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Use of Silkworm (Bombyx mori L.) Pupae as a Protein

Supplement in Poultry Rations
M. S. WIAYASINGHE AND A. 8. B. RansGuru
Departnent of Animal Husbaadvy, Faculty of Agriculture, University of Sri Lanka,

Percdeniva Campus, Peradeniva, Sri Lanka.

(Paper accepted : 18 May 1977)

Abstract :  An investigation was conducted 1o find the offect of various levels of
replacement of local fishmeal with silkworm puoae (SWP) on the performance of
broiler starters, brotler finishers and laying hens.  The results indicated that SWP could
successfully re 'ﬂaoc local fish-meal in pouliry rations.  The presence of an unidentified
growih I'luur in SWP for chicks was also ohserved.  Improvement in reproduciive
performance in terms of hatchability of esgs and weight of chicks at hatching time
were observed when SWP was included in lavers 1 A favourablo alieration of
the sex ratio in chicks towards fominity was o

1. Intreduction
Little work has been done in Sri Lanka, to replace the traditional animal protein
supplemenis in animal feed with by-products of agro-industrial origin, In silk
manufacture, silkworm pupae (SWP) arc discarded as a by-product during the
reeling operation, At this stage, however, they are surrounced by a tough, chitinous
covering of a gluco-nroteinous material which must be removed before utilization
for animal feeding.® With the rapid expansion of the sericulture industry in Sri
Lanka it is expected that a large quantity of SWP would be available as a by-product.
Both dry and wet methods have been employed for the removal of this chitinous
covering. In the dry method, mechanical cutting, crushing and sifting is carried out
in order to separate the chitin from pupal matter. In the wet methods, boiling is
done either in water or in a dilute solution of caustic soda to soften the chitin, which
is then peeled off mechanically or manually.?

The pupal matter that remains alter the separation of the chitinous covering
contains a high percentage of protein and oil. The pupal oil contains nearly 759%
unsaturated fatty acids which has valuable industrial uses.*® Both SWP and pupal
residue after oil extraction have been used as animal feeds for chicken, pigs, rabbits
and cattle and also as a food for freshwater fish.2 The presence of large quantities
of unsaturated latty acids imparts a peculiar smell to the SWP and it is generally
believed that flesh or eggs of animals fed on undefatted SWP have an unpleasant
odour for the same reason.’.2 However, this phenomenon was not observed in the
investigations carried out by Habe ef al.'! and Yoshimura,’ using undefatted SWP,
Today, there are a number of patented biological and chemical methods for the
deodourization of SWP. No attempt was made to deodourize or defat the pupal
matter used in the investigation reported here. It was attempted in this study to
evaluate the possibility of replacing local fishmeal with silkworm pupae in broiler
starters, broiler finishers and layer rations.

1—16459
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2. Materials and Methods

2.1. Materials

A consignment of dried silkworm pupae with their chitinous coverings was obtained

from the Central Sericulture Station, Pallekelle, Sri Lanka.

This product was

compared with Grade I (ish meal produced locally.

2.2. Preparation of SWP

The pupae were first ground (in a feed grinder) to tear open the chitinous coverings
and to release the enclosed pupal matter that was powdered in the process. The

chitinous matter was then manually separated [rom the pupal powder.

of the latter from this process was about 469/,

no loss of soluble nutrients as in the wet methods.

The turn out
This method is simple and involves
In order to obtain the maximum

recovery, manual separation, although cumbcrsome, needs to be carried out carefully.

2.3. Chemical Amalysis

The pupal material and the fish meal were analysed for major nutrients according
to the methods recommended by the Association of Official Agricultural Chemists.*

These analytical values are reported in the Table 1.
levels were analysed spectrophotometrically.

The calcium and phosphorus

Amino acid analysis was done with

the assistance of Dr. T. Kurose of Japan, using JLC-AH, Nihon Denshi (JEOL)

automatic amino acid analyser.

Tapre 1.

Constiitienls
Moisture
Ether Fxlract
Crude Protein
Crude Fibre
Ash

Nitrogen free extract

CaCO,

2.4. VFecding Trials

Fish meal (%))

Chemical composition of Silkworm Pupae and

Silkworm Pupae Fish meal

8.50 17.40
19.47 277

63.30 40.10
310 280
4.50 35.90
i.13 1.03
2.03 -

0.545 —

Three feeding trials, viz. 1, I and I were conducted using broiler starters. finishers

and layers, respectively.

The experimental rations were balanced to carry nutrients

according to the recommendations of the National Research Council of USA.? These
rations were compared with the control rations in each trial (Table 3), containing
local fish meal as the main source of animal proicin.
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2.5. Feeding Trial 1

Experiment 1, consisting of six treatments, was designed to test SWP in broiler
starter rations (Table 2). The first four dicts were formulated to be ise-caloric and
iso-nitrogenous. The control ration (1) carried 15% local fish meal. The experi-
mental rations 2 and 3 carried 109 and 1279, SWP, respectively. SWP was the only
source of animal protein in the diet 3. Ration 4 was the same as Ration 3 except
that the former carried 60 grams (2 ounces) of lysine per 50 kg of the ration. Rations
5 and 6 were formulated to determine the possible presence of an unidentified growth
factor in SWP. Ration 5 was balanced above the recommended nutrient require-
ments [or starter chicks. Ration 6 was made by mixing 100 parts of Ration 5 and 5
parts of SWP.

The above rations were fed in mash lform to one week old, Cornish x White Rock
broiler starter chicks for a period of five weeks. Every treatment was replicated
twice and carried 10 chicks in each. The replicates were arraiiged in a randomized
block design. All chick groups were equaiized for weight initially and were raised
in a Multiplo Battery Brooder during the entire cxperimental period. Feed and
water were provided ad libitum. Observations were made on weekly weight gains
(G) and [eed consumption (F). From the data thus obtained, the average of the

_ F £
weekly feed efficiency (——) was calculated. oY
G & .
-:7 {;"
TasLE 2. Amino acids in protein extracted from Silkworm Pusae. L &
., L S O €
Mlass .,c' ,\K h
Aming  Acid e — C w
2/100g protein & e
iy PRI : i o I &8
1. Alanine 3.89 ‘:\ {,._‘5 w3 B
2. Argimine 4.62% c} ) e
3. Aspartic acid 8.65 g% el o
4. Cystine 0.35 ok ‘.?;' = <
5. Glutamic acid B.65* S8 o~
6. Glycine 3.46% i
7. Histdine 2.25
8. Isoleucine 2 5 iy
9. Leucine 6.02%
10. Lysine 5.31%
11. Methionine 1.75%
12.  Phenylalanine 4.25%
13. Proline 1.60*
14. Serine 3.68
15. Threoning 3.H3*
16. Tyrosine 4.80
17. W¥aline 4.59*
18. Ammonia 1.35
Total Recovery 73.29

*Amino acids essential for chicken.
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2.6. Feeding Trial 2

Experiment Il included four treatments and was designed to test SWP in broiler
finisher rations (Table 2). The control ration (1) carrving local fish meal at 109
level wus compared with Rations 2, 3, and 4, carrying 5%, 7.5%, and 10% SWP
respectively.

The above rations were fed to six weeks old Cornish » White Rock, broiler
finisher chicks for a period of five weeks. The experimental design followed in this
experiment was similar to that of Experiment 1. Here the birds were housed in
colony cages during the entire experimental period.  Wesekly weight gains and feed
consumption were recorded, Feed efliciency was calculated from the data thus
obtained. At the conclusion of the experiment, 3 birds from each replicatc were
slaughtered and dressed io estimate the carcass recovery percentage.

2.7. Feeding Trial 3

Experiment LI was designed to test SWP in layer rations and to study its effects on
egg production, egg weight, egg quality, shell thickness, cgg palatability, fertility,
hatchability, weight and percentage of normal chicks at hatching time and their sex
ratio. This experiment consisted of two treatments. The Treatment 1 which was
the control ration carried 10% local fish meal and the Treatment 2 which was the
test ration 7.5% SWP. without any fish meal (Table 2). The treatments were
replicated twice and each replicate carried eight, one year old White Leghorn hens
which were housed in individual battery cages. The hene were artificially inseminated
twice a week, using pooled semen collected from cock birds maintained on a commer-
cial die®. The experiment was conducted over a period of six weeks. During this
period egg production and individual egg weight were recorded daily and the feed
consumption on a weekly basis. Feed efficency was then calculated to express the
amount of feed consumed per dozen eggs produced. Except during the first week of
the experimental period. shell thickness and albumen height were measured in six eggs
taken at random from each replicate, cvery week. Using egg weight and albumen
height, Haugh Index was calculated as a measure of internal quality of eggs, In
order to find out any differences in palatability, flavour and odour, a representative
number of eggs from both treatments were hard-boiled, halved and served to a taste
panel. Eggs were hatched weekly after the first week from the commencement of
the trial and for five weeks. Candling of incubated eggs was carried out every 7th
and 14th day of each incubation and fertility was calculated :

; i Number of fertile eggs > 100
% Fertility = ————— -
i + Number of eggs set
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At the end of each incubation, the number of chicks hatched out was estimated to
calculate the hatchability =

Number_o!" chicks hatched_\<__ 100
Number of fertile cggs

The percentage of normal chicks at hatching time was also recorded. The chicks
were sexed by the vent sexing method and the sex ratio for each treatment was
recorded.

