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VOLUME 3 NUMBERS 1 &2

dournal of Science

Publication of Volume 3 is delayed du to circumstances beyond our control
and, once again, two numbers had to be combined.

As in previous volumes, in this volume too the papers published deal
mostly with regional problems, -

. Control of pests and diseases constitute a substantial component of the
cost of production of our agricultural products. Six out of the seven papers
published in this volume are related to research in this field.

The papers by Niranjani Ramanathan and Sivapalan deal with appro-
priate use of fungicides for the control of a common leaf disoase of onion in Jaffna.
In a second paper she has published her findings on the effect of environ-
mental factors on the development of the downy mildew disease of grape vine,
which poses a serious problem to the grape cultivators in Jaffoa.

‘Padmini Maheswaran and Ganesalingam have provided interesting informa-
tion on the insecticidal properties of seedsheem (margosa) which should provide
interesting reading to people inclined to organic farmiog.

Egg development in pests form the subject of two papers. Rajendram and
Rajani Rajeswaran describe egg development in a local rice pest. ' In another
paper § = Ambikai and ingam feport the effect of
centrifugation on egg development in an insect pest.

* Rajendram with Aanette Gunasingam has  second paper on symbiotes
in a Sri Lankan rice pest. .

of interest to many scientists from
deals with this subject. Many years
jcture of heat stress

terisation of seasons

 Climatology nowadogs is a subject
diverse disciplines, Pavaneswaran’s paper :
of metcorological records had ben scanned to provids &
over Sri Lanka, which shouldbe helpful for a rational charac
i Prof. §. Kandiah,
Chief Editor

May 1990
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LABORATORY STUDIES ON THE EFFECTS OF ‘ENVIRONMENTAL
CONDITIONS AND FUNGICIDES ON THE DEVELOPMENT OF
ALTERNARIA ALTERNATA (FR. KEISSLER

NIRANJANI RAMANATHAN & A. SIVAPALAN!
artment of Botany, University of Jdaffna, Jaffna.)

Vingnanam — dournal of Sclence 3: 1—9 (1988)

ABSTRACT: Fisld observation:
constantly assoclatsd with s

Indicatod that Alternaria. altern
vesced leavos of onion with a possiblo rolo
of causing enhanced le: This fungus was Isolated end found
to have a temperature optimum of 26°C for germination of conldla at 100%
rolativo humidlty. However, the growth of mycolium was better at 30°C
then,at 25°C.

The effacts of 2 systemic funglcldes (bonomyl and beycor) and
9 non-systemic fungicidos (cupravit, morostan, pomarsol,_sulphur,
brassicol, morul, aniracol, diflatan and daconil) at concentrations ranging
from 01000 ppm on the gemination of conidla and mycelal growth rate
of the fungus, under laboratory conditions, woro Investigated. - Al fungi-
cidss oxcopt cupravit Inhibited gemination at 10 ppm.

The fungus responded differontly to the various fungicids In_its
mycelial growih rate. Difolatan, dsconll, benomyl and pomarsol rotardo
lal growth at concentrations between 10 and 500 ppm and pro

growth completely at 1000 ppm. _Morest sicol, morut, baycor and
antracol inhibited growth remarkably at concenirations betwoen 10 and
000 ppm. Cupravit and sulphur pormitted a certaln amount of growth
throughout the exporiment.

0,

ingus was usually killed on media contalning daconi, bonomyl
or pomarsol after 3 days.

s evidonce that bonomyl, deconil and
ol Alternaria alternata:

This Invastigation provi
pomarsol could bo used to cor
-

Tntroduction

Alternaria alternata (Fr.) Keissler, predominates the pathogens which infect
onion scale leaves and cause early leaf senescenco. Observation of onion (d/fum
cepa L) cultivated in Jaffoa sugaested that the discaso caused by this particular
fungus was severe after periods of rain.
as blackish brown patches of sporalatiog
on. Soon they spread down
The photosynthetic arca of

Disease  symptoms appear I
structures at tho tips of mature scalo leaves of oni
the leaves and cause premature leaf senescence.
the onion plants appears to be reduced:

University of British Guyana, Guyana:

1. Prosent addrass : Deparement of Bioli,
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This pathogenic fungus is a_parasite belonging to the group Fungi Inge,
fecti. The hypha of the fungus, which is dark and pigmonted, produces gy
conidiophores; these bear chains of conidia in an acropetal manner. Congy
are dark, obolavate to elliptical and muriformed.

Field observations on the severity of the disease under conditions of
low temperature and high relative humidity indicated the need for the study of
the effects of environmental conditions and fungicides on the development of
Alternaria alternata.

Materials and Methods
Source of inoculam

Infected onion scale leaves wero collected from the field, surface sterizst
and then cut into pieces 3 cm in length. A thick conidial suspension ws
prepared by shaking the infected picces with stecile distilled water in 4
McCartaey bottle, under aseptic conditions. The source of inoculum this
prepared was diluted to give a concentration of 48x105 conidia per ml
was used throughout the experiment.

Method of inoculation

To study the germination of conidia under varying temperature a0d
humidity conditions and to evaluate the effects of different fungicides on that,
clean sterile cavity slides were used as the substrata. The cavity slides wet
inoculated with 0.2ml conidial suspension with the help of a micropipette ané
were kept over triangular plates in petri dishes containing sterile water.
plates were incubated for 24 h at 25°C and at 100% relative ‘humidity, ualess
otherwise stated. At the end of the incubation period, the cavity slides wer:
taken out, stained with cotton blue in lactophenol and examined under
microscope. The percentage germination of conidia was determined from coutls
of germinated and ungerminated conidia while the length of the germ Wi
of germinated conidia was measured with the help of an eyepicce graticule.
These observations were made from counts of about 2000 conidia per treatmet
A conidium was considered germinated when the length of any one of the 1@
tubes exceeded its breath (Manvers, 1966).

The effect of temperature on conidial germination and initial growthof
germ tube was studied at 10°, 15°, 20°, 25° and 30°C and the mean percead®
germination of conidia and mean length of germ tube were measured after 248
and 48 h of incubation.

For the experiment on the effect of relative humidity on the germination and
initial growth of germ tube, humidity maintaining solutions were prepared by dilui®t
conc, H,SOs as given by Solomon (1969). Inoculated sets of cavity siides ¥
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Jlowed to air dry and then Kept over triangular plates in_petr i
S ferent humidity - maintainiag solutons, o 05 and 100% ritos bty
o2 T CaCly and sterile water replaced sulphuric acid solutions respectivl The
O o percentage germination and initial growth of germ tube were asared
at 0% 3.2%, 37.4}%, 70.4%, 93.9% and 100% relative humidity, A control was
% up by keeping one’ set of inoculated cavity sides wet throughout the
experiment.

The effects of two systemic fungicides (venomyl and baycor) and mine
son-systemic fungiides (cupravit, morestan, pomarsol, sulphur, brassicol, morut
oimeol, difolatan and daconil), which are commonly used by Jaffaa
farmers, on the germination of conidia at concentrations 0,10,100,500 and 1000 ppm
‘ero. studied.  Sterile cavity slides wore inoculated with conidial suspension
S the concentration 4.810° conidia per ml prepared in fungicde solutions of
different concentrations. Mean percentage germination was determined after 24 h
of incubation at 25°C and at 100 relative humidity.

The rate of growth of mycelia of Alternaria alternata was studied on
Potato Dextrose Agar (PDA). Mycelial discs of about 0.8 cm diameter were
cut from pure 6 day old cultures of the fungus, isolated from infected onion
plants, with the help of a sterile cork borer and were used to inoculate
fresh ‘sterile PDA plates at the centre, Assessment of the rate of growth of
mycolia was made by measuring the increase in diameter of the colony after
46 and 9 days of incubation at 25°C. Each treatment was roplicated ten
times. For experiment on the effect of temperaturo, the growth rate of the
myceliom was measured after incubation at 10°, 15°, 20° 25° and 30°C.

The effect of fungicides on mycelial growth was studied on PDA plate
aready incorporated with different fungicides at the concentrations 0, 10, 100,
500 and 1000 ppm. The increase in diameter of the colony on the above plates
was measured after 3, 6and 9 days of incubation at 25°C.

Results

Elfect of temperature on conidial germination and inital growt of germ tube
~ The mean percentage germination of conidia increased initially with increase
in temperature (Fig. 1). Maximum germination ocourred betweon temperatures
20 a0 2600, " the value for germination decreased with further insrease It
temperatare above 25°C.

The initial growth of germ tube of germinate
#ure i the same manner as in the germination

4 conidia varied with temper-
‘Optimum growih of germ twbe
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was obtained_between 20° and 25°C (Fig, 1). Tncubation for 48h did not gy
any sigaificant effect on the improvemeat of germination while it signfcagy
increased the mean longth of germ tube.

»p>e0

Effect of relative bumidity on conidial germination and initial growth of germ tube

Vingnanam - Journal of Scicace
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-1 Effect of temperature on conidial

germination and initial growth of
germtube of Alternaria alternata,
at 100% r. h. after 24 h of incu-
bation

Mean % germination after 24 h.
Mean length of germtube after 24 h,
Mean % germination after 48 h.
Mean length of germtube after 48 h.

Tnoculated sets of cavity slides incubated at difforent relative humidities 3
25°C wero_examined for germination of conidia and growth of germ tube. It ¥s

T means germation

mean tnginof gurmiute

Fig- 2 Effect of relative humidity oz

Vol. 3, Nos, | 4,

conidial germination and inital
growth of germtube of Alternarit
alternata, at 25°C after b
of incubation.

apparent from the results (Fig.2) that 100% relative humidity was required fof

successful germination and Juxurious growth of germ tube.

Presence of fret

moisture enhanced geriination of conidia as well as the growth of germ tube.
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Effect of temperature on myeelial growth
The colony diameter formed on PDA plates increased with i
increase in

temperature (Fig.3). The growth of the fun
than at any other temperature used in this f::e::enfxom 10 b bt at 300

3days 6days 9daye

@
3

Increase indiametre of colony (mm)
s
s

0
1015 20 25 30

Temperature (*C)

Fig.3  Effect of (emperature on mycolial growth of Alternaria alteriata
&100% r. h. afier 3, 6 and 9 days of incubation.

