measure of a particle
in particular is a function of the scalar parameters of motion of the particle. If
Uis the velocity of the particle the measure will be a function of terms such &
1Ul, 1U], UU ,|UJ, etc. We observe from equation (8) where the
meagure occurs explicitly and from the fact that the Lorentz transform between
two frames contains only the instantaneous relative velocity between the (WO
frames, that we may eliminate from measure all terms except | U | . We thus
write f(U) for the measure of a particle, Here U= | U |. e
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Let p refer to the measure density in the given frame. Then p=f(U)é and

N=U=qlg Y - Put J_pu rate of flow measure. Thus =

FO)

Subtituting in (5) we have " {(u) +Si =0 ~(6).

We shall call f(U) the frame factor. Thus (6) represents a generalised conservation
principle valid in any frame,

Now define a d-vector J'by (1, 32,55, 3=} 1 p

A S T

Thus (6) becomes 2% -0.

od

We have seen that —

(7) becomes

o

=2 3% as(7)is frame independent,
ox

i

1! can be any d-vector field with restriction J'=0. By writing the transformation

ox
in the form J' ~F,(", 2, 1%, 79 where functions F; ,

toJ"

A are inde-

pendent of J and noting that J' —J'  as'v —0, we seo without much difficulty
that

i -®
[ See Appondix 11

It follows that J is Lorentz-covariant.
In standard texts this same results is obtained by starting with the Lorentz-

covariant develocity d", where cidst =dxidx;, Se [1).

‘This frame famr f(U) is now determined by the Physical requirements of the
case under consideration. We shall consider two cases.

Case 1. - Dynamics (Landau and Lifshitz, 1976; Kompaneyets, 1961) :

The motion of a particle, as a generalisation of physical experience, is
governed by the principle of least action.

Action S ona particle is an integral with respect to time, and this has the

form S=J Ldt , whero L is the Lagrangian. For a particle moving freely, this
&
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integral must not depend on our choice of a reference system and must be invarian;
under Lorentz transformation.

b
‘The only integral of this kind has the form S= -a ds.
a

Thus S=

e
Joe v(l';)ﬂh Hence L= - «\/(1-v2/c2)
t &

oL

We define the mass of a free paricle to be % o

va -
-3 :1(1 -5 L
a

=)

For v=0,we obtain the rest mass m, =

Thus m=m, (1-v2/c?) ¥ and

;%;#' -y

At this point we note that our present definition of mass has come a long
way from the iostcumental concept using a spring balance. The definition here is a
matter of chioce. In further development of covariant laws of mechanics it will
be seen that our coucept of mass preserves some of the Newtonian properties while
carrying additional ramifications such as identification of mass with energy.

Case 2. Electrodynamics :

If we postulate that the electric charge of a particle is independent of its

motion —i. . invariant, this makes f a constant function.

Thus (él 1, p) where J is the current density and p the chargo deasity becomes
a Lorentz-covariant 4-vector,

i .
Alteruativly we may start with the axiom %% =0 where J'=( 1)
J42P. . o /f(Uy=1 op,

Then vJ+27 VIRU)+ o/ (U)—m(v T+ )+

This tells us that f(U) is constant.

1 e, 1
0 ey
Note: We sec thit the measurements of mass and electric charge follow %0

different rules. This choice as has been pointed out is up to a point
arbitrary. One consideration important in this choice is to try and maintain
the cquations of Physics in their pre-relativistic forms.
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¥ here denotes the covariant 4 momentum (cmu, mc?), The three momentum
still retains the classical form mu except that the mass m is now not constant and
has (he l'otm m~vm,(I -ufe?) "
=p,* modifies the conservation of mass into a law of conservation of
cners)’
‘We see in the Bppendlx that the postulate of mklng charge to be invariant
leads to Maxwell’s equations in their pre-relativistic for
As far as physical reality in concerned, our Mathematlcal efforts arein part
inspired fiction, We may never be certain that these are in fact true of reality.
Testing them means devising experiments in an attempt to falsify them. If they
defy attempts at falsification we may treat them as working conjectures,
It is worth pointing out that our notions of mass and electric charge have
gone beyond simple instrumental definitions. To find such now may have to be
both complicated and indirect. See (Popper, 1975). L
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Appendix
me equation (7) in the main paper we have
° @ = "“T oy -

We also have B ol as i —0 and Jiisa vector field with the only restriction
that 9
ox

Wo pcove from this that 1"

0 in any frame.

-3
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We first prove a lemma from which the result will easily follow.

; i
Lemmas Let 1 be any devector ield with the restriction % = 0.

let F',i=1,.,4 bea set of functions dependent on u but independent of )i

i 128
e that S ¢ )20, and

Vo { A
" By =1. Then B39 =1 for all u.
-0 .

oF of
Proof: We hlve'Tj B

)
. i
Since (3) does not contain -2, the quantities %:i occurring in (3) can be con-

o

sidered independent of each other.

‘This leaves the only possibility.
2y pos

2F.—0 forij and
ar

Th s we have F' = al + B, 4

for all i, j.

oli” o

A P 34 = ' gives us a=1and pi=0.

@ easily follows from the lemma.
This s seen from the fact that J' are functions of "

 fat it .o (depending also on )
We may :h-,ajwﬁme U< 00", Then use (1) and the Lemma to deduce
that J' = L%

¥
The advantage of the method given here is that in secking i
o g out Lorentz covariant
4-vectors we may not always have directly available some related covariant 4.vector

on which we can build—as the covariant 4 velocity 9% in the easo of particle
motion, o
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We give an application for the cass of the retarded definitions of A in Electro.
dynamics. Here (cA,é):Al.

Aafr O

P) the Lorentz-covariant 4-current,

) . )
We have Az, 0 = Eryav o of

aXi

. X )
Putting ¢ =1+ 8, AL =goo [ V(rts,t- s dv
[

nA

1 el
A t)=4m,f£(a(x+s -slo)

(v J+°D)(l‘ +5,t- s/c)

Hence ¢ (v‘Mézﬂ‘)—

s P dv' =o.
Now Jt are independent exeept (or the restriction oJ!
i

=o.

We may then suppose Al to. e independent oxcept for the corresponding
restriction 'iA

OX
Au application of Lemma 1 tells us that Al = (6A,@) is Lorentz-convariant.

137282
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