3. Results
3.1. Chemical Analysis

Table 1 presents the proximate analysis of SWP and fish meal. The amino acid
composition of SWP is given in Table 2. SWP was higher in dry matiter, protein and
fat content when compared to the locally produced fish meal, but relatively low in
total ash and in calcium and phosphorus.

3.2. Feeding Trial 1

The total and weekly weight gains, total feed consumption and the average feed
efficiency of Experiment I are given in Table 4. Here the weekly as well as the total
weight gains of chicks on Ration 6 were superior to those on all other rations through-
out the entire experimental period. (P — 0.01). Rations 3 and 4 were not signi-
ficantly different from the contrel. Also the Rations 2. 3, 4, and 5 were not signifi-
cantly different from each other.

TaBLE 4. Waight gains, [ted consumption, and feed efficiency of
Experiment 1

Treatments \ 'I-'o;[al L . Total Average
Weight Gams  Consumplion Feed
(g) () Efficiency
Control 1 1071.00 4323.5 4.00
2 2050.50 53794 2.35
3 1484.75 4024.7 3.05
4 1561.75 4553.2 2.85
5 1960.25 49849 2.67
6 3776.50 7772.9 222
Least 5% 808.02 1585.15 0.81
Significant
Dallerence J 1% 1223.57 2400.37 1.24
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Feed consumption of birds on Ration 6 was significantly superior to those on
Ration 2 at ( P = 0.05) level and to all other groups at ( P = 0.01 ). There were
no significant differences among Rations 1 to 3.

Ration 6 had the highest feed efficiency. The feed efficiency of Rations 2 to 5 were
significantly ( P — 0.05) superior 1o the control, but there was no significant
differenice between them.

3.3. Feeding Trial 2

In Experiment II, Rations 2, 3 and 4 were significantly ( P = 0.05 ) superior to the
control in terms of total weight gains, feed consumption and average feed efficiency
for the entire experimental period (Table 5). Rations 3 and 4 did not differ signi-
ficantly in both weight gains and feed consumpticn. Feed efliciency of birds on Rations
2 and 3 and birds on Rations 3 and 4 did not differ significantly. Ration 2 however
was significantly ( P = 0.05 ) superior to Ration 4 in feed efficiency. Carcass
recovery perceniages have been increased with the increase in the SWP in rations,
except for the Treatment 2. Ration 4 containing 10% SWP gave the highest
increase in recovery percentage. which was superior to the rest of the rations at a
staiistical significance of 1% level,

TABLE 5. Woeight gains, feed consumption end feed efficiency ard carcass
recovery percentages—Experiment Ii.

Total Weight Total Feed Average Carcass '
Treatmerts Gain (g} Consumption Feed Recovery
(1) Efficiency percentages
Conltrol 1 3773.00 13,588 13.97 6880
2 5096.00 15,442 280 67.55
3 5796.00 17.976 3.03 69.75
4 5936.00 18.452 313 T0.85
5 ks o Lae.
6 o, ) o =
Least 50 187.57 1581,60 0.153 1.56
significant »
Difference J 1% 310.27 2617,03 0.253 2.58

3.4. Feeding Trial 3

In Experiment I, differences were observed between the control and the test ration,
in terms of total egg production, feed consumption, feed efficiency. average egg weight
and egg quality. and shell thickness (Table 6). On the other hand most of the
measurements of character associated with reproductive performance, obtained for
the test ration were significantly superior to those on the control ration (Table 7).
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Significant ( P = 0.05 ) differcnces were seen in pesrcentage hatchability and in
average weight of chick ot hatching time. There were no significant differences in
percentage fertility and percentage normal chicks at hatching fime. Assuming a
null hypothesis of 1 : I, the “Chi-Square™ test was applied on the total number cf
male and female chicks obtained for cach treatment. The deviation obscrved in the
control ration did not differ significantly from the expected values. Howcever the
deviation observed in the test ration dilfered significantly ( P = 0.01 ) from the
expected values. The sex ratio in chicks was altered favourably by the inclusion of
SWP in a layers ration, with an increase in the number of female chicks over the
number of males.

TapLe 6. Effects of SWP on the perfermance of laying hens, during 6 weeks of
experimental paiiod.

Teial epg Totel find Feed Average Ege Shell
Treatment prodiciion consunmption  Efficiency  egg weight qualiiy Thickness
(M) (ko) for u dozen (ke) (Haugh  (x 0.0025cm)
i egas Units)
Control I 156 31.38 2.76 58.83 86.88 0.034
11 173 3364 241 57.4 86.19 0.032

Statistically not sigr ificant.

TaBle 7. Effccts of SWP on hatchability, fertility, hatch weight, vigour and sex ratio at
hatching time.

Prtien Average -A\-'c_r_agc Vigour at Hatch weight  Sex Ratio :
" hatchabatity feritlity  hatching time of chickens  pfal:  Female
Control [ 65.63 84.7 8A.80 44.05 48+ 52+
1T 78.57 85.7 94.G7 40.92 64* 36*
Least 5% 9.80 237
Significant
Daflerence | 1%, 22.62 5.46

* Statistically significant
+ Statistically not significant.

4. Discussion

The results of Experiment I suggest that local fish meal could be successfully replaced
by SWP upto 129 level. Weight gains of birds on Ration 2 over those on the
control were superior by about 48%/. This was probably due to the higher biological
value of the mixture of proteins in Ration 2 which contained both SWP and skim
milk powder. Lack of significant differences between Rations 3 and 4 shows that
lysine supplementation of SWP containing rations when the SWP is used as the only
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source of animal protein, is not essential. The lack of significant differences between
Rations 3 and 4 and between the control ration indicates that SWP could successfully
replace fish meal and skim milk powder in chick ration. This finding is strengthened
by the fact that the nutritive value of SWP protein when compared with casein is
1347,.% The extremely superior weight gains, feed consumption and feed efficiency
of birds on Ration 6 over those on Ration 5 during vhe entire experimental period,
resulting in an increase in total weight gains by about 48%, indicates very clearly
that there is an unidentificd growth factor for chicks in SWP.

Resulis of Experiment 1I point out that SWP could successfully replace local meal
in broiler finisher rations either in combination with skim milk powder or when used
as the only source of animal protein. The superior performance of birds on Ration 2
over those on Ration 4 confirms the complementary combining effect of SWP and
skim milk powder, which was observed in Experiment T.

In Experiment 1, the absence of significant differences in egg production, egg
weight, egg quality may be because of the fact that SWP when used at 7.5% level
in the tlest ration supplied adequate amounis of amino acids and protein equivalent
to the 1097 local fish meal plus 29 skim milk powder. However, Sakia et gl.5 report
that inclusion of SWP in laver rations improved feed efficiency and egg weight,
and reduced mortality and increased cpg laying.” The maintenance of adequate
levels of calcium in SWP containing ration is the reason for the lack of significant
differences in the shell thickness. The pariicipants of the taste pancl were unable
to detect any differences in flavour, odour or palatability in eggs from the two treat-
ments. Similar results have been reported by Habe ef ¢! and Yoshimura,? It is
likely that the influence of SWP on the flavour, odour and palatability of animal
products depend on the level of inclusion of this material in rations, The improve-
ment of reproduction performance in birds fed on SWP containing diets have also
been reported by Yoshimura.,” These findings were evident in the present investi-
gation in which the inclusion of SWP in a layers ration improved hatchability, average
weight of chick at hatching time and femininity in chicks hatched out.

5. Conclusions

The results of the three trials undertaken in this investigation to test the feasibility
of using SWP in poultry rations indicate that it can be used in place of local fish
meal, as a source of animal protein in chick starter, broiler finisher and layer rations,
A higher level of calcium and phosphorus needs to be maintained in rations carrying
SWP. In view of the improvement in reproductive performance observed in this
study and in studies carried out elsewhere, it would be particularly useful to include
SWP in breeders rations. In order to enable poultry farmers to use this material as a
protein supplement in feeds, the price of SWP needs to be more realistic than at
present.