Effects of fungicides on conidial germination
ngicides (Table 1) which

ides and 9 non-systemic fu )
the concentrations 10,

Two systemic fungici
s were used at

;re commonly used by Jaffna farmers
00, 500 and 1000 ppm.
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Table 1: List of fungicides,

Product name Active ingredient Manufacturer o
istributor
1. Antracol (Propineb)  Zine propylene-bis~ Haechem Ltd,
dithiocarbomate
2 Baycor Dimethyl thiophanate Ciba- Geigy.
3 Benlate (Yenomyl)  Methyl ‘L(butyl carbamoyl) Lankem (Ceylon) Lt.
4. Cupravit Copper oxy chloride Lankem (Ceylon) Li,
5. Dacon Tetrachloro - iso - Ciba- Geigy.
(chlorathalonil) phthalonitrile .
6. Difolatan (captafol) N (1, 1, 2. 2 tetrachloro Ciba- Geigy.
ethyl thio 4-
cyelo hex - 4.ene) -1, 2
dicarboximide
7. Morestan 6 methyl quinoxaline Haechem Ltd.
i onate) (25%),2.3 i
@-3%,
8. \lorut Feraminosulf +penta- Ciba- Geigy.
chloronitro_benzene
9. Brassicol Pentachloro nitro Ciba- Geigy.
(quintozene) benzene
10.  Pomarsol 1,2 di (3 -methoxy Hacchem Ltd.
(Thiophanate) carbonyl-2 thiordio)
benzene
11 Sulphur Inorganic sulphur Hacchem Ltd.
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Generally all fungicides except cupravit inhibij inati
oAl e e g it g 1 vy o
These two fungicides, however, allowed a_certain nuraber of confdia. ta serrrar)
Merut, brassicol and sulphur _were ineffective against checking  gminanon
aven at 1000 ppm. Daconil, difolatan, antracol, morestan and 1 omarea sl
Completely retarded ~germination at and above the. concentrations. 100 puus.
%0 ppms ppm, 300 ppm, and 1000 ppm, respectively, Among the toncd
fongieides daconil could be considered to' be very effective in preventin

nation of conidia of Alternaria aiternata, 8 g

Antracol

Benlate

Brassicol

Pomarsol

Mean % gerrmination of comidia

Concentration of fungicide (ppm)

i inati ernaria alternata 8¢
Fig des on the germination of Allern®
4 B of ﬁ;?'gl& 100% r. h_after 24h of incubation
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Effects of fungicides on mycelial growth

Difolatan, ~daconil, benlato and pomarsol retarded mycelal growth 5
congentrations beueen 10 ppm and 500 ppm. Morestan, brassicol, morut, bayey
and antracol retarded growth remarkably at concentrations between 10 ppm g
1000 ppm. Cupravit and sulphur permitced a certain amount of growth throughoy
the experiment while some fungicides showed stimulatory effects on the radia]
growih of the fungus at certain low concenirations. The fungus was unusugly
Killed after three days on media conaining daconil, benlate or pomarsol (g,

3days 6days 9days

Antracol Baycor

e L b
bt Lo o
slaratll 1 L]
.
bl e

Sulphur

(lag Bﬂﬂﬂﬂ”.x

SEEE Concentration of fungicide (ppm)

Increase in diametre of colany (mm}

Fig.5 Effects of fungicides on the mycelial growth of Alternaria alternata at 25°C
after 3, 6 and 9 days of incubation
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Discussion

Field observations in Jaffna indicated

s¢ of premature leaf senescence of onion. The fungus i
iheted onion plants was identified and found to e xliS.::la:‘.fCIiuﬁz‘-:x:m]“mls
conidil characteristis to_ the isolate reported by Simmons (1967 Hoyens
{he minor morphologioal variations may be due to the host - environmental st
ss described by Eliot (1917), Jimenez & Miller (1966), Grogan et a. (1975) ang
Misaghi ef al. (1979). .

The obscrvation that the fungal attack was severe during periods of low
temperature and high humidity is in accordance with the carlier reports on the
pathogenicity of Alternaria alternata, causing a stem canker on tomato (Grogan
eral., 1975) and a leaf blight on Avicennia marina (Chandrashekar & Ball, 1950)

The Tsolate of Alternaria alternata obtained from the infected onion plants
bad a temperature_optimum between 20° and 25°C for germination of conidia.
However, the mycelial growth was better at 30°C than at any other temperature
used in this experiment. These oObservations fally with those reported by
Chandrashekar & Ball (1980).

The evaluation of fungicides on germination of conidia and growth of
myeelium revealed that daconil, difolatan, benlate and pomarsol could be used
to eradicate Alternaria alternata,

hat Alternaria. alternata was the
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SOME FIELD OBSERVATIONS ON THE EPIDEMIOLOGY of
DOWNY MILDEW DISEASE OF GRAPE VINE

NIRANJANI RAMANATHAN
(Department of Botany, University of Jaffna, Sii Lanka.)

Vingnanam — Journal of Science 3: 10— 19 (1988)
ABSTRACT : Incidence of downy mildow disease on grapa vine was
recorded during the rainy season or during a high humldlty, low temper.
ature weather in the presence of dew in Jaffna peninsula.
process was initiated by germi
from sporo landing ys.
mature foavas fist daveloped Infections end lets formed the source of
inoculum for subsequent  infectior

amount_of sporangia reloased i was_maximum
betwean 12 noon and 2 pm 1 direction

in the horizontl direction. iéaximum captura of sporangia was recorded
just below canopy. The incidenco of infoction and the dally sporo release
in the rainy season followsd tho typical patiern of & growth curve wih .
four phasos. The buliding-up of Inoculum, tho  establishmont of the
fungus and the d'sappearance of the fungus towards the oad of the
soason were dependont on the weather conditions.

Introdu

The downy mildew disease, the most destructive fungal discase of grape
vine (Vitis vinifera L.), is caused by the fungal parasite Plasmopara viticola (Betk
& Curt.) Berl. & de Toni. The development of the fungus was favoured in &
high humidity, low temperature woather in the presence of dew (Ramanathan &
Sivapalan, 1982).  Symptoms first appeared on the mature leaves and later
spread to the other leaves and other parts of grape vine. All green parts of
the vine such as berries, inflorescences, tendrils and young shoots were affected
by this fungus (Ramanathan, 1985).

The fongus appeared as white downy growth on the lower surface of
vine leaves which later became necrotic. Al the vineyards in the Jaffns region
showed severe defoliation and there was a gradual weakening of the vine plants
due to infection. There were instances where tho grape cultivation had been
completely abandoned due to severe, yearly attacks of the downy mildew fusgss
(Ramanathan & Sivapalan, 1988).

Overwintering of the fungus is usually ecither by preservation of myceli
in the bud scales or by production of oospores which are formed duriog the
sexual reproduction of Plasmopara viticola as reported by Boubals (1977), Galle!
(1977), Lafon & Bulit (1981) and Ramanathan (1985). The infection is initisted
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of appearauce.

Sporulation of the fungus takes
and relative humidities between 95% and 1003, (Tstanft; 1
sud Lafon & Bulit, 1981). The seral liberaion ot tpeors

(Cobaz, 1972).

. Tho present investigation was undertaken to obtain information on the
epidemiology and the seasonal occurrence of the downy mildew disease in the
Jaffoa district in Sri Lanka,

Methods
Spore release in field

Capture of sporangia was recorded with the help of spore trap ladders as
described by Ramanathan (1985). Five spore trap-ladders were hung either
vertically or horizontally in tho vineyard for experiments on spore release. Each
spore trap-ladder consisted of ten pairs of greased slides (2.5 7.5 cm?) tied
together and placed in pairs at 15 om intervals across tivo parallel metal wires.
The slides were removed periodically, brought to the laboratory and observed
under the microscope for deposited sporangia of Plasmopara viticola. The number
of sporangia deposiled over one cm? area of the glass slide was taken as the
measure of spore release in the field. Counts on deposited sporangia were
made on five randomly selected areas (one cm2) on each of the ten siides per
treatment,

The spore deposition on the vertically and horizontally hung ladders
will be referred to as vertical deposition and horizontal deposition respectively.

Vertical and horizontal deposition of sporangia were studied by hanging
spore trap-ladders both in the vertical and the horizontal direction in the vine-
vard, Greased slides kept vertically and horizontally on the spore trap-ladders
at 15om below the canopy from 6 am to 6 pm on a sunay day were removed
and examined for deposited sporangia.
on an hourly basis in a seperate
tically and horizontally at 1Scm
d between 6 am and 6 pm, and

Capture of sporangia was also recorded
Sxporiment, Spore trap-ladders were kept ver!
clow the canopy. Sets of slides were remove
Observed for deposition of spores.
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The vertical deposition of sporangia at different Beights in the yipgyy
was studied. Pairs of greased slides tied at 0 cm, 1 om, 30 cm, G0em, gpgn
120 om and 150 em below canopy level and 30 om and 60 em  above cagy
level on spore trap-ladders hung vertically from 6 am 0 6 pm were remoy
and observed for deposited sporangia,

The vertical distribution of sporangia was also studied in the field o
a period of one month, Slides held at_ different heights from 6 am to 6 pg
were removed daily and observed for deposited spores.  The mean numbersyf
sporangia deposited over one cm? area of the slide were recorded from §
December 1982 to 5 January 1983.

In another experiment the spore release and the spreading of infesion
on 25 randomly selected twigs in a vineyard were studied simultancously o
a period of 4 months starting from 1 December 1982 to 3 April 1983. Pairs
of greased slides tied at 15cm below the canopy on vertically hung spore tay
ladders, from 6am to 6 pm, were removed daily and the capture of sporarga
recordod.

Spreading of infection in field

Twenty five randomly selected twigs were tagged and observed for infecton
The number of leaves infected per twig was recorded daily during the period
from 1 December 1982 to 3 April 1983,

The development of infection on leaves of different ages was also studicdia
a vineyard over a period of one month, Leaves of different ages in a twig Wt .
denoted as 0, 1, 2, 3 etc. starting from the apox, Twenty five such randomly selctd
twigs were tagged and observed daily for development of infection. The leah
measurements of all the leaves in 25 twigs were obtained daily during Desen”
ber 1982 The amount of infection on leaves was assessed with the help
the standard score diagrams prepared by Ramanathan (1985) (Appeadix I
The leaves were siven scores for percentage area of infection.  The dis
index for cach leaf age group was calculated by dividing the percentage area o
infection by the mean length of leaf and this was considered as the meau®
of disease incidence.