2—16059
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Abstraet : Two studies, namely a barn study and a feld study were carried out to
acquire knowlzdge on the behaviovr of exotic dairy cattle in the mid-country of Sri
Lanka. Observations on behaviour patterns were carried out with six milking cows,
two from each btreed: Fresian, Ayrshire and Jersey, at the Experimental Dairy Unit of
the Department of Animal Husbandry, Universily of Sri Lanka. Peradeniva Campus.
The average time spent in zero-grazing intl e barn and free-grazing in the ficld was
8.80 h and 9.55 h per day, respectively. The corresponding grazing to rumination
ratios (G;/R) were 1.47 and 1.34.  These valuss were higher than those reported from
temperate regions and may bg attributed to inirinsic differences between temperate and
local forages. Both studics indicated that the greater proportion ol effective grazing
was accomplished during daylight hours. However, under both systems of management
there appeared to be a major consumption peak of about one hour’s duration, during the
night. It scems essential, on the basis of these observations, that exotic dairy cattle
the mid-country of Sri Lanka be given maximum daytime on pasture. If zero grazed,
grass should be offered at least in three feeds, corresponding to the major periods of
consumption. Since about 309 of the grazing or zero grazing occurred between 6.00
p.m. and 6.00 a.m., it 15 also suggested that cattle be enclosed at night where they could
do a reasonable amount of grazing or be provided with adequate cut fodder at night in
order to ensure maximum production.

1. Intreduction

Adequate information is available on the grazing behaviour of cattle in the temperate
regions. However, only few such studies have been made under tropical conditions
specially with temperate breeds of cattle.

Evidence from literature indicate that in warm weather animals graze at night for
long periods. Wallace and Kennedy'® reported that night grazing accounted for 40 %,
of total grazing time of beef cattle during the summer months in New York State.
Day temperatures of 80°F to 95°F in Louisiana resulted in a complete reversal of
temperate climatic pattern of grazing ; over 709, of the total grazing time of 7.2
hours being done at night.’* Even with day temperatures in the range of 72°F to 82°F,
Friesian cows in Fiji did 67 % of their grazing at night,'® suggesting that the grazing
habits of cattle in the tropics were radically different from those in temperate zones.
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In Sri Lanka, only a few studies of this nature have been undertaken. At thg
Coconut Research Institute, Gunasckera® made observations on the time spent in
grazing by indigenous Sinhala Cattle tethered to ccconut palms. He observed that
on an average these cows grazed 10.3 hours and that the bulk of the grazing occurred
during the hottest part of the day. At the Dry Zone Agricultural Research Station,
Fernando and Sivalingam®* made two studies on the grazing habits of Zebu cattle.
They found that Sahiwal heifers grazed mostly during daylight hours, while the
nights were mainly devoted to rest. They suggested that the condition of the pasture
was a major factor which influenced grazing habits of cattle.

Several investigations have been reported where behavioural studies have been
successfully used in soiving grazing management problems. Hughes and Harker!?
showed how behavioural studies can be used to improve animal weighing methods,
when cattle are at grazing, In Sri Lanka, there is little information available on the
precise management practices that should be adopted in order to gain the maximum
benefit from our established pasture. At a time such as this when a tremendous
emphasis is being placed on dairy farming, specially in the mid-country of Sri Lanka
where diversification of marginal tea lands are being considered, it would be most
appropriate to gather precise information on grazing habits of catile, in order that
maximum benefit can be achieved from grassland management.

The main objective of the present investigation was therefore to gain knowledge
on the grazing habits of three exotic dairy breeds (Holstein-Friesian, Ayrshire and
Jersey) in the mid-country of Sri Lanka and to make tentative recommendations for
maximizing yields through improved grazing management practices. The investi-
gations which included a barn study (zero-grazed) and a ficld study (free-grazed)
was conducted at the Experimental Dairy Unit of the Department of Animal Hus-
bandry, University of Sri Lanka, Peradeniya Campus,

2. Experimental
Two studies were undertaken :
(@) Study I — A barn study where zero-grazing was practised.

(6) Study Il — A field study where free-grazing was practised.

2.1. Animals

Both studies were undertaken with six milking cows from the exotic breeds (2 of each)
Friesian, Ayrshire and Jersey. They were familiar to being handled both in the
barn and in the field without causing any disturbance.
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2.2. Herbage

For Study I, animals were given ad libitum good quality Pusa Giant Napier fodder
in feed troughs in weighed quantities of 18 to 20 kg. Feed refusals by individual
animals were recorded every 24 hours.

Study TI was conducted in a 1 acre paddock of Brachiaria brizantha (Hoscher)
stapf. fertilized with urea at the rate of 336 kg nitrogen per hectare per vear, one
month prior to the commencement of the experiment.

2.3, Weather

Since boch trials fell within the Maha Season (North-East Monsoon), climatic condi-
tions were much similar, except for the slightly heavier rain during the barn study.

A record of hourly meteorological data are given in Appendix Table 1. Rainfall
data for the 48 hour period were obtained from the Ceniral Agricultural Research
Institute, Peradeniya, located about 16 km from the experimental site.

2.4. Housing

Study I—Animals were housed in a half brick-walled, asbestos roofed and well
ventilated barn having a row of tie points on either side of a middle passage. Animals
were kept tied with chains which were well adjusted to allow comfortable movement.

Study II—The 0.4 ha paddock (70 yds x 70 yds) in which the animals grazed
during the field study, had a tree by the fence on one side which provided shade to
the animals. A shed constructed at the centre of the paddock was used for making
observations,

2.5. Milking

During both studies animals were milked by hand at the milking parlour located in
the barn, which was about 450 m away from the paddock used,for Study 1I. Milking
was done at 6.00 a.m. and 2.00 p.m.

2.6, Water and feed supplements

The amounts of concentrates (‘Morlac’ by B.C.C. Ltd.) given to the cows varied
according to the milk yield. During both studies, the appropriate quantity of concen-
trates were given at the time of milking, in two equal feeds. All cows were provided
with adequate mineral mixture which was fed along with the concentrates.

All animals had access to drinking water. The quantity of water consumed by all
six animals was measured during both studies.
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2.7. Observation techniques

Observations were made for a period of 48 hours in both studies. The activities of
each animal were recorded continuously at 5 minute intervals. During Study T,
a pressure lamp was used to facilitate observations in the night. Tn addition to a
pressure lamp in the observation shed, a flashlight was also used in the night during
the field study.

The activities of the animals were classified into :

1. Grazing or zero-grazing—time spent consuming pasture grass in the field
or cut herbage in the barn. '

2. Concentrate feeding—t{ime spent eating concentrates.
3. Ruminating—time spent ruminating, both while standing and lying down.
4. ldling—time spent without any activity, both while standing and lying down.

5. Milking—time spent on milking. (Time spent waiting at the gathering yard
during Study I and time spent in walking to and from the milking parlour
during Study il. were also included under this activity.)

During both studics, the frequency of defaccations and urinations, and the total
weight of dung voided by three labelled animals in Study T and one labelled animal
in Study II, were also recorded.

The distance walked by one particular animal during the 48 hour period in Study TT
was measured using the technique of Hancock.” :

The total quantity of water used for bathing cows and washing the barn was also
measured.

A sample taken from herbage and concentrate offered and the faeces voided,
were analysed for dry matter, ash, crude protein, crude fibre and calcium by conven-
tional methods,

3. Results
The mean chemical composition of feed and facces for both studies is given in Table I.

3.1. Behaviour Observations

The time spent in various activities by cattle during the 48 hour period for both
barn and field studies is presented in Table 2. 1n the barn, animals spent an average
of 8.80 hours/day (range 7.78 h to 9.92h) zero-grazing, while in the field the average
time occupied in grazing was 9.55 h/day (range 8.33 h to 10.83h). There was a
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marked difference between the ruminating time in the field (7.12 h/day) and the
ruminating time in the barn (6.00 h/day). Animals were found to idle more when in
the barn than when in the field. However, the total time spent lying down was similar
under both conditions (Table 2).

Taste 1. Average Chemical Composition of feed and faeces

Dry m atter Crude protcul_ 3 Crudc fibre  Ash -_ Caleium
L ( ,{. in dry matter}
Stupy [
Fodder 17.83 15.37 29.07 12.29 —
Concentrate 89.63 21.77 == — —
Faeces 16.12 9.88 — — 0.879
Srupy I
Grass 17.90 13.63 22.16 12.27 —
(at commencement of
experiment)
Grass : 18.16 10.74 24.92 11.86 —
(at the end of experiment)
Faeces 14.46 7.28 — 20.83 1.32

TapLe 2. Time spent per animal in various activities (minutes)

2 _Barn Study - Field Study
Activity Day1 Day2 Mean Dayl Day2  Mean
Grazing or zero grazing 537 519 528 559 587 573
Concentrate feeding 2 3 2 — e —
Ruminating 315 404 360 428 426 427
Idling 514 403 459 283 272 277
Milking 72 111 91 170 155 163
ToTaL 1440 1440 1440 1440 1440 1440
Times spent lying down 98 439 537 74 429 503
Ratio of grazing/ruminating
G/R) 1.7048 1.2847 1.4667 1.3061 1.3779 1.3419
Number of dungings 17.5 16.0 16.8 6.3 9.8 8.1
Number of urinations 20.3 232 22.0 50 17.2 6.1
Quantity of fresh faeces
voided (kg) 19.7 18.8 19.3 7.3 §.2 7.7
Quantity of faeces
voided,/defaccation (kg) 1.03 1.20 1.11 [.21 1.02 1.10
Distance walked {(metres) i — — 1897 1586 ]T41

The average time spent per animal in various activities during day and night is
shown in Table 3.  Since it was difficult to observe the exact time of sunrise and
sunset during both studies because of the cloudy weather, time of sunme and sunset
were arbitrarily fixed at 6.00 a.m. and 6.00 p.m. respectively. -
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TasLe 3. Average time spent per animal In various activities during day and night (minutes).

St Barn Study Field Study
Aoy Day Night e Night
Grazing or zero grazing 389 139 357 216
Ruminating 67 293 146 281
1dling 171 288 54 223
Time spent lving down 98 439 74 429
Ratio of grazing/ruminating (G/R) 5.8050 0.4744 2.4452 0.7687
Number of dungings 9.2 7.6 5.6 2.5
Number of urinations 13.6 8.4 3.5 2.6
Quantity of fresh facces voided (kg) 0.98 9.53 5.44 2.27
Quantity of faeces voided/
defaecation (kg) 1.10 1.12 1.21 0.91
Distance walked (mstres) — — 1139 602

On this basis uader both systems of management over 609/ of the total grazing
was during the day. Night grazing ranged between 309 to 409%,. On the contrary,
animals spent more time ruminating during the night ; 819 and 66 % of the total
ruminating time for barn and ficld study respectively, was during the night, How-
ever, the total time spent on rumination was comparatively higher under free-grazing
than under zerc-grazing conditions. The pattern and the time spent lying down,
both during day and night, appeared to be similar under the two systems of manage-
ment (Figure 1). E

o ;

o S Ful
=
60 I
& 12 Lying down
Oy
Standing
él; aot
60 1 1 - i
6 12 6 12 é
Figure 1. The pattern and time spent lying down during day and night.
A. Barmn Study. B. Field Study.
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The pattern of zero-grazing and free-grazing habits are shown in Figure 2. There
were three major periods of consumption of grass for both barn and field study.
Although the forage consumption pattern during the day was similar under both
conditions, it differed during the night. The peak night grazing when in the field was
around 10.00 p.m., while in the barn this appeared to be around 1.00 a.m.

bo -~
2720
/:@M 7 :
bg
: MM 11 .
: a6 L Ihira Ruminating
4 hika - Milking
QM
thA
§M I mTI l :
é.
Idling
z
= Grazing
i _
ol {iiim |
& &

Figure 2. Periodicity of grazing Labits urder the two systems of
management.
A, Bam Study.
B. Ficld Study.

Although there was a significant difference between individuals in the time spent
grazing, ruminating and idling, no breed differences were observed in these activities.

3.1.1. Elimination behaviour : The number of defaecations/cow per day appeared
to be more under zero-grazing conditions (16.8) than under free-grazing (8.1) condi-
tions. The amount of fresh facces voided per animal per day under zero-grazing
was 19.3 kg compared to 7.7 kg under free-grazing. However, the average weight
of faeces voided at each dunging was similar under both conditions (Table 2).

3.1.2 Voluntary intake and rate of intake (R.L) of herbage dry matter in barn study:
The daily herbage dry matter intake per cow in the barn study was 12.15 kgor3.2%,
of the body weight. However, the rate of intake (R.L) of herbage dry matter appeared
to decrease as grazing advanced on to the second day (Table 4).

316059
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TapLe 4. Dry matter intake and rate of dry matter intake in barn study

Live Intake of hcrb;g; DM Rate of iﬁfakc (_R,[-) ]
Cow Weght (kg) (kg/100 minutes)
No. (ke) Ist day 2nd day Average 1st day 2nd day Average
1 284.8 3.84 9.39 9.62 1.95 1.69 1.81
2 388.7 11.48 11.16 11.34 2.61 212 2.34
3 422.3 14.79 11.57  13.20 2.98 2.18 2.57
4 442.3 14.70 13.97 14.38 3.67 291 326
5 366.5 13.79 12.61 13.25 2.56 2.06 2.30
6 357.9 10.16 11.20  10.75 2.04 2.16 2.10
Average/cow 12.15 2.40

3.1.3.  Consumption of water in the field study : All animals showed a tendency to
drink water more frequently during the late mornings and evenings than during early
mornings and night. The average quantity of water consumed in the field was 15.4
kg/day and the average number of drinks/day was 2.8.

3.1.4. Distance walked : The average distance walked per day by the labelled
animal, as measured by the technique of Hancock® was 1.7 km. The relationship
between the distance travelled and the grazing pattern for the cobserved animal is
shown in Figure 3.

The total amount of water spent for bathing cows and washing stalls averaged 182
litres/cow/day.

Il mL[mﬂ
12 '

164 Grazing

MIN

g

6 12 é 12 6
Figure 3. Relationship between distance travelled and grazing pattern
in the fizld study.
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4. Discussicn

Judging solely from its crude protein content, the pasture consumed in these studies
was of relatively good quality (Table 1). Nevertheless, animals exhibited noticeable
selectivity while grazing as shown by the longer time spent on grazing,

The time spent grazing in the field (9.55 h/day) was in good agreement with the
findings of Goldson,* who reported that grade dairy cattle grazed for 9.6 h per day
on pasture under tropical conditions. However, this grazing period appeared to be
much longer than what available evidence from temperate regions indicates. Mugerwa
et al.!? also suggested that dairy cattle on East African pasture grazed for a much
longer time than the evidence accruing from the temperate regions. As reported by
Castle et al.'.? the quality of pasture would have influenced the duration of grazing.
When on good quality pasture animals have been found to graze for a shert period
and as the pasture deteriorates in quality and quantity, the duration of grazing
activity is increased.’!?

If the contention that a certain level of reticulo-rumen fill must be reached before
the animals start the process of rumination and that the speed with which this level is
attained depends upon among other things. on the rate of herbage consumption
which, in turnis influenced by the herbage quality and the degres of selectivity, then
the grazing to rumination ratio {(G/R) shouid be an important parameter that would
reflect herbage acceptability by the animal. The grazing to rumination ratio reported
by Hughes and Reid" and Castle et a/.! for cattle in temperate regions range from
0.56to 1.0. Those observed in East Alfrican pastures (or temperate cattie varied from
1.2 to nearly 2.0.7> The present study also indicates that the grazing to rumination
ratio for temperate cactle in the mid-country of Sri Lanka is similar to that of tempe-
rate cattle in East African pastures. The ratio of 1.47 for a zero-grazing system and
1.34 for a [reg-grazing sysiem therefore reflects the intrinsic diflerences between
temperate and lecal forages.

Total rumination time is closely associated with the total food intake.® Therefore,
a higher grazing to rumination ratio in the barn study would suggest a low pasture
dry matter intake by the animals. However, the drv matter consumption by the
animals in the barn study was according to expectations, It is, therefore, possible
that the grazing animals had a higher dry matter intake than those in the barn,

There was a significant difference in grazing activity between individual cows in
the field study. However, no significant difference was found in the zero-grazing
activity among cows in the barn study. All animals zero-grazed sjm_ultaneously
for 6.29 h (71.8% of the total zero-grazing time), while in the pasture, simultaneous
grazing occurred only for 4.04 h (42.3 9% of the total grazing time), suggesting a greater
tendency for group activity when housed in a barn,
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As a result of less time being spent on grazing, rumination and milking, animals in
the barn showed more idling time than those in the field. This coupled with the
higher lying down time indicate that the animals in the barn were able to obtain their
feed requirements with a smaller expenditure of energy in comparison to those
grazing in the field. Thus, the zero-grazing system of management can be considered
a more eflicient method of obtaining maximum benefit out of the pasture.

There appeared to be highly significant correlations betweer voluntary dry matter
intake and body weight and rate of dry matter intake and body weight (P = 0.05),
suggesting that both rate of intake and voluntary intake of dry matter are closely
related to body weight (Figure 4).
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Figure 4. Relaticnship between rate of dry matter intake and body
weight and voluntary dry matter intake and body weight.
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The distance walked by a cow during 24 h period appeared to be about half of
that reported by Hancock” and Castle! As suggested by Hancoek? it is rather
difficult to interpret the factors that may influence walking because of their very
number and diversity. However, it is known that grass of poor palatability increases
the distance walked by animals. When interpreted this way, it appears that the
pasture, animals had access to, was of a high quality. This could also be substantiated
by the relatively high crude protein and the low crude fibre content of the Brachiaria
pasture that was grazed.

The general pattern of activities of dairy cattle at pasture as observed in the mid-
country of Sri Lanka seems to be similar to those of temperate areas. However, the
absolute duration of grazing was much more protracted than in the temperate region.