Seasoual occurrence

The general seasonal occurrence of downy mildew disease of 8% 5
vine was also recorded during a 3 year - period starting from October 1981¥
April 1984,
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Results
Vertical and horizontal spore release
The number of sporangia deposited vertically and horizontall
1o 6pm over one cm? area of the slide varie
amount of vertical deposition was greater than tl

and ly from 6 am
d significantly (Table 1), The
hat of the horizontal deposition,
Table 1 Vertical and horizootal spore release of Plasm para yiticola

in the vineyard

Position of spore trap Mean number of sporangia

deposited cm-2 area of the

slide
Vertical 9 a
Horizontal 5b

The values denoted by different letters aro sigaificaatly differeat (P=005).
Hourly spore release

The vertical deposition was higher than the horizontal deposition through-
out the day (Fig. 1). No spore release was observed from 6am to 9.am and
6 am to 12 noon on the vertically and horizontally placed ladders, respectively,
The amount of vertical spore deposition started to increase with time after 9 am
and reached a maximum level between 12 noon and 2 pm.

Table 2: Vertical spore release of Plasmopara viticola at different heights
in a vineyard

Height from canopy (cm ‘Mean number of sporangia
e e Py (e deposited cm-2 area of the
slide

0 (canopy) s
15 (below) 324a
30 (below) b
6 (below) 2
90 (below) i 4
120 (below) ‘: 4
150 (below) £

2 d
30 (above) 71 d
60 (above)

gaificaotly

The valucs denoted by difercat lotters are i
different. (P=009).
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St A Y

Mean number of sporangia deposited omi®
S
Mean umber of sporangi deposted e

O
horidotal

22
7

&7 89 100 21 2-3 &5 s 5 3
Time intervals of aday ¢ . Doys
Fig. 1: Hourly spore of Plasmopara viticola  Fig. 2: Vertical deposition of sporangad
showing the vertical and horizontal Plasmoparaviticola in a Vil
spore deposition in a vineyard. over a period of one month.

O 15cm below canopy
@ canopy level
® 30cm below
A 90cm below
A 60 om below

Spors release at different heights in a vineyard

Maximum captures of sporangia were recorded at 15cm below o7
(Table 2). The amount of sporangia deposited decreased gradually as the i
below and above canopy increased, The amount of spore release just &%
the canopy was negligible or very much less than that deposited just belo¥®*
canopy.

Spore release over a period of one month

dwll

. The number of sporangia deposited at different heights increased 'y )
with days from 6 Decomber 1982 to 5 January 1983 showing the building ¥ [

inoculum in the field (Fig. 2).
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pore relase aud spreading of infecton over a pering of four moaths

The values obtained for daily spore elesse ang )
| December 1982 0 3 April 1983 wepe compared i ion in
o spore releaso was similar 1o that of fnfenie
pore elease and. inection followed the pane
four phases during the above study. The. fiy
aring December 1982, The spore eleaso. ang o
ber 1982 upto 28 Decomber 1982. They bocaun
and the stationary phase lasted for two montie
phaso when allthe infected loaves already. dry g
started 10 drop from the plants. No spoe sejer
1983 and no_new infection was produced on freshly appearing lesre,

! 2 vineyard from
With each other.  The pattern
(Fig 3). ‘Both the amoust of
of a typical growth

Discase incidence on leaves of twenty five twigs over a period of one moats

At the beginning of the season the leaves of age 4 developed infoctions

ing the cxperimental
period, | Infection also spread to the newly-appeared leaves about tweaty days
after they open.

Fig. 3 Vertical spore release and spreading of infection of Plasmopara iticola
n twenty five sclected twigs in a vineyard over a period of four
months (from 1 Dec. 1952 to 15 Apr. 1983).
(Bach division in the X axis indicates four days.)

i

e £
i i
51 S
2 4 é
&

i i
Pl
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fi’ teafoge (LA)
2 a Fig. 4: Discase inciderce of Plasmpe,
viticola on leaves of differey
2 ages on twenty five seleceg

twigs in 2 vineyard overy
period of one month.

5 Note : LA=Leaf Age. Leaves of differ.

0 ent ages on a twig we
numbered as 0, 1,2, 3, 4and s
starting from the aper at tie

- beginning of experiment.
LA-1 refers to the nevly
appeared leaf.

"\ Mean number of ledves infected per

0.

300ec

=

Wecs O B 20 25

Seasonal occurrence of downy mildew disease in Sri Lanka

The occurrence of downy mildew disease in the vineyards of Jaffna, i
Lanka was recorded from November 1981 to February 1982, from December 1581
to April 1983 and from October 1983 to March 1984, during the threc year-study.
The pattern of spore release and infection in the rainy season during the threr
years of study followed similar trends. However, the first phase where thec
was gradual building up of inoculum and the decline phase where the fuogs
started to disappear were slightly shifted depending on the weathor conditiors
(Table 3).

Table 3: Scasonal occurrence of downy mildew disease of grape vine
in Jaffna, Sri Lanka.

Year Period of occurrence of phiases of the disease ¢k
Logarithmic  Stationary Decline
19811982 7 Nov 3 Dec 31 Jan
to to to
2 Dec 30 Jan 18 Feb
1982-1983 1 Dec 29 Dec 3 Mar
to to to
28 Dec 2 Mar 15 Apr
1983-1984 19 Oct 25 Nov 7Feb
to

to o
24 Nov 6 Feb 12 Mar
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Discussion

it has bn:e ::bu(vedr for several years that the downy mildew disease of
grape vine is a destructive fungal disease which is usuall i
weather in the presence of dew. i et

The seasonal occurrence of downy mildew disease in the vineyards of
Jaffoa region showed that infections started when the rainy season starts and last
till April with the soverity of the discase observed in February. The introduction
of the fungus to the vine leaves at the beginning of the season greatly depends
on the occurrence of periods of rain. The longer the rainy season, the longer
was the period of infection (Table 3). During the first year of study the period
of infection was very short because of the brief period of rains, but during the
nest two years the infection remained in the vineyards for longer periods as
there were prolonged rains. The initial appearance of the fungus, maximum
disease occurrence and spore releaso and the disappearance of the fungus on vine
leaves varied depending on the weather conditions such as rains and periods of dew.

Although all green parts of the vine plant were affected by the fungus
(Ramanathan, 1985) the most apparent symptoms were on the leaves. The
infection process was initiated by germination of air borne sporangia and required
2 cool and moist environment. However, the maturation of sporangia and their
release took place in a relatively dry, high temperature environment and this fact
is supported by the obscrvation that high amounts of spore release were
recorded during the daytime between 12 noon and 3 pm.

The amount of vertical deposition of sporangia was greater than that of the
horizontal one. This may be maialy due to wind action by which the sporangia,
detached from mature lesions, are deposited on the surface of slides. The mecha-
nism of spore deposition on new host leaves can be similar to this.

just below the canopy and this may be

‘The tures Were maximum
eporalating downy mildew fungus are formed only

because the sporulating structures of the dow
on the lower leaf surface and the air is still just below tho canopy-

Although the preseat investigation provides information rgprd:pg&eﬂv:l::
ment and occurrence of the downy mildew discase, further ll(nv:jllzc o
Recessary on the development of disease in the field. Ah‘ndoigns 2 b
effects of weather parameters on the development :‘f t B et
uelul in forecasting the disease incidence and in takiog o

against the downy mildew fungus.
V-3
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appentix : 1 Standard score diagrams (Ramanath
an, 1985).

Star 8

oundard score diagrams for percente arey of infection of plasniopara vitccla
s of grape vine: No infection (), 5% nfection (b). 103 infection (<),

259 infection (d), 50% infection (€): & 759 infection (f).

Received for publication June 1938



GEFECT OF VOLATILE SUBSTANCES FROM AZADIRACHTA INore,
(NEEM) SEEDS ON THE REPRODUCTIVE BIOLOGY OF
TRIBOLIUM CASTANEUM (COLEPTERA : TENEBRIONIDAE)

PATHMINI MAHESWARAN & V. K. GANESALINGAM
(Department of Zoology, Unlversiy of Jaffna, dafina, il Laaks.)

20-26 (1988)

Vingnanam — Journal of Selenco
ABSTRACT : The effect of volatilo substances of crushed sesds of
Asodirachta indica on newly emerged and mated adults of [ribolium castaneun.
(Horbst) was studied In the laboratory. Air was passed through a jar
conts crushad seeds of A indica and Into another jar containing a
pair .of adult T. castaneum Ilving on damaged rice grain. Air contalning
about 13% volatile subsiances of noem was passed through continuously
during the  experimonts.

Tho following abservations wor with regard to tho reproductive
blology of T. castaneu in the prosanc of air Gontaining  the volatlle sub-
stancos:a significan reduction In the number of oggs by 27.5% a prolongation
in the developmental period from ogg to larva by 25

umbor  of arvae_emorgl 2.8%; 100%
wore introduced into tho experimental satup it wis
biion of furthar dovelopment by volatilo substances dspend-
06,00 tho age of the larve.  Howsvor the longevty of adults was ot

It appears thac the volatile substances of neom seeds cause adverse
effocts on the reproductive blology of T. castameumn.

. Introduction
heav ::1: mcgcﬂsmg[y serious problems of pest resistance to continuous
the {m n&: \: pesticides and of cuvironmental contamination associated Wil
e e biad’am spectrum synthetic pesticides have indicated the need B
couatry ' like S‘ylff:dﬂx pesticides greater selectivity. In a developitt
Bty of stape” "0l dditional problems are their_improper use, nonavile
world wide. iaterost 1y ol Cdupmont and high price. These induced 4
as neem for post contrey” i, OF ace-old, traditional botanical agents su
seeds of mml’::eeezﬂ rol. Various forms of applications of bark, leaves 3¢
O pest control. Tn s sracta indica A. Juss) bave been found promising 314
to Stored producs, “ition, neem satisfies _consumer _ safety even when 99
Kernels on” inscey s ome work has been done with volatiles of neem €
lingam, 1985)  The" A na and Rembold, 1983; Thurayratoam and Gane
Of Earias fabia (Stolly san oo 8™ il vapour on the reproductive effcer
biology of Tribolium m?faiiﬂ"‘“’,}’ v Pathak and Krishna (1986). The reproduci®
studicd by Dawson (1977, (TP AN important pest of stored ceresl

In the present s
productive biology of 7. ‘,“.f.f,,f,“:m’{f

<t of volatiles of neem seeds on the © ¢
as investigated.
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Materisls and Methots

Decorticated and shade-dried neem seeds were fin .
portar ond pesle. ThIee grams of crushed seeds of 4. e venr g, S8
(375 m) Which was connected by a_glass tubing to another jar (840 ml, containing
a pair of newly emerged and mated adult T. casianeum in Sg of b..mﬁ

grains in a 10 ml glass container. The broken rice grains used in the experi-
ments were passed through a 3 mm mesh but retained by 2mm mesh sieve,
Damnged rice grains were used in the experiments because the rust red Flour
bectle T. castaneum is an important sccoudary pest requiring prior infestation by
an internal feeder or some form of mechanical damags of the whole grain
(Shazali and Smith. 1986).