In the present study, the exotic dairy cattle grazed 537 minutes (39.8%;) out of 24
hours.

The observation regarding day and night activities made in these studies are in
agreement with studies of similar nature carried out in many tropical climates.
Both studies indicated that the greater proportion of effective grazing is accomplished
during daylight hours. The figures varying between 609, to 709, reported here
arc comparable with those of Goldson’s 5 679 and Mugerwa’s 12 609, for grade
dairy cattle in Africa. 1In contrast to the daytime grazing habit, animals under both
conditions of management spent most of the night ruminating, suggesting that day-
time grazing caused a sufficient rumen-fill to initiate the process of rumination.

In conclusion, it can be tentatively suggested that dairy management systems and
practices in the mid-country of Sri Lanka must ensure that animals are allowed the
maximum possible time to free-graze or zero-graze during daylight hours, especially
when herbage is of marginal quality. But from the point of view of altaining maxi-
mum dry matter intake it is also important to provide sufficient feed or allow an imals
to graze for a short period (about one hour) during the night since there appears to

be at least one peak of grazing during the night for both barn as well as field systems
of management.

On the basis of these observations, it seems essential that morning milking be
accomplished as early as possible and afternoon milking be completed within the
shortest possible time, so as to allow the animals maximum possible daylength for
grazing or zero-grazing.
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Appendix Table 1—Weather Data

. Barn  Study ) I"ic[a Study
Time (h) Dry bulb -l-zclaiivc Time (h) Dry bulb  Relative
Temperature Humidity Temperature Humidity
% % 5! 7
6.00 a.m. 21.5 §9 6.00 a.m. 20.8 94
7.00 220 95 7.00 21:5 90
8.00 22.8 92 8.00 21.8 89
9.00 24.0 81 9.00 20.8 88
1600 26.5 70 10.00 21.5 86
11.00 27.0 63 11.00 21.8 85
12.00 275 a3 12.00 214 89
1.00 27.5 63 1.00 20.9 89
2.00 27.0 66 2.00 20.9 §9
3.00 2.5 63 3.00 21.0 87
4.00 28.0 63 4.00 20.7 86
5.00 250 0.5 5.00 205 88
6.00 p.m 24.0 &1 6.00 p.m. 20.2 88
7.00 24.0 81 7.00 20.0 90
8.00 23.0 83 8.00 20.1 87
9.00 23.0 85 9.00 204 83
10.60 23.0 85 10.00 204 88
11.00 22.5 85 11.00 204 86
12.00 225 90 12.00 20.4 85
1.00 21.5 93 1.00 20.3 87
2.00 215 93 2.00 20.3 89
3.00 218 97 3.00 203 92
4.0 21.8 85 4.00 20.5 89
5.00 21.5 S8 5.00 19.8 94
6.00 a.m. 21.5 a8 6.00 a.m. 19.8 G4
Ramnfall—80.4 mm/48 h Rainfall ~43.6 mm/48 h
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Abstract : At present processing of cashew-nuts in Sri Lanka is done at a cottage level
using traditional methods. The quality of the kernels so produced shows considerable
variations in degree of ‘‘completeness’” and colour. Further, the liquid present in
the cashew shells which consists of phenols and known commercially as a versatile
industrial raw material, is not recovered. Production of cashew-nuts in Sri Lanka is
expected to show a five-fold increase within the next few years. Therefore, a study
has been undertaken to investigate processing of cashew-nuts and production of
cashew-nut shell liquid on a commercial scale in Sri Lanka. It has been established
that using the “hot-oil-bath” method, cashew-nuts can be processed satisfactorily
and cashew-put shell liquid can be recovered efficiently with 185°C to 190°C as the
lemperature of processing. The time of processing can be either 13 minutes or
4 minutes.

1. Introduction

The cashew-nut is 2 to 4 cm long and kidney shaped. The shell of the nut is about
0.3 em thick, having a soft leathery outer skin and a thin hard inner skin. Between
these skins is a soft honeycomb structure containing a viscous reddish-brown liquid
known as Cashew-Nut Shell Liquid (CNSL). It is a phenolic material having an
irritating action on the human skin and gives natural protection against insects for
the white cashew kernel. The shell forms about 60 % to 70% of the raw cashew-nut
and CNSL is present to the extent of about 25% to 30% in the shell. CNSL is a
versatile industrial raw material with a wide range of useful commercial appli-
cations,

At present, Sri Lanka produces about 100 tons of cashew-nuts, This production
is expected to show a five-fold increase within the next few years. Hence it is of
extreme importance to initiate studies on the processing of nuts and production of
CNSL on a commercial scale. In this paper we report results of a laboratory scale
investigation on the commercial processing of cashew-nuts,
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2. Processing of Cashew-Nuts
2.1. Present Method of Processing of Cashew-Nuts in Sri Lanka.

In Sri Lanka, the extraction of the kernel from the shell of the cashew-nut is a manual
operation. The sun-dried or roasted nuts are cracked with a small hammer to
split the shell along the natural line of cleavage. The kernel is then carcfully removed
and slightly roasted to remove the testa and also to improve the taste. All these
operations are carried out traditionally by the womsn-folk,

This method, although satisfactory at the cottage level, cannot be applied to produce
cashew kernels on a commercial basis. The quality of the kernels in respect of the
degree of “completeness” and colour shows considerable variations.  Also, when
the nuts are roasted to make the shell brittle, CNSL is partly destroyed and the
remaining liquid undergoes certain chemical changes (polymerization).

2.2. The “Hot-Oil-Bath'’ Method

The “hot-oil-bath” method is the most common commercial way of processing the
nuts and extracting CNSL partially. Here the raw nuts are roasted in a bath of
CNSL maintained at 185°C to 190°C, the time of contact of the nuts with the liquid
being a few minutes. The shell of the nut gets brittle due to partial release of CNSL
into the liquid bath. The temperature of the bath should be maintained at 185°C to
190°C. If it is below this range, the process tends to be ineflicient and at higher
temperatures considerable damage to the liguid and to the kernel takes place. The
nuts so processed are wiped off of any CNSL adhering to the surface using sawdust
or ashes and then cracked using & small hammer to extract the kernel. The quality of
the kernels depends much on observing the proper temperature of the CNSL bath
(185°C to 190°C), optimum time of contact of the nuts with the liquid and on the
skill of labour cracking the nuts.

3. An Experimental Study of the “Hot-Oil-Bath’’ Method
7
3.1. Experimental Procedure

Experiments on the “hot-oil-bath’”” method were carried out using facilities available
on the cashew plantation of the Cashew Corporation at Kondachchi in the Mannar
District. Processing of the raw nuts was affected by dipping the nuts placed in a
wire basket in a hot CNSL bath. The CNSL bath consists of a mild steel rectangular
tank, which is heated uvsing firewood. The liquid was stirred well during the operation
to ensure uniform heating and the temperature was recorded by means of athermo-
meter immersing deep into the liquid through an opening on a side-wall of the tank.
The heating was so manipulated to maintain the temperature of the bath between
185°C to 190°C. The time of retention of the nuts in the liquid was varied between
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1% minutes and 9 minutes. After each operation, the CNSL adhering to the basket
and the nuts was allowed to drain off into the main bath and then the nuts were
tumbled in ash to absorb the remaining liquid coating the outside of the shell. The
nuts were then cracked with a small hammer to extract the kernel,

3.2. Extraction of the residual CNSL

During processing of the nuts in the “hot-oil-bath™ a portion of CNSL is released
into the liquid bath. To extract the residual CNSL in the shells, after the kernel
has been removed from the processed nuts, the shells were subjected to a mechanical
extraction process. A hand operated screw-type expeller available at the Ceylon
Institute of Scientific and Industrial Research was used for this purpose. CNSL thus
obtained was filtered through a filter cloth to remove any solid matter and the shell-
residue was extracted with n-hexane to recover any residual liquid. The CNSL
content of the shells of the nuts processed at different retention times in the hot-oil-
bath was calculated and these CNSL samples were analysed, according to the Indian
Standards Specification for CNSL ; IS : 840—1964. CNSL content of the raw
(unprocessed) nuts was also determined, thus the amount of liquid extracted during
processing of the raw nuts could be calculated. The cashew kernels from the nuts
processed for different time intervals were examined for physical appearance and
taste.

3.3. Changes in the properties of CNSL on prolonged heating at 185°C to 190°C

It is well known that CNSL when heated to high temperatures undergoes certain
chemical changes, for example, polymerization. During the processing of cashew-
nuts in the hot-oil-bath, CNSL in the bath as well as the liquid that gets continuously
extracted into the bath are subjected to prolonged heating at 185°C to 190°C. For
the process to be cconomically feasible, the quality of CNSL in the bath should not
deteriorate below the accepted standard specifications, for otherwise it will not be
possible to market the liguid. Therefore proper consideration must be given to any
changes undergone by CNSL in the oil-bath during processing and a study was
undertaken to follow the changes in physical properties of a sample of CNSL on
prolohged heating at 185°C to 190°C, The sample was heated for three days, for a
period of six hours a day and the viscosity, iodine value and specific gravity were
determined after each day of heating.

34. fR&squs and observations

The results and observations of the experiments to process raw cashew-nuts in a
hot bath of CNSL are tabulated in Table 1.

4—160359

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

R. A. Rajapakse, P. A. Gunatillake and K. B. Wijekoon

120

— : : 18¢ — — — — yieq Swissazoxd
£'608 996°0 £18¢ b o e
)58} PIASBOL y 15 b PN N
I2A0;pAYdI005  TR'GSI FESH0 L'0TY 09 0l 01 Q o U,cmm 7 womm&ci
2)5¥) pajsroL : :
FE] ; ; I I senuiur 9 10} D6l
Wars/umolq ajed  TEPEL FESGO S9°0Zy s cl 1 R ﬁum%moﬂ
218R1 puUEB[q )
LI 0T ; " Si o1 e SO)IUIL 7 10} 1,061
Juesed[d/omys  OT'0CT 0TE60 £9lv or Bl e
258]
proe yds v gim 3 :
s 214 : 3 : ic 4 01 SHNUNL € 10) D061
alsel puB[qAiuAM.  ISFIT hse0 ¥oLP cl < o e
: ] : 3 € 00z sesnumu £ J0J D061
o1sE] PLIDESIOM.  £9°50] 0060 08y 8 £T 0¢ gl wuwmuwc._m
9)se] PLOBMMUM  6V'E6 SoF6’0 oeek 5 5T £l et SINU ey
o . =
o
o Sulfedye o7
seaooxd B 1w onpisor  Furjedxa
oIy 2yl ; D:0€ (poyiew  eg-Io-loy  TISND 94yl Jo uon uo /
b:“_. Bmwu _UME u\wnmmu Amho Jjo  oniee)d) sunnp [BIOL ~ -OBIX3JUSA[OS  POIORIXH pdweg
souvavadde ur ISND Aeid ISND Jo POIOBIIND 00 Paioelixg
[easAyd Jo Aysonstp oumadg  anjea sUIpol  TISND =

Jo uonoRig S[|oYs Yyl JO 1BIUOD TISND Yo

SOINP300IJ UOTPRTIXT JUSIRMIC AQ PAUIEIGO IUISY AOYSED PUB ISND U} Jo semuadold ATV

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

A Preliminary Study on Processing of Cashew-nuts 121

Table 2 coniains the results of an experiment to study the variations in the physical
properties of a sample of CNSL on prolonged heating at 185°C to 190°C,

Tape 2. Changes in the Physical Properties of a Sample of CNSL on Prolonged
Heating at 185°C to 190°C

No. of hours Iodine value Specific gravity Viscosity in
at 1B5°C to 190°C at 30°C CP at 30°C
0 392.5 0.9656 180.8
6 3784 0.9636 2295
12 3733 0.9670 397.1
18 380.1 0.9734 681.6

4. Discussion

It is evident from the results that CNSL from the shells of the nuts processed for
different intervals of time all satisfy the Indian Standard Specifications in respect of
iodine value (375), specific gravity (0.950 to 0.970 at 30°C) and viscosily (_’5.50 CP,
max.). Optimum colour and taste of the kernel can be achieved by processing for
3 to 4 minutes at 185°C to 190°C. When the nuts are processed for 3 minutes about
129 of the total CNSL gets extracted and when the processing time is 4 minutes
about 407, goes into the extraction bath.

After 3 minutes extraction in the hot-oil-bath, a further 45% of CNSL can be
extracted by subjecting the shells after decortication to mechanical expelling, The
solvent extraction process to recover the residual liquid is too expensive and is
commercially not viable. This means that only about 57% of the total CNSL is
extractable by combining the hot-oil-bath extraction with subsequent expelling of
the decorticated shells. Similarly, about 73% of the total CNSL can be extracted
when the raw nuts are processed for 4 minutes in the hot-oil-bath followed by expelling
the shel's. From the nuts that are processed for only 11 minutes, about 80 % of the
liquid can be extracted alone on expelling the shells. But the taste of kernels thus
obtained is unsatisfactory. The acrid taste can however be easily eliminated by a
post-roasting operation.

The results of the experiments outlined so far show that for optimum recovery of
CNSL and for good quelity kernels, the following processing times and temperatures
are feasible :

(a) at 185°C to 190°C for 14 minutes followed by roasting the extracted kernels
for a short period of time to improve the taste,

(b) at 185°C to 190°C for 4 minutes,
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In the case of (b) of the 73 9%, commercially extractable CNSL (not taking into
consideration the amount of solvent extracted CNSL) about 649, gets extracted in
the hot-oil-bath.

It can be seen from Table 2 that when a sample of CNSL is heated for 18 hours at
185°C to 190°C the values for viscosity and the specific gravity fail to satisfy the
Indian Standard Specification for CNSL. In this study, heating was not done
continuously for 18 hours but for periods of 6 hours a day for three days, a more
realistic condition in the commercial operation of the process.

This study indicates that the quality of CNSL in the processing bath after three
days (assuming a daily extraction period of six hours) will be below the accepted
specifications. Therefore if the liquid in the processing bath is used for three days
or more, then it will not be possible to market the CNSL as good quality oil. Since
the economy of the process depends both on the quality of the cashew kernels and
on the quality of CNSL produced it will be important to replace the liquid in the
bath with fresh liquid after two days of operation. After twelve hours at 185°C to
190°C, which is equivalent to two days of commercial processing with an extraction
period of six hours a day, the quality of the liquid satisfies the Indian Standard
Specifications. Analysis of a sample of CNSL from the processing oil-bath at
Kondachchi gave a very high value for viscosity (Table 1) indicating that the liquid
has been used for a long period of time.

4.1. A comparison between extraction of the raw nuts for 1} minutes and for 4 minutes

From Table 1 it is seen that when the nuts are processed for 11 minutes at 185°C to
190°C, the amount of CNSL expelled into the oil-bath is about 8%, and when they
are processed for 4 minutes 409, of the total available CNSL is extracted. Also,
while 80 % of the liquid can be extracted by expelling the shells after the hot-oil-bath
extraction for 11 minutes, only about 209 can be extracted the same way from the
shells after a 4 minutes extraction in the oil-bath. Thus renewal of CNSL in the
oil-bath after two continuous days processing will be an essential requirement in the
4 minute process. This means for successful operation of the plant on every third
day of operation there should be a fresh supply of CNSL from the expeller process
which is at least enough to fill the processing bath upto the minimum operational
level.

If the raw nuts are to be processed only for 14 minutes, then since a major portion
(807, of CNSL can be recovered by the expeller process, renewal of the liquid after
2 days of operation will not pose any problems. Even if the bath liquid is not
replaced and is used for a longer period of time (much more than two days) it will not
be economically very critical because of the 809 good quality CNSL recoverable
from ‘the expeller process.
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5. Conclusion

A laboratory scale study has been done on the processing of cashew-nuts and
production of cashew-nut shell liquid on a commercial basis. It has been established
that the raw nuts can be processed in a hot bath of CNSL either (@) at 185°C to 190°C
for 13 minutes followed by roasting of the kernels extracted to improve the flavour, or
{b) at 185°C to 190°C for 4 minutes, no further treatment of the kernels being necessary,

In the case of (a) about 807 of the total CNSL can be extracted by expelling the
shells of the processed nuts and in the case of (b) about 40 9 of CNSL being extracted
into the hot-oil-bath during the processing of the nuts. Renewal of the liquid in
the processing bath every three days is to be affected, this being essential if the nuts
are to be processed for 4 minutes.