Air was pumped by an air pump (Rena 101 — flow rate of air=7-5 ml of air
displacement/s) into the jar with crushed ncem seeds and subsequently this air was
carried into the jar containing the insects (Fig.1). The air passed into the jar contain-
ing the insects was found to contain about 13% volatile substances. The percentage
of volatiles in the sct-up was calculated by adsorption of the volatile substances
into activated charcoal powder in comparison with the normal atmosphere. Preli-
minary tests using different weights of crushed neem seeds to provide 13%
volatiles in the set-up demonstrated three grams as the suitable minimum amount,
The concentration of volatiles was maintaioed throughout the eperiment by
regular checks.

aubstances e

Container with tice and
L saslancum

Fig. | Set up used to obtain volatiles of A, indica



2 Vingaanam - Journal of Science Vol. 3, Nos. 14,

The mated pair in the set-up was removed after 21days and the
productive biology of 7. castaneum in the preseuce of the volatile substangy
of necem seeds was studied. '

To study the effect of volatiles on larval development, larvac of varpy
ages were introduced separately into the set-up and observed daily. Fry
newly hatched larvae (0-24 h old) to 24 day old larvae were tested. Ta cach satay,
ten larva of particular age were keptin a 10 ml glass container with five
of broken rice grains. These larvae wers kept in the presonce of volatiles ugj
the adults cmerged. The range of age of larvae susceptible to the volailes of
neem seed kernels was recorded.

The experiment was repeated six times and a control expecimeat wis
conducted concurrently by passing air only through the experimental set-up.

The studies were carried out in the laboratory at 285+ 1'5°C temperature
and 50-62% RH. Students t-test was used to analyse the data.

Results
Number of eggs :

In the presence of volatiles of neem seeds the mean number of eggs kil
within 21 duys was 92 (+4'4); whereas in the control experiment, the mean
number of eggs laid was 1313, Thus the number of eggs laid by a single female
7. castaneum was significantly reduced by 27-5%.

Number of larsa

The mean number of larvae emerging in the control was 700. [n t
presence of volatiles the number of larvae emerged was 472 (£3°1).  There was ¢
significant drop in the numbe of larvae emerging from. the eggs in the preseset
of volatiles of neem seeds.

Number of pupae
In the presence of volatiles all newly o necged larvae died and no pup*
were obscrved. In the control, 673 pupac were formed.

Number of adults :

Although no adlts were formed in the presence of volatiles due
blockage at larval stage, 650 (+3+6) adults developed in the control and hence 495%
of eggs luid gave fise to adults.

Egg incabation period
 The cges Jaid in the presence of volatiles were kept under the s™ |

conditions continuously and the time taken for the emergence of larvae, i

incubation period, was recorded. Mean incubation period was 8.2(% 1) da5
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latiles, whereas in the i
(he presence of volatiles, e control it was found to be 57 d
sgnificant prolongation by 2-5 days was observed in the  presonce of Jo.lf.l. oAI
acem seeds.
Mortslity at embryo and larval stages :

Tn the presence of volatiles 508% death ocourred at the

% embryo st

wihin the egg whereas 47% death occurred in the contral. The diffonce oy
morality at the embryo stage was not sigaificant (P=005),

Newly emerged larvae were highly susceptible to the volatiles cf neem
seeds and showed 100% mortality. But only 3:3% mortality was observed during
the larval stage under normal conditions, Hence larval mortality incroased by
967% in the presence of volatiles.

Effect of volatiles on larvae of varying age:
Newly hatched to 12.day old larvae showed 100% mortality, whereas 13-24

day old larvac pupated even in the presence of volatiles.

Development of 13~day old larvae :

The youngest larvae that survived to become adults in the presence of
volatiles were found to be 13-day old. Further stulies on the development were
made from these larvae.

1. Number of .F, progeny :

Number of F, progeny that developed from ten 13-day old larvae was 72
and 93 in the presence of volatiles and in the control respectively. Here
asignificant reduction was recorded in the presence of volatiles.

2. Sex ratio of F, progeny:
4 The sex ratio of the F, progeny that emerged was unaffected oy the volatiles
andwas 1 : 1 (male : femals) in the presence of volatiles and in the control.

3. Mortulity in larval and pupal stages :
] Tn the experimental larvae, 1-5% and C3% died in the presence 10’ V:‘l‘}n":/’
| 404 control respectively. In tho pupal stage, 0:3% died in the control and £9%
! died in the presence of volatiles. Both larval and pupal mortaliies showed sig
‘, ficant differences from controls (P=0.05).
|

4. Doration of pupal development
. The duration of pupal developme
i the prosence of volatiles of neem sees
by 22 days,

i 1 was 63 days, Whireas
ot n the control was 63 duys. BT

d kernels it was prolon3e
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5
Longevity of adult T castaneum :

The mated pair of adults kept in the preseice of volatks and gy
normal conditions was removed from the exp:rimental condition after ) dy
and maintained in ambient conditions. All these survived for more thg e
‘months.

Discussion

Eveluation of neem seed kernel or extract against a number of insest g
species have demonstrated neem’s_diverse biological efiects including the g,
on reproductive biology (Akou-Edi, 1983; Saxena et al. 1981; Steffens and Sen
utterer, 1982).

The total number of eggs laid by T castaneum was reduced signfiag
in the presence of volatiles of neem seeds. Similar observation was mads wip
Sitctroga cere lella in the presence of volatiles of crushed neem secds (Thizy
ratnam and Ganesalingam, 1985). It appears that the effect on cgg layi
cither due to a lack of suitable environment for egg laying or due to inkibiug
effects of the volanles of neem seeds on T. castaneum.

Though there was no significant reduction in the number of larvac emep
ing the number of days taken for laval emergence increased significantly. It appess
that the volatiles may contain a growth inhibitor as stated by Rembold etd
(1981,

The most prominent effect observed in the presence of volatils is t
100% mortality of the larvae. This may be either due to the toxic efie
of volatiles on the young stages or due 1o deterrent effect of fecding and /&
careful effect on development caused by volatiles entering through respirid]
pathways or during feeding or through larval cuticle, When retarding
dev lopment it may act cither as metamorphosis disruptor (Ruscoe, 1972) ormoé
inhibitor (Redfurn ef al. 1979). The effect of volatiles on young larvae appears 18
likely due to toxic cifects than to effect on feeding or development becaust
late instars developed under the same conditions. This may be a dosage/mortdl
effect where the late instars only had a sublethal dosage.

In the larval stage, inhibition of further development by the YA
depended on the age of the larvac. Newly hatched larvae to 12-day old ¥
stages showed no further development. But larvac of 13-day old and older &
13-day underwent further development and gave rise to adults. This may 4
be duc to the variation in suscepuibility of larvac with age or due to varsios®
the cuticle of larva with age.

Even the larvae that survived under the experimenial conditions shored
of d occut®!

significant i lopment to adult stage. Here pi i
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 the duration of both Iarval development and

B G to growth inhibitory activity or melamorpaere, o loPTent:
ibition effect of neem seed volatiks.

al d ‘This may
morphosis disruption effect or mon!yt

'+ progeny that
0 the sex-ratio.
volatiles.

developed in the presencd of volatiles there was no difference i
‘This may indicate equal susceptibility of male and female insect fo

The effects of volariles were investigated at a conce,
However, if the concentration of the volatile is increased, a
pest could be expected. '

atration of only 13%.
better control of the

An important advantage of the application of volatiles of neem sced
kernel is that if neem kernels were applied directly to the cdible materials for
protection, neem substance may persist longer and hence be more undesirabl:

Although a_difference was observed in the number of .
j
 thap that which operates without direct contact.

The diverse effectiveness reported here against the reproductive biology
of T. castaneun: i.c. safety, low cost, case of application and availability to farmers
io many developing couniries inclucing Sri Lanka, emphasiscs that application of
volatiles of neom seed kernel could be considered for the control of 7. castaneun
in stored products

But this may be used only on a small scale by farmers for preventing
pest damage to a considerable extent. However, the se of volatiles, by their very
nature may pose practical problers. Further rescarch on ways of releasing these
substances under the storage conditions is needed.
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yeastike symbiotes or mycstocytes
‘and ovaries of the brown planthopper,
Nilaparavata lugers (StAl) hes been ropo.ted from Japan. Tho prosent
study describes the Isolation of intracellular yeast-ike symbiotas or myce-
tocytes from the mycatasome of agas and fat bodies of N, lugens oceurr
ing in Sri Lanka. N. lugens used In this study was obtained from rice

of N. lugens : efongated sheathilke mycotocytes and oval shaped myce-
tocytes, the former being more numorous. The mycetocytes from N. lugen
ri Lanka are smallor than those reported from Japar

Introduction

The occurrence of yeastlike organisms (YLO) in the cytoplasu of the
mycetosome of the planthoppers has been known for some time (Buchner, 1963)-
Nas (1963) demonstated. the existence of yeastike organisms io the mycetocyes
of eggs, fat bodies and ovaries of the smaller brown planthopper, Laodelp 4’:
Striatellus Fallen. Kusumi et al. (1979) isolated two yeastlike cells from elgﬁ.e
ind fat bodics of £, sirarelis. Nasu ef al. (198D also solated (o yens e
eells from the cggs and fat bodics of Nilaparvata lugens (Stil) occurrin e e
The present study aftempts to determine if symbiotes are wT“‘h‘:r morpho-
and fat bodics of . /ugens oceurring in Sti Lanka and to describe thei

logical characteristics.

Materisls and Methods

i ice fields in Amparai
btained from rice fields in Amp:
the University « F Jaffra on ice varicty,
m the egas of N. lugens as follows

. N. lugens used in this study was
district and " cultured in the Iabaulofyd“f o
IN 1. The etocytes were obtained from ! moved.
The ovaries :;y;m.'g ;emale N. lugens wen_d.s:_xmd :u: I;n-: ;?:0;5]!! ;; " oin
The cggs were suface sterilized by submersion in 7% 6] BELS KoLl
The mycetosome was then dissected out in terile dstlled WA e similar
teased out, The mycetocytes were obtained 'r"mh', ugens and suface sterliziog
manner, by disecting out the fat bodies from femal N, lugens dnd suere 500 KEH
them o "709, ethy) alcohol for 1min and feasing
terilo distlled water.
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A thin smear of the mycs was made, Ieft to dry in the air, g
then fixed by passing the slide through the flame. It was stained with carhy
fuschin for 30—60 sec and then rinsed with distilled wWater.  Alternately, o
protozoan Stain was used : the smear was immersed in Schaudmnsnn{m
for 10—20 min, thén covered with mordant solution overnight, and wig
stained Heidenhain’s Long Iron Hematoxylin overnight.