Which of the conditions of operation outlined above is suitable will depend on the
cost of further processing of the kernels after the hot-oil-bath treatment in the case
of 1+ minutes extraction and heating the CNSL bath for an extra 2} minutes in the
case of the 4 minutes extraction. This cost comparison study has to be done at least
on a pilot plant scale,

For the domestic market the traditional processing methods adopted by small
holders to extract the cashew kernels appear to be satisfactory. The cashew-nut
shells from sun-dried and decorticated nuts can be expelled using a screw type expeller
toyield good quality CNSL (Table 3). The present availabllity of CNSL assuming that
all the shells from the processed nuts could be collected and expelled is about 125,000
kg of the liquid, Central processing factories will be an essential feature of the
Cashew Industry in Sri Lanka in the very near future when the cashew cultivation of
about 25,000 acres on a plantation basis goes into full production. A situation
where the cashew-nuts produced by the small holders will be for local consumption
and that produced on state or private plantations for export market can well be
anticipated. Cashew-nut shells from the smallholders as well as from the plantations
could be subjected to central processing (expelling) to obtain CNSL which can
partly be used locally and partly exported. At present, export prospects for cashew
kernels and CNSL are promising,

TasLe 3. Analysis of a Sample of CNSL obtained by Expelling shells from
Sun-Dried and Decorticated Cashew-Nuts

Property Sample Specification
(1) Specific gravity at 25°C 0.9650 0.950 — 0.965
(2) Viscosity at 25°C 1.60 1.5 — 35
(3) Volatile loss at 105°C 0.21 1% max.
(4) Iodine value at 25°C 307.4 250 min.
(5) Ashy, 1.50 1Y% max.
(6) Distillation test (3.00 mm/Hg) 1
Initial pt. (0°C) 135.0 190°C min.
Distillate below 205°C 2.7 3.0% max.
Total distillate 750 60.0% max.
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Abstract = Secds of winged bean and passion fruit irradiated with gamma rays at
dosages ranging from 10 Kr to 70 Kr and 15 Kr to 25 Kr respectively were germinated
in flats in a plant house. Winged bean which had a LDsy at 30 K to 40 Kr was more
telerant to gamma irradiations when compared to passion fruit which had a LDs, at
175 Kr to 20 Kr. Irradiations above 40 Kr and 20 Kr were detrimental to winged
bean and passion fruit respectively. All the seedlings of winged bean that germinated
survived, but in passion fruit there was seedling mortality which increased with irradia-
tion dosage.

1. Introduction

Winged bean Psophocarpus tetragonolobus (L) DC and passion fruit Passiffora edulis
Sims var. flavicarpa are two promising tropical horticultural crops of the vegetable
and fruit groups respectively, which have a potential for commercial expansion in
Sri Lanka, All known cultivars and strains of winged bean are climbing forms that
require staking or trellissing, two practices which increase the cost of materials and
labour. Flowering being acropetal, they give rise to fruits which mature at different
times, resulting in a staggered harvest. While these characteristics would be advan-
tageous in subsistence farming and home garden vegetable culture in developing
countries, they are disadvantageous for large-scale commercial farming. The need
to induce short ercct mutants that could be used to breed short age cultivars which
would flower and develop fruits uniformly is thercfore evident.

The vigorous vines of passion fruit, also require costly trellissing. Moreover,
since the fruit bearing part of a shoot is on the new growth, pruning has to be done
periodically to induce new shoot formation in order to easure continuity of production.
While pruning adds to the cost of production, the removal of vegetative growth
causes a setback and delays production after the first year. Short internode mutants
in passion fruit would enable a grower to increase the density of plants per hectare
and also reduce pruning costs without sacrificing the productivity of the plant,
thereby increasing the profitability from passion fruit plantings.

“*Present Address .— Laboratory of Environmental Biology, Obihiro Chikusan University,
Hokkaido, Japan. : s :
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The use of ionising radiations to induce dwarf mutants is well known. A prere=
quisite for their use is to evaluate radiation sensitivity in order to recognise a suitable
dosage range for mutation work which is reported in this paper.

2. Materials and Methods

In winged bean, two irradiation experiments were conducted. In the first study,
mixed samples of fresh seeds that were harvested from local cultivated strains were
irradiated with 10, 20, 30, 40, 50, 60 and 70 Kr of gamma rays in the Co 60 chamber
of the Central Agricultural Research Institute, Peradeniya. A sample of 40 seeds
was irradiated at each dosage. When the germination results of the first experiment
were known, a second experiment was conducted on seeds of the same batch using a
narrower dosage range of 15, 17.5, 20, 22.5, 25, 27.5 and 30 Kr. These seeds were
irradiated 25 days after the first one. In both experiments, germination was scored every
other day, Seedling height was measured weekly up to 3 weeks in the first experiment.

In passion fruit, freshly extracted seeds of a local selection were air dried in the
Jaboratory at 26°C and 100 seeds each were irradiated 5 days after extraction at 15;
17.5, 20, 22.5 and 25 Kr. Because passion fruit seeds are slow germinators when
compared with winged bean their germination was scored weekly.

The irradiated seeds of both species were sown 1 c¢cm deep in wooden flats filled
with a mixture of sterilised top soil and sand, at a spacing of 5 cm % 8 cm for winged
bean and S em X 2 cm for passion fruit. The flats were maintained in a plant house
having diffused sunlight throughout the experimental period. In passion fruit,
three classes of seedling vigour were scored on the basis of the time taken to expand
the first leaf fully. The flats were watered every morning until germination was
completed and once in 2 days thereafter.

3. Results

3.1. Germination

The unirradiated seeds of the first experiment in winged bean had 809, germination.
In contrast, seed irradiated with 10 Kr had 929, germination and at 20 and 30 Kr
all the seeds germinated (Figure 1). When the dosage was increased to 40 Kr,
- germination dropped to 50% and still higher dosages were detrimental to the sceds.
In the control and all treatments, germination was completed in 9 days. The rate of
germination was most rapid in the 10 Kr and 20 Kr treatments and the highest rate
was noted during the first day of emergence (Table 1). Germination was slowest
in the 40 Kr treatment and its highest rate was recorded on the fifth day after the
emergence of the first seedling. In the second experiment where a narrow dosage
range was used, germination dropped from a maximum of 707 at 15 Kr to 427,
at 30 Kr. A stimulation of germination was however recorded at 25 Kr. Germination
in this instance took 15 days to complete. ;The rate of germination was highest in
‘all treatments between 7 to 13 days after emergence of the first seedling.
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Figure 1. Percentage germination of winged bean seeds at different
irradiation dosages.

TapLe 1. Rate of germination of winged bean at two day intervals.

Day of germination Total -
Dosage - 2 a .
1 3 5 7 9 11 13 15 germinated
EXPERIMENT 1
Control 18 4 8 0 2 32
10 Kr 30 4 2 1] 1 37
20 Kr 30 6 2 2 0 40
30 Kr 20 9 8 1 2 40
40 Kr 1 3 9 2 5 20
EXPERMENT IT
15 Kr 3 3 2 2 6 2 6 4 28
175 Kr 0O 2 ) 10 2 4 2 2 24
20 XKr 3 0 2 3 5 2 3 2 20
225 Kr 3 0 1 2 6 3 3 0 18
25 Kr 2 2 2 3 5 6 2} 0 23
27.5 Kr 0 2 2 1 4 1 8 0 18
0 Kr 3 2 0 3 2 5 1 1 ir-
5—16059
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Germination in passion (ruit, was highest (79%) in the unirradiated and 15 Kr
treatments. At higher dosages, germination decrcased to 64, 32, 33 and 20 per
cent at 17.5, 20, 22.5 and 25 Kr respectively (Table 2). The rate of germination was
highest during the fourth week in all treatments. 1t’s distribution followed a normal
curve in the control, 15 Kr and 17.5 Kr treatments,

TaBLE 2. Percentage weekly rale of germination of passion fruit
T R PIERT R Dosage (Kr)
Week Conirol e

15 17.5 20 22.5 25
2 0 5 1 0 0 0
<) 13 11 ] 0 0 0
4 63 55 52 26 31 20
5 3 6 5] 6 s 0
6 0 2 0 0 0 0

Total (%) 79 79 64 32 33 20

3.2. Seedling height and growth rate in winged bean

In winged bean there was a dosage effect on seedling height which was evident from
the first week of growth (Table 3). In Experiment 1, the seedling heights of the
control and 10 Kr treatment during the 3 weeks were similar. Above 20 Kr, the
dosage effect was more pronounced. At the end of the first week, the height in the
30, 40, 50 and 60 Kr treatments were 6, 3, 2 and 0.1 em, respectively, compared to
14.5 cm in the control. In the second and third week, the differences in height
between the control seedlings and treatments above 20 Kr were more obvious.

The growth rate (cm/day) determined for the first 3 weeks shows that the control,
10 Kr and 20 Kr treatments had comparable growth rates during the first week
whereas the rates were lower at higher dosages. During the second and third weeks,
the 10 Kr treatment maintained the growth rate of the control but slower growth
rates were observed at the higher dosages.

Tasre 3. The effect of increasing dosage on the height and rate of growth of
winged bean seedlings during the first three wocks.