Resulis and Discussion

The mycetosome in the cgg of N. lugens is a round body measuring
36 fm in dumeer located in the posterior rogi g2. TWo morpho.
Jogically different yeast-like symbiotes could be distinguished by microscgs
examination of the myceio
() clongated sheath-liks cells and (b) ¢
mycetocyles Werc MOre NUMErOUs.

al-shaped cells.  The former Kind of

The oval shaped mycetocytes from the eggs bad an average length of S8z
085¢m (cange 3.6—6/4m). The elongated cells averaged 14.35:2.020m (range 120
180 Fm).

The oval shaped mycetocytes from the fatbodies a
3.6—-6.0Pm) while the clongated cells averaged 13.%
Fig. 1).

raged 5.1 m (rag.
05 (range lox—lE s

Fig. 1 Oval and elongated myostocytes  Fig.2 Oval and clongated mv“‘?—“
isolated frem egg of N. Jugens isolated from fatbody of abd
of N lugens.
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. lugens

The clongated mycetocstes were signifi

. ignificantly longer th
oz in both thocegs and the fatbodies (Table 1) Howerer shony e o
dgnificant _ cifferences in the size of clongated mycctocytes froms g Lo 10
bodies and the oval shaped mycetoovtes from cags and fet bogres, > T

Tabel  Elongated and Oval-shaped Mycetocytes isolated f
Fatbodies of . lugens fom Bggs and

e
—_—

Organ of  Shape of Total number of Av
origin | mycetoeyte insects (n) (M:ig:slg;gm tvalue
fue Oval 2 5282085

Elongated 0 1435205 1710
Fat body  Oval 20 5112002

Elongated 20 13.87:2.02 18.69°

*Significant at 0.005% levels

The two morphologically distinet mycotocytes found in the cegs and fut-
badies of abdomen of N. lugens in Sti Lanka resemblo the two kinds of
mycetocytes reposted from . lugens from Japan (Nasu et al. 1981) and L. striatellus
also from Japan (Kusomi ef al. 1979). However the YLO described i this study,
vith a size yange of 3.6—6 0fm for the oval shaped cells and 10.0—18 Ofm
for the elongated cells. are smaller than the corresponding values of — 01 fm
for the oval shaped eclls and 15 -20pm for  the clongated cells of the mycetocytes
seported from N. fugens in Japan (Nasu et al. 1981).

d that in the body of the adult female
ovaries and penetrate into the
the role of these symbiotes

Although it is generally recognized tha
these organisms arc transferred from fat bodics to
e8¢ through the ovarial pedicel as a ball of symbiotes,
has still not been defined and await further study.
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TRACT The paper deseribss the ambryonic developmen
it

ight segmentation
and antenna end

Introdaction

The green leafhoppers of the genus Nephotetiix are common pests of the
rice crop in Southcast Asian countries (Kalode, 1983). Ta the Indian subconti-
nent, leafhoppers had the status of a minor pest till 1955, but suddenly becamc
amajor pestand caused severe damage, the first such incident being reported
in 1956, in Bangladesh (Ramakrishnan, 1983). Tn Sri Lanka, Nephorettix virescens
(Distant) and Nephotettix nigropicius (Stél are the most prevalsnt leafhopper
species.  Santa et al. (unpublished data) reportzd that N. virescens and N. nigropictus
were found in rice ficlds in Kandy district, comprising as much as 37.2%, of the
insect population (Rajendram, 1984). These were observed to increase very
gradvally till the beading stage of the crop and sharply after the heading stage.
and were also noted before maximum tillering.

Both nymphs and adults cause damage by sucking the sap from leaves
and stem of rice plants. Severe attock results in Wiat is termed “hopper bura”.
Besides the direct damage, they also cause serious damage indirectly, by trausmit-
ting the causal agents of various discases (Ling, 1972).

Eges are laid in groups on the inner surface of the leaf sheath, especiall
in tho bas bortion, Valle & Kuao (198¢) reported that the incubation period of
N. vireseens was 9.4240.11 days in Japan, under conditions of 25E1°C roor
temperature and 16 h photoperiod, using a susceptible japonica variety. ‘The present
study describes the embryonic development of N. virescens of Sri Lanka.

Materials and Metbods
N.vivescens culture used in_this experiment vas obtiaed from lri-:tﬁﬁ
st Arokilmadam in Jaffaa peninsula and resred in the WOOWOR L
University of Jaffua, o rice variely BG 9¢-1. The temperature
tegistered 28-32°C and relative bumidity 30-1 %
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Since V. virescens tends to oceur together with N. nigropicus and oty
Neplotertz species o the rice field, N virescens was identificd using the fgy
prepared by Ghauri (1971). Eggs of varying stages of development, 0-6 day oy
were obtained according to the method described by Rojendram & Selvadurai (isg,
Morphological observations of the different stages of embryonic development wery
made undera microscope and measurements made with the belp of an oayyr
micrometer, and averaged from 10 individuals. Theeggs were ctained in acety.
orcein or mounted in paraffin and 12Pm sections stained with haematoxylin apg
cosin, as described by Rajendram & Selvadurai (1987).
Restlts

‘The incubation period of N, virescens was 6.95:£0.65 days. Eggs are lig
in single rows on leaf sheath tissues near the base of the plant or in ventral midi
of leaf blades. The anterior ends of ths eges are attached to the leaf sheath by
a cementing waterial (Fig. 1). .

0 day old egg

The newly laid cgg is 760:40Pm long and 2404200 w wide (Fig. 2). Tre
egg is white in colour and contains a large yolky mass, granular in sppearane
The chorion covers the egg.
1 day old epg

‘The 1 day old embryo is approximately 766+ 40fm long and 260.£30pn
wide, Protocephalon aud protocorm regions are no'w visible, It appears pale allow
in colour (Fig. 3).

2 doy.old egg

The 2 day old embryo is 7024-37m long and 160420 m wide. ‘Tt is pee
yellow in colour. Protocephalon and protocorm regions are visible. The bead
develops subsequently in the anterior region of the egg (Fig. 4).
3 day old egg

The 3 day old embryo measures 780£30Pm long and 212:23m wide

Slight segmentation of the head, thorax and abdomen can be observed. Hesd
bears gnathal segments and antennal segments (Fig. 5).

4 day ol egg VIR

The 4 day, old embryo measures approximately 1070::77m Jovg 8%

319::40¢m wide.” The embryo is now_yellow in colour. Red eye spots bes2%
more prominent and can be discerned with the naked'eye. The genthal sedm

*‘become clear and ‘the  thoracic appepdages arc developed, The abdominal &
wentation is evident (Fig. 6).-
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5 day old egg

The 5 day old embryo is 1080+45¢m long and 330+20Pm wide, The
grathal segments can be divided into mandibles, maxillac and labram, The
segmentation of the legs can be seen. The length of the hind leg is 510£40Pm
tong (Fig. 7)-

£

6 day old egg

The 6 day old embryo is 1090£40Km long and 276:+22pm wide, The
antenna is approximately 300£:20Fm long and hind leg 950+70pm long. The
abdominal markings are more evident, The chorion assumes the shape of the
embryo (Fig ).

DISSECTED STEM

A ROW OF EGOS

virescens. (X 40)

Fig. 1 Dissected rico stem showing oggs of N.
V=5 . S
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Discassion

‘The incubation period of N. virescens in Jaffna was observed 10 be 6.9540¢s
days. But Valle & Kuno (1984) reported ap incubation period of 9.41:+011 days
for M. virescens in Japan, in a 25:£1°C room temperature with 16 h photoperiog
using a susceptible japonica variety.

In the presont study, the orgap system appears first in the future thorag
region in the vental side of the embryo and then extends to the lateral and dorsy
sides. The phenomen appears to confirm the presence of a differenciation cente
reported in the Hemipteran Pyrrhocoris sp. (Seidel, 1924) and Nilaparjvata lugas
(Stdl) (Rajendram & Selvadurai, 1987).

The embryo of the insect is at first divisible into two main regions-
a protocephalic region or primary head region and a protocormic region or prinary
trunk region. The protocephalic region gives rise to the preantennal segmeuts
and gnathal segments while the remaining segments form the future head. The
protocormic segments bear the rudiments of the future thoracic legs and e
remaining  segments constitute the thorax and abdominal cgions. The above
segmentation is clearly seen in A, virescens embryo in the present study.

Coloured eye spots have been reported in the embryo of N. ugens afté
72h (Rajendram & Selvadurai 1987). Red eye spots were visible in embryoof
N. virescens, in the present study, after 72 b, less than half-way through embry>-
genesis.

The  shorter developmental period as compared to Valle & Kuo (58)
appears to be due to the higher temperature conditions in the present study.
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ABSTRACT During centrifugation for 3 hours at speeds of 185 rpm
and 370 rpm, adult Callosobruchus mculatus leid eggs =t regular intervals
on host seeds. The centrifugation caused no significant change in the
number of eggs 1.id, aumber of viable eggs, developmental pericd from
egg to adult and longevity of adult.
Centrifugetion at speeds of €60 rpm, 1000 rom and 3000 rpm brought
nificant drop in tho total nunber of eggs faid and tho number
of viable eggs also was reduced.

When centrifuged at 4000 rpm and 50:0 rpm, the wosvil ejectsd the
©ggs In a hoap on the glass surface of the conlainer and subsequently
the fomale died. The's was a highy signilicant drop in the number of
eggs laid and viable eggs.

It appears that contrifugation of Callosbruchus macularus at lower
speods does not cause any harm, but centrifugation at higher speeds
affects both the egg laying capacily and the viabilty of eggs.

Tatroduction

The cowpea weevil, Callosobruchus maculatus is an important pest of
various pulse crops in Africa, India, the middle and Far East (Hill, 1975 [t
inflicts considerable damage to cowpea seed. Infestation which commences 08
mature pods and seeds in the field, persists and increases during storage (Ostl
1982). Female lays her egus on the surface of the cowpea and the newly hatched
larvae tunnel directly into the kernal, ultimately the inerior of the cowpea S
is virtually destoryed by the feeding activity of the developirg larvae (Storey, 197

The principal method of controlling this pest is fumigation with meth!
bromide in the stores (Mctealf and Flint, 1979). An alternative method of effet®®
control other than fumigation would b desirable.

An attempt has been made in this study to determine the effct o |
horizontal centrifugation at different speeds on number of eggs laid, viabiliy o
eggs, developmental period from egg to adult and longevity of adult of Cal™

bruchus maculatus.
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Materials and Methods

Amass culture of Callosobruchus maculatus was maintained under laborato
andions on cowpea sceds which were previously heated to 140°F for four ous
snd cooled thereafter. C. maculatus was introduced into the jar. The adults that
{emerged from these culture were used for experimental purposes.

In the experimental set-up, newly emerged adult C. maculatus (one femal

two males) were allowed to mate and were introduced iato a fest tube (60 ml;

ontaining 5g of cowpea seeds covered with fine gauze for veotilation. These fest

{ubes were kept in each of the centrifuge tubes which was left open in order to

fslitate veatilation. The weevils were centrifuged for three hours.  After centri-

fugation the  test tubes were removed and observations were made until the
weovils die-

Control expetiments were conducted concurcently with the same number
of weevils which were kept in comparable test tubss and observations recorded
uail death of the weevils under similar conditions (7.6°F and 78%RH) but without
centrifugation.

Resalts
1) Namber of eggs laid -
Eqg laying started during the period of three hours of centrifugation, aud

continued after removal from the container. The mean number of eggs laid per
single adult on host seeds was 100.8 and 966 at speeds of 185 rpm and 370 rpm
ispectively. Tn comparison with the - weevils of the control experiments, the centri-
fugation at-this speeds caused no significant change in the number of eggs laid:

When centrifuged at 660 rpm, 1000rpm and 3000 rpm, the eggs were
ot laid during centrifugation but laid after centrifugation. However tho centrifug-
tion at _these speeds brought about a sigaificant drop in the  total number of
s laid.

When centrifuged at 4000 rpm aod 5000 rpm, most of the weevils (60',’?
ciected the eggs in a heap on the glass surface of the container and’ subs&quunvl Iy
the weevils died. There was a highly significant drop in the number of b

id by the surviving weevils in comparison with that of the normal weevils. Mos
of the males were alive even after centrifugation at theso speeds (Table [ ().

3 Number of viable eggs
. i
There was no significant chaoge in the number of eggs I:allciciv;s.‘cf
®@ntrifugation at 185 rpm.and 370 rpm, when compared with the normal 1o
" Among the eggs that were laid by tho veevils ”““’Qﬁix ::;’ thoso
3000, 4000, & 5006 rpm, a significantly smaller number batc
' fom the control experiment (Table T (b)-
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3) Developmental period from egg to adult and longevity of the adult.

There was o significant difference in the developmental period. (arouy
23 days) from egg to adult by centrifugation. But the longevity of aduly o
4000 rpm and 5000 rpm, was reduced to 3.6 days and 34 days from 68 andg
respectively (Table 1 (c)).

Discussion

The control of insect pests by horizontal centrifugation has mot beg
attempted before. It appears that centrifugation affocts most of the systems of
insects, causing death. The effect of centrifugation on C. maculutus Was experic
mented in this study.

It was found in this study that centrifogation of the weevils at lowg
speeds (185—370 rpm) has not affected the number of eggs laid, the number of
viable eggs, developmental poriod and lon.evity. Itappears that the weerl
could withstand such i it However, the i ion at higher speeds

Table £ ; Effect of centrifugation on (a) Number of eggs (b) Number of viable e
() Longevity (days), of C. maculatus. (tpm=>Speed of centrifuge)
*Significant (P=0.05)

ipm Control Centrifuged weevils Difference
@ ® © @ ® © @ ® ©

185 1055 628 69 1008 602 6.7 47 26 02
370 1018 6.5 6.5 966 515 65 52 40 00
660 983 22 68 00 470 63 %83 *22 03
1000 935 580 6.1 590 330 60 *345 *250 01
3000 1001 614 65 593 320 S4 *i08 *294 ‘I
4000 910 570 68 320 150 36 500 *420 %32
5000 950 385 66 150 100 3.4 00 *485 *2
-

id

(660—3000 rpm) caused  significant drop in the total number of eggs Tai
the number of viable eggs. Obviously, the cantrifugation at these speeds has aff&”
the fecundity, This was probabaly due to physiological disturbances. caused u:

6 : developmental stages of the oooytes. Such centrifugation did not &
considerable change either in developmental period of the larva or longevitf &
aduit. e T LR -
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When centrifuged at still higher g
n ce hi Peeds (40005000 rpm),
female weevils cjected the eggs which did not develop at all, pc:ntr:‘;:“az'aaf m
these speeds too caused a drop in bl

the number of i .
eggs, and reduced the longevity g ¥ cges laid, the number of viable

to centrifugation than malss.

Although fumigation has been the method of control of the pest, the centre
fugation method gives an effective Gontrol o females and reduces the possvity of
development of eggs of the wesvil. This method of control s promistog If chaciat
treatment had t0 be avoided for very specific reasons, Besides igives somo indieation
on the effect_of gravitational force on egg development which may have morphor
genctic significance related to polarity and development of physiological gradients

during egg development,
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HEAT STRESS IN SRI LANKA—A HUMAN CLIMATIC APPROACH

MANICKAM PUVANESWARAN

(Ooparmont of Goography. Univrslty of datfne, Jafina, Sl Lanke)
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ABSTRACT Human Thormal climate of Sri Lanka was
tho bass of heat stress. Theorotical and seml-omplrical exo:
e lor each Individusl hoat exchange term in the steady state
e e of ' nakad, averag person standing at rost and facing the sun.
bl Sicoss on such a raforenco individual has boen calculated from
Homporaturo, vapour pressure, global solar radlation and wind spood for
22 mataorological stations In Sl Lanka on_the basis of four weathor
seasons.

-

Tatrodaction

In the past few years there has been a growing interest in using the
Energy Balance approach to quantify the environmental impact on man. OF the nter-
actions between man and his atmospheric environment, thermal or heat stress i
more easily quantifiable than others. In the recent past a number of modls
have been developed to relato the man-environmental relations on tho  basis of
the oncrgy balance approach.

The energy Balance approach devised by Tetjung (1966, 1976) for the
United States, employing some estimates of all the four basic climatic parametes
such as mean monthly maximum and minimum temperaturcs, mean montly
humidities, bours of sunshine and wind chill, delineate areas of effective temper
ature comfort zones. The scheme of effective temperature was first proposed b/
Houghten and Yogloglon (1923 a&b) as a tool of measuring heat stress for indoot
sedentary man. However, despite its comprehensive nature, the scheme was fot
based on meaningful relationships between simultaneous data. Landsberg 9m,
Auliciems (1973), and_Auliciems and de Freitas (1976) used calorific_insulatatio?
requirements for a variety of metabolic rates in Canada, using empirical bt
exchange constants applied to simultaneous observations of cloud cover, temp”
are and wind velocity at specified hours. The scheme was_successfully apple!
to the Australian environment and the results proved that it had grater applic-
ablity. As Auliciems and Kalma (1979) indicated, “the proposed procedures &2
be used with minor adjustments as well, either for the climaticclassification o
for the estimation of thermal stress at any given environment. This scheme ¥
presently used to measure heat stress in Sri Lanka. :

Before proceeding to explain the method i il, it is i <
) 0 od in detail, it is important t0
::: Island's weather conditions in order to assess the ‘eat melsap situation o

s tropical Island. Sri Lanka is an island situated at the South-castern P %
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ndia. The island is located close to the equat i i
055 and 9°55' North and between e 1:.:gi':.:,];“°‘r’m;;f"ﬂ:§° aaitudes
‘Altnough, Sri Lanka is_small in size, remarkable variations can be s i
weather and climate. The latitudinal position, topography, neig]lbou"en ":am
s, namely the Indian sub.continent, and upper s ohanges aes fesars e
Tontrol the whether pattern of Sri Lanka. Thero are two. mensoons. whn
remarkably vary in terms of their origin, direction, relationship with the e
yimospheric circulation and the amount of rainful they yield in two diffsry
regions of the Island - namely the dry zone and the wet zone. In between the
two monsoons, thore are also two other seasons, which are referred to as inter-
‘monsoon seasons, with reference to their occurrence, and as convectional sesons
wlll} rgll'erence to their characteristics. The seasons and their months are given
in Table 1.

Table 1: General Weather Seasons of Sri Lanka

Months Season

.
March April Convestional Season

May September South West Monsoon Season
October November Convectional Season

December  February Nortn Bast Monsoon

These seasons have beea classified mainly on the basis of wind and rain-
fall variations. However, variations in the temperature over the Island are not
sigaificant. The annual range of temperature is not more than 70 °F in any
part of the [sland, and there s little difference in the length of day, ualike the
conditions near the poles during summer, In Colombo, the longest day which
falls on the 22nd of June is only 48 miautes longer than the shortest on the
20d December. In Jaffua, it is 68 mioutes longer while in Galle it is only 42
minutes.

liorated by the thick clouds which form

The heat is also considerably. amel I o
 hottest partof 4 h tho traasission of radiant

during the hottest part of the day; these interfere witl
energy in the air and protect land very considerably-

Powerful insolation throughout the year is a remarkable featuro all over
the island, However, the rainfall vaiation amovg the weather §eunn;, c:::.; .1;:1
Wind play a sigaificant role in ameliorating the heat stress condiions. Fore um,:ﬂ,
When the seasonal dry weather provails during the months of May b npd o
in all parts of the dry zone, hizh wind speed subdue the best siess ondidons
When the wind speed falls, then excess sweating and dsswmfa;l rl;t“  Simierd:
Stress is higher on cloudless days than a cloudy days. But the
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not vary as much as in temperate regions where exireme negative an,
stress conditions are found in winter and summer respectively. Reasonable heat
stress variation arises from altitude. For example Nuwara Eliya (1830 m)) shogg
3 nogativo suress condition duo 10 its lower temperature caused by the envigpy.
mental lapse rate. However, these negative heat stress valucs are insignifian
when compared with the cold stross valuzs are insigaificant when compared gy
the cold siress or negative heat stress figures of winter scason in temperate regions.
For example, in Australia the negative heat  stress value ranges from 100 watts 1
900 wats in the winter season (Auliciems and Kalma, 1979".

d positiye

Although several studies in bio-climatology have been carried out in other
countries no such studies had been done in Sri Lanka in this field unit 1981,

The present work is a quantitative human heat stress study which is
besed on standard climatic data.

Materials and Methods

The Energy Balance approach is a modern technique which aids in the evalua-
tion of the environmental impact such as heat and cold,upon the human body, The
components of this eneray balance equation satisfy both environmental and body
heat regulation processes,

In this study the heat stress of a tropical Tsland was calculated from
an equation which was derived from various methods developed in bio-meteorology
particulary in human climatology. 1In this scheme the heat stress of the steady
state energy balance of a naked, average person, standing at rest and facing the
sun is calculated by using air temperature, vapour pressure, global solar radiation
and wind speed.

The complete cquation for calculating the heat steoss is as follows:
HS=[1324+(Q+Q)m— (12.3+26.2 V°5) (35~ Ta )]
exp [0.6 (E/Emax - 0.12)] -(W)
where, HS=Heat Stress, (Q+q)m = net (direct —Q, and diffuss —q) solar u.di-
ation on man, V=wind velocity in m s, Ta = air temperature, E=evaporatite
heat loss and Emax=evaporative capacity of the nude body. The details of deriv-
ation of this equation are fully discussed in Appendix I.

Data :

Heat stress was calculated with the aid of the Thermal Stress equation
22 meteorological stations which are fairly ropresentative of the Island. Consid'r
ing the weather seasons of the Island and the movemeat of the sun in Sei Lanks.
We have selected five months and six time periods of the above seasons for heat
stress calculations. This is given in the following Table.
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Table 2 Seasons and Time Periods Selected for the Study,
Months Time Reason for Selection
v — - . —
Xl March 21st Month of Tnter Monsoon (1) Equinox
y Vernal = vertical position of the sun gt
y the cquator,
! April 8th Overhead position of the sun at Colombo,
Inter Monsoon (1) month.
 June 2md Month. of South West Monsoon-summer
solstice. "
| Septemoer Sth Overhead position of the sun at Colombo
and last month of South West Monsoon
season,
September 23ed Autumnal Equinox ~and last moath of
| South West Monsoon scason,
Decembr 21st Moath of North East Mlonsoon and
‘ winter solstice,
On the basis of this classification. maps were drawn 10 illustrate the areal
ditribution of the  het stress. Da'a for the stress cleu'ation were 1iken from the
published and unpunlished manuseripts fron the Col nb) m:teorological depurt-

ment.  Maximum temp.rature, averaze himidty, wod velosity. cloud overage

ad air pressure were used with the avarige for v tiidad deciod of 3L 6).

Vapour pressure (Pa ) was calculated from the for nu'a
PYV—(Ps —P'w)(t— )

[

2800 — v/ .
Where, P'V is actual vapour pressure, in psia, (Appendia V), P w. i)
Pressure corresponding to the wet bulb temperature in  psia. P'a .Um F, and
Pressure. (Appendix VI) in psia, t—is dry bulb femperature in degree Fy
U~is wet bulb temperature, in degree F (App:ndix Vil).

. i alated
Sun angle and solar _lovation for o paciula losation wers calosyed
fom latitude, date and time with the aid of the standard s glossary with
“andard ground albeds figures were taken from the . The above data were
e consideration of the la1d use pattera of the island: tion of the Island.
Hilized to calculate thermal stress for every selecied - thown i the Table 2
2t Stress was calculated for 1500 LST for the months native day-
o Sti Lanka and tho valuos were obtained for & represen
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Results and Discussion

Heat Siress was quantified using climatic and physiological parameer
with the aid of the scheme developed by Auliciems and Kalama (1979), Ty
scheme is applied to an average man standing out doors, excluding any clotng
insulation and standardizing his metabolic rate and in upright posture facing ihe
sun. By solving the beat stress formula, the values of heat stress were obtained
and they were ploted against the locations which are very well distributed and
which are well represented over the Island. Heatstress was calculated for selected
months according to the movement of the sun and the weather seasons of the
Tsland,

March 2ist and September 23rd are the months and days referred to as
vernal equinox and autumn equinox in which the midday sun is located very close
to the equator, it was realized that it will be useful to study the pattern of the
thermal stress on these days. Similarly 8th April and 5th September are ako
taken for heat stress calculations due to the fact that these are the months and
days receiving the sun rays directly overhead (90°) at Colombo aad for a consider-
able period before and after these two dates the rays are nearly vertical. The
months of March and Apirl fall on the first convectional season in the weather of
Sri Lanka.

June 22nd is the summer solstice and it is also within a representatie
day for the south west monsoon season.

Similarly, December 22 which is in a representative month for the north
east monsoon referred as the winter solstice in which the sun's rays come into
contact with any segments of the surface at its lowest angle in Sri Lanka, However
this angle is never lower than 57° above the horizon at midday. Taking the solat
angle into account, the above months and dates have been selected for heat stress
calculations.

The 2Ist of March is the day of the vernal equinox. On this day the
solar angle for every part of the Tsland is more than 80°. The sun's rays strikiog
at a high angle ‘ndicate that any part of the Island receives intense radiation hest,
In March, a smaller region around Nuwara Eliya is close to neutrality and it shows
the negative thermal stress (~71W) which is mainly due to the effect of tho altitude:
However, below this elevation a gradual increase in heat stress towards the 10¥
Jand is typical. The 200W heat stiess fine goes across the Island dividing t%0
areas approximately south-cast and north-west where the south-cast section shows
the heat stress vilues below +200W., and its counter part shows the increasind
heat str.ss trend. Anuradhapura receives the highest heat stress in these monh:
High intensity of insolation due to mainly clear skies along with a reduced inflve®®
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of the sea breeze mainly because of its interior location would have caused this
auern. Clouds forming over the se, certainly have an effect on the solar
P iation at the coastal stations.  (Fig. L)

Figure 2 shows the pattern of heat stress in April. As mentioned earlier,
on the 8th of April the sun i direstly overhead in Colombo. Tae sun’s rays are
Jertical for a considerable period before and after this date. Fignre 2 clearly
shows  this fact when compared to March, ‘minimum negative heat stress is typical
in April over 1830 m. However, below this height heat stress increses towards the
low lands. The northern plain still remains as the higher thermal stress region
in which Anuradhapura has a heat stress value of 298W.

Not much variation in heat stress can be seen between the above two
months except for a slight increase in April. The eastera coastal region shows
igher heat stress conditions than tho western coast. As this region is experiencing
thunderstorms  with lower cumulonimbus clouds in the above months, these
weather phenomenon should have been influsnced by increasing cloud reflection of
incoming solar radiation in the western part, Therefore, 0o remarkable trend in
direction is seen in the distribution of heat stress values.

Figure 3 illustrates the heat stress distribution for the month of June. This
has remarkable features according to the weather which prevails in this m nth as
takes the Island’s weather into the overall control of the south west monsoon.
The isolines also cleacly elucidate its direction i.e. SW = NE. The southern portion
including the highland, gets a beat stress value below 250W, whereas heat stress
values increase towards the north-east by >400W. This is mainly due to the
positive and negative effects of the South-west monsoon respectively in the wet
and the dry zone of Sri Lanka. Negative heat stress occurs above 1830 m.

The sun is directly overhead at noon in Colombo on S:ptember 5th and
on the 8th of April. When we compare Fig. 5 with Fig 2,a clear relationship
is seen between the patterns of heat stress. However, the neutral region is much
sider than ia April and negative heat stress ocours (over -100W) around Nuwara
Eliya. Although, no saow fall has ever ben observed in the Island, temperatures
in decp valleys of the high land over 1830 m drops below freczing poiat. Such
condition is responsible for the negative thermal stress.

Figure 5 shows the heat stress on 23rd September, which is the Autmn
Equinox, There is not very much variation of heat stress compared 1o Sth
September.  High heat steess stll prevails on the northern low land particularly
around Anuradhapura and Trincomalee.
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December is the representative month for north east monsoon season agg
1t s referred o as the winter Solstice. The highest negative heat stress prevgl,
at the height of over 1830 m in Decomber. (Fig. 6). The 200W heat stresscury
is narrowed down around the central highlands, Ratnapura and Anuradbapery
are the only two stations which are receiving heat stress slightly higher than 300y,
Most part of the northern and ecastern regions receive heat stress between 209
300W. Lower heat stress disteibution in December, compared 1o Soptember
indicates the influcnce of the north cast monsoon on a wider area. '

Conclusion

The tropical location of the Island favours intense insolation throughout
the year. High intensity of the sun's rays falls on the surface of the [sland. The
sun's movement make ooly negligible variation in insolation, Therefore, high insol
ation throughout the year on the island causes high heat stress, Howeser,
monsoonal airflows have significant influence on beat stress distribution Whils
high heat stress occurs on the lowland areas, negative heat stress prevails in the
highlands particularly over 1830 m. However, high heat stress is a dominant
feature in most parts of the Island at all solected poriods. The quantified version
of heat stress and its spatial veriation shown in the figures will certainly give
a greater insight into the environmental impact on the human body,
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Appendix I
Derivation of Heat Stress Equation

Energy Balance approach is a modern technique which aids in the evalyg,
tion of the environmental impact such as heat and cold, upon human body, s
components of this energy balance cquation processes. This can be writien 5
follows:

MrxR£C-E==x§ Wal -

where, M is net metabolic heat production. R is long wave or infrared radian
heat exchange ( + for et loss), C is convection heat exchange  + for netlos),
E is evaporative heat loss, S is storage within body tissues, Wi?, Is energy
flux donsity in watts per square metre of surface-area of body. When considering
the thermo-regulatory process with the environmental factors, the heat dissipation
oceurs in two ways ¢

(1) Those controlled by thermo-regulatory mechanisms wich respond to
environmental factors and (2) processes which are either constant or largely u-
controllable and are going on at all times irrespective of ambient warmth (Auliciems
and Kalma, 1979).

Of the second category the heat loss through the respiratory tract (Mz)
insensible perspiration (M ) and  transformations into mechanical work (M )are
the typical examples. Quantitative data of respir-tion and perspiration loss show
that these are remarkably constant and they amount to some 23% of the metabolic
rate (Dubois, 1927). However, 20—30% of ‘the metabolic increase above the basi
rate of 50 Wm? is transformed iuto mechanical work (Winslow and Herriogton

Lorg wave radiation and convection may be considered mmhu as bt
exchavge (D) resulting in cooling in accordance with Newtonian prn
directly apply to the human body over a wide range of emronnenl oo
(Bedford, 1948).

Thus :

D=R+C (W &2 -@
Thus equation (1) may be written:

MrtD-E==x8§ (Wrg - ()
where,

Mr =M= (Mx +M#) = Mw - (@0

The Metabolic rate was taken for the upright standing posture with
M of 116 W72 without any clothing insulation
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The equation in formula (2a) has the required physiologi
he hoat balanco calculations. Given zppn,,,,i:“";“:“z:‘“a‘;’f'::rlnn-rr:‘nl:am for
Tadation and cooling constants, heat stress (HS) may be estimated uder o 1o,
of physiological circumstances, Perhaps, it is most useful to assume m: varity
attempting to achieve maximum thermal comfort o neutrality only by m{ﬂﬂlj is
ata skin temperature of 35°C.  Setting M at 116 Wa2, (Ms + M ) is 19‘\’;,“25
an 0.25(M - 50) is 16,5 W2 My therefore becomes 71 W2, Total
metabolic. heat loss is obtained by multiplying by A=1.56 m, the avetags surface
area of man. (Terjung and Louic, 1971); Thus AMs is 132W,

D isdry heat exchange or portion of heat loss by a sweating man at 35°C
and D can be calculated as follows:
D=h (35-Ta) Wa?] -0

where Ta is temperature of air, h is the combined coefficent of heat
transfer to the air consisting of radiation (i ) and convection (he) components.
A large number of both theoretically and empirically based calculations have
demonstrated that the long wave radiation component by may be regarded as a
constant in homogencous environment (Auliciems and Kalma, 1979). ~ Siace Sri
Lanka is an island and its arcal extent is very small, this factor is taken as
constant, Loss through convection, on the other hand, (he) varies according
to the rate of air motion. These combined heat transfer coefficients have been
estimated by various researches by experiments (Nelson etal, 1947, Woodeock
and Brechenridze, 1965, Colin ct al, 1970). The equation by Nelson et al (1947)
closely corresponds to the gencral formula proposed for day heat lossess from
th men and animals (Monteith, 1974) and it is a very well known equation.
h=66+87V0s [W 2 °C -] -@
where, V is wind velocity in m § -1 (Appendix 1)
E, the evaporative heat loss is equvalent to the actual
human body,
E=AM: +(Q+@)m - AD -6
wheré, (Q +Q)m is net solar radiation load on man. Ais average susface

area of man, Mr is net metabolic heat production, D is dry heat exchange.

sweating rate of

Bvaporative heat loss is equivalent to the amount of heat which has not

been climinated by long wave radiation and convection.
1o solve the heat ‘balance
ion data is available in
ka, radiation in this case
d Proctor (1976)

Solar radiation data is an essential component
formula, However, no_instrumentally measured radiat
Sti Lanka, Due to lack of insolation data in Sri Lanka.
was calculated with empirical metbods described by Paltridge an
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and Pallridge and Piait (1976) based on cloud cover observations. First Qy gy
direct clear-sky radiation on a unit horizontal surfuce per unit time is caleulated
from the following formula (Appendix Ifl).

Qn==1000 [l - exp (-0.06x)] (1 - ¢) Sinex [WH] =(6)

Where. <« is solar angle (degree) and ¢ the observed fractional cloud coyer
(0-1). S.lar angle o= s caleulated from the coordinates of the station concerned,
its time zone, date and station time,

The total (Global) radiation on a horizontal surface per unit time (Qs +u)
is then calculated from:
(Qu+an) =To(1-ag) [l -k -ki (I-@)] sin=  [W&2] -
where, Qu = Direct clear-sky radiation on a unit horizoatal surface per usit iz,
gn = Diffuse radiation on horintal surface. (W m2)
To =Solar constant. (1333 W 72)
a, =Mean could albedo taken at 0.5 (Paltridge, 1973).
Absorption due to H,0 Vapour set at 0.18.
Ky =Albedow of clear sky in fraction (1 -$) calculated from Paltridge (1973)
Tt then follows that:
an=(Qn+an) -Qn W] -®

The net direct radiation falling in the vertical human body surface Qv is
obtained from

Qv = AAi (Qn/Sin=) (l-ap) W] -

where, Aj is the fraction of body area, A is receiving radiation ona plane

normal (o the beam (measured from intersept area for specific angle by

Breckenridgo and Goldman (1972) and ab the albedo of the human body-

Nt diffuse radiation qu falling on the vertical body surface is calculated from*

Qv =A(Az +Av/2) qn (1 -av) w =319

where, Az is the fraction of A facing zenith and Ay the fraction facing
horizon. (Breckenridge and Goldman, 1972),

If Qq and qqare the direct and diffuse radiation reflected by the ground

and falling on the vertical body surface, then:

Qq +qq=(AAv/2) (Qn+ qn) (cos=jaq (1-ab)  [W) -

Here, aq is the fractional albedo of ground obtained from Gentilli (197))
and « the solar angle (degree),

The net solar radiation load on man become.
v + Qv Qa + dq
(1-ap) (AjQn/Sine) + [(Az + Av/2) qu]+
[(Av/2) (Qn + qn) (cos=)aq . ] -a2)
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Given that A=186 7 a is the albedo of dark sk

Ay = 0.1, Av = 0.6 for a sianding person facing the sun, it follows fhar

(Q+ Dm =112 A4 Qn /Sin «+ 045 gy +0.34(Qs + qu ) ’
(Cos=) aq w —(13)

inand set at 0.3 and

The calculation of net direct and difuse solar radiation absorbed by the
puman body (Q + @) thus depends on the Solar elevation and surface albedo,

When radiation R and convection C fail to climinate tho heat load of the
human body, active sweating may be expected to occur once the temperature
of skin reaches 35°C. The evaporation term E in equation (1) then represents
the amount of latent heat of vaporization required to bs removed inorder to
maintain homeothermy but as such it does not indicate the levels of inefficiency
involved in sweating processes. This depends on the rate and place of evaporation
and the amount of energy drown from the adjoining air. Luwer efficiencies are
clearly associated with higher sweating, ie. excess sweating. Givoni (1976) bas
expressed such excess sweating in terms of a cooling efficiency factor in his Tndex
of Thermal Stress formula. This may be regarded as equivalent to :

HS=[Mx + (I/A) Q+dm - Dii ] (A/D) W -a9

Where, HS is the heat stress, which is equivalent to the total amouat o
sweating per unit time, and according to Givoni (1976), (f) is the cooling
efficiency of sweating:

1/f=exp [(0.6 (E/Emax -0.12)] -1
with1 > f 20,29,

The actual sweating rate E=Mr + (I/A) (Q+9a - Dii is “"w““' o
the amount of heat which has not been climinated by long-wave radiation aad
convection,

Enax in formula (15) is the evaporative capacity of the nud bady.  This
an be calculated from :

Emax =37.2 V 03 (42-Pa) W )
mmHg: and 42 maHg represents

P, i of air in
here, P is the vapour pressure s wiod spsed (s ).

Wi
the vapour pressure on the surface of the skin at
tho haat stress or Thermal

ideri i ve,
Considering all the factors mentioned 2b0 e can be wrttea a5

Stress of a human body, expressed as a positive thermal
ollows :
HS=(132 + (Q + Q- (123 + 262 VO (5-Ta) &¥P
w1

-
06 (B /Enss - 0.12)] @
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Appendix 11

Wind velocity m s '
(Vmph x 0.44715)
30

Vol.3, Nos, 14,

ms
Representative Months
Station March ril September December
Colombo 155 163 2.38 223 18
Puttalam 1.80 198 4.08 365 241
Mannar 283 247 234 3.57 259
Jaffna 160 283 550 5.10 164
Trincomalee 232 228 484 365 410
Batticaloa 242 211 220 216 286
Hambantota  3.63 337 514 522 39
Galle 2,02 249 437 402 210
Ratrapura 095 0.98 1.36 122 083
Anuradhapura 095 098 136 122 08
Kurunegala 1.09 1.06 237 223 104
Kandy 136 0.88 137 141 LB
Baduila 127 112 201 149 12
Digatalava 0.8 092 191 136 097
Nuwara Eliya__ 2.19 140 377 237 220
Appendix 1T
Direct Clear Sky Radiation on a Usit
Horizontal Surface Qb (Calculated data) W 72
Stations March  April  Junc  Sept Sth  Sept. 23rd  Deo. 2d
Colombo 463 358 142 219 217 3%
Puttalam 59 537 207 348 344 3
Mannar 588 590 204 308 304 26
Jaffna 636 4% 308 407 401 38
Trincomalee 551 418 230 293 325 %
Batticaloa 91 447 o 378 393 2%
Hambantota 523 48 254 318 375 30
Galle 474 38 237 328 356 39
Ratnapura 395 308 168 249 247 25
Anuradhapura 590 40 222 278 324 mn
Kurunegala 502 378 175 289 276 o7
Kandy 52 38 150 279 276 m
Badulla 503 328 318 348 404 25
Diyatalawa 444 348 260 279 336 185
Nuwara Eliya 44 308 g4 189- 187 u
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Appendix IV
Diffuse Radiation on Horizontal Serface
Qb=(Qb+gn) - Qb [W 7]
Station March  April  June  Sept.Sth  Sept 23rd December
Colombo 99 29 3719 419 419 285
Puttalam 235 28 3 355 352 291
Manoar 285 152 338 419 a1s 292
Joffas 2 2w 2 327 324 288
Trincomalee 25 290 3% 391 359 323
Batticaloa 302 307 304 351 329 320
Hambantota 266 314 37 38 37 290
Gallo 2 328 33 381 350 288
Ratnapura 330 419 365 402 300 3m
Anuradhapura . 259 329 330 412 359 306
Kurunegala 219 38 360 375 383 31
Kandy 256 331 368 385 383 326
Badulla 7 362 21 387 36 330
Diyatalawa 06 35 32 315 357 359
Nuwara Eliya 313 419 403 429 a2 38
Appendix V
Vapour pressure [Psia] (Calculated)

Stations March April June September December
Colombo 20 258 263 2.7 24
Puttalam 2.4 259 251 23 25
Mannar 25 252 255 A4 216
Jaffna 20 259 240 24 214
Trincomalee 23.4 252 22 23 21.1
Batticaloa %45 253 218 23 25
Hambantota ~ 24.3 29 %4 2.9 29
Galle 250 267 252 245 29
Ratnapura 21 25.1 49 2.1 26
Auuradhapura 227 27 26 208 207
Kurunegala 227 2.6 2.5 232 150
Kandy 27 27 214 208 200
Badulla 206 215 217 185 201
Diyatalawa 17.0 17.5 158 155 172 .
Nuwara Eliya 138 133 13.9 13.6 134

V=g
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Appendix V1
Air Pressore (mb)
Stations March April June September Decering
Colombo 1010.25 1008.75 1009.6 1008.85 oy
Puttalam 1010.55 1008.75 100885 10l0gs
Mannar 1010.65 100845 1007.45 10108
Jaffna 101095 1008.3 1007.05 10105
Trincomalee  1010.55 10082 1057.0 10100
Batticaloa 10106 1008.5 1007.3 10i0gs
Hambantota  1010.15 100345 1008.55 100945
Galle 101045 1008.8 10098 100975
Ratpura 101045 1009.3 10935
Anuradhapura 10011 1002
Kurunegala 95%5
Kandy 9535
Badulla 93568
Diystalawa §753
Nuwara Eli s
Appencix VIT
Mean Wee Balb Temperscare (°F)
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