‘Height em)  Growih rate (emiday)

Week Week
Dosage et e G R, 7 R A e (N (oo i — AEMELS
1 2 3 1 2 3
Control 14.5 36 60 2.1 3 32
10 Kr 13.5 34 60 1.9 2.9 o
20 Kr 13.5 24 46 1.9 o 2.7
30 Kr 6 11 28 0.8 0.7 s
40 Kr & 4 13 . 03 0.3 =
50 Kr 2 4! 4 0.3 a1 0.1
60 Kr 0.1 1 2 . 0.1 04
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3.3. Seedling vigour in passion fruit

During early growth, the seedlings were grouped visually into three classes, vigorous,
intermediate and slow (Figure 2). Although the germination percentages of the
control and 15 Kr treatments were identical (Table 2}, the former had a larger
proportion of vigorous seedlings at 6 weeks. By the eighth week, all the control
seedlings were vigorous. At 17.5 Kr and above, the proportion of slow growers
was highest during the sixth week. From the eighth week, the proportion of vigorous
seedlings among the surviving seedlings of the 17.5 Kr seedlings increased but at the
two highest dosages the proportion of intermediate and slow seedlings among the
survivors was still high. In the control, 15 Kr and 17.5 Kr treatments there was a
shift of plants from the slow and intermediate classes to the vigorous class as the
seedlings became older. This was not evidentin the 20 Krand 22.5 Kr treatments where
the survival of the slow growing scedlings was less due to high seedling mortality.

3.4, Seedling survival

In winged bean, of the seeds that germinated, all survived. In passion fruit, however,
there was seedling mortality which increased with an increase in dosage (Table 4),
The effect was most severe in the 25 Kr treatment in which all the seedlings died by
the third week. In the 20 Kr and 22.5 Kr treatments, survivals were 47.4% and
48.4%; respectively at 3 weeks after germination. At 5 weeks after germination,
survivals were highest in the control (88.2%) and 15 Kr (86 %) treatments but in
the 20 Kr and 22.5 Kr treatments the survival had reduced further to 21.8% and
i

TagLe 4. The influence of irradiation treatments on the percentage survival
of passion fruit seedlings during the first five weeks of growth.

Week Control SAwiEe (I

15 17.5 20 25 25
1 100 100 100 100 100 100
2 97.6 98.7 93.7 93.7 75.7 60
3 94.8 94.9 89.5 47.7 484 =
4 89.6 91.1 78.1 37.5 33.3 -
5 88.2 86.0 67.1 21.8 27.2 s

3.,5. Foliage aberrations in winged bean

Yellow spots were common on the cotyledons of all seedlings of the irradiated
treatments. Their frequency and size were smaller in the 10 Kr and 20 Kr treatments
compared to the higher doses. Two other leaf aberrancies that were observed in
low frequencies were variegation and deformities. In the 10 Kr treatment, the
first true leaf had these aberrations. In the 20 Kr and 30 Kr treatments they were
confined to the first and second leaves whereas in the 40 Kr treatment they were

found in the first three leaves.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

130 Y. D. A. Senanayake and L. A. Perera

100}
" | contrROL
-{o] o =

= E VIG OROUS
60} =

= D INTERMEDIATE
40t =
20} é . SLOW

1 1 = i L
6 7 8 9

T IR
(T D

ol
s

CLABSES

SEEDLING VIGOUR

Age (Weeks)

Figure 2. Changes in seedling vigour of passion fruit with
age at different irradiation dosages.
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4. Discussion

Winged bean and passion fruit showed a differential germination response to irradia-
tion. The former was more tolerant to higher dosages of irradiation than passion
fruit. The LD,, for winged bean was around 30 Kr to 40 Kr whereas in passion
fruit it was between 17.5 Kr to 20 Kr. Differential germination responses (o gamma
irradiations among different crop species have been reported for castor,” jute,! red
gram,? rice* and many other species.?

In their studies, jute had a high LDy, value of 120 Kr whereas red gram and rice
had an LDy, value of 30 Kr. The ability of seeds, therefore, {o tolerate different
dosages of gamma irradiation is a species characteristic. But the age of seeds could
aller the critical dosage levels, as shown in this study with winged bean, where a
delay of 25 days in the second test gave a lower germination even at low irradiations,
whereas in the less aged seeds of the first test, low dosages had a stimulatory effect
on germination. Age also had an effect on seed vigour (Table 2) where irradiated
fresh seeds germinated faster than aged seeds even at high dosages of irradiation,

Irradiation above 20 Kr were detrimental to passion fruit. This confirms the
results of Tone and Desai’” where a similar effect was observed for P. edulis and P.
foetide. A detrimental effect in winged bean houever was observed at a much
higher dosage of 50 Kr.

Stimulation of germination in wmged bean was found in treatments irradiated at
10 Kr to 30 Kr. This was not evident in passion fruit. Since passion fruit has a
lower tolerance to gamma irradiation, stimulatory effects 1\f any may show up at-lower
dosages than the levels used in our study as has been reported by Tone and Desai
where dosages of 1 Kr to 2.5 Kr induced higher germination and survival than at
higher doses. Stimulation of germination has been reported by the use of gamma
irradiation on castor’ and X-rays on bean®at a range of 7 to 14 Kr. Germination
per se would not be an adequate criterion to determine the critical dosage range in
some species.  For example, while in winged bean all seeds that germinated survived,
it was not so in passion fruit in which the proportion that survived at 5 weeks in the
20 Kr and 22.5 Kr treatments had decreased to 25 per cent of the total that germinated.
The ability to survive in irradiated material seems to depend on the rate of growth of
the species. Passion fruit being less vigorous as demonstrated during its germination
and growth during the first five weeks, appears to succumb more easily to irradiation
than the quick germinating and fast growing winged bean. Even in the rapidly
growing winged bean, the influence of increased dosages on the vigour of growth
during the first three weeks was evident, where irradiations of 30 Kr and above
Jowered the vigour of growth, but the growth rates were still high enough for the
seedlings to pass the critical stage of survival.
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In both species, it was found that.if the seedlings continued to maintain growth
during the initial critical period, they were observed subsequently in the field to
pick up growth rapidly and it was difficult to distinguish between the slow growing
seedlings of the high dosage irradiation treatments and the control. Apparently
the effect of irradiations seems to wear off as the plants grew larger. Due to the
slower growth of passion fruit, this effect was observed more clearly, where with
time, there was a shift of plants that had slow and intermediate rates of growth to
the vigorous category (Figure 2). This observation would suggest that when passion
fruit seeds are irradiated for mutation and breeding studies, the intermediate and
slow growing seedlings which may be the ones suspect with pronounced dosage
effects should receive greater care in the nursery and they should be transplanted in
the field later unlike in conventional transplantings.

Acknowledgement

The senior author wishes to thank the National Science Council of Sri Lanka and the
University of Sri Lanka, Peradeniya Campus, for the research grants which supported
studies in winged bean and passion fruit, respectively.

References

1. Josnua, D. C., THakase, R. C., & Rao, N. §. (1972) Indian J. Genet, Pl. Breed. 32 : 340-344,
2. KuHaN, W. M. A., SivasaMy, N. & Ramaswamy, K. R. (1973) Madras agric. J. 60 :  406-407.
3. Mon, C. C. & AuaN, 1. L. (1974) Turrialba, 24 = 156-159.

4, PUItLJSHti'IHAMAN. G. {1969). Madras agric. J. 56 : 110-119.

5. RaJ A. 8. & Rao, B. V. R. (1963) Madras cgric. J. 50 © 274-278.

6. SwaRUP, V. & GiL, M. S. (1968) Indian J. Genet. Pi. Breed. 28 - 44-58.

7. Tone, 8. G. & Desa1, N. P. R. (1975). Curr. Sci. 44 - 112-113.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

J. Natn. Sci. Coun. Sri Lanka 1977 5(2) © 133—146

VYariations in the Composition of Oil in Citronella
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Natural Products Section, Ceylon Institute of Scientific and Industrial Research (CISIR),
P. 0. Box 787, Colombo 7, Sri Lanka.

(Paper accepted 1 9 September 1977).

Abstract : Commercial oil of citrenella in Sri Lanka is distilled mainly from
‘lenabaty’ grass. In citronella plantations some mixed populations of “lenabatu’ and
‘mahapengiri® types are found. Sclections among these enabled eleven strains to be
located. The propagation of these strains and the investigation of the essertial oils
distilled from them using gas liquid chrematography revealed differences among
thirty-one of the chemical constitutents. In addition to the oil from the vegetative
parts of the plants, the lowering parts also yielded essential oils which again showed
differences from the leaf oils cf the same plant and variations among the strains.
Correlation studies provided values which have helped to explaim the factors influencing
the production of one group of components more than another. The variability of the
chemical composition of oils that are reported have been observed to be in accord with
the geretic difference of the strains.

1. Introduction

Sri Lanka is one of the principal citronella oil producing countries, and citronella
has been cultivated in Sri Lanka for over a century. The two types of citronella oil
sold in world market are the Java type and the Ceylon type, the former being produced
from the Java variety called *Mahapengiri’ and the latter from the Ceylon varicty
called ‘Lenabatu® Botanically the two types, ‘Mahapengiri’ and ‘Lenabatu’ are
derived from Cymbopogon winterianus Jowitt and Cymbopogon nardus (L) Rendel
respectively.! It is believed that both types originated in Sri Lanka.® ‘Mahapengiri’
is now being grown in Java, Formosa, People’s Republic of China, Haiti, Honduras,
Taiwan, Guatemala and India. ‘Lenabatu’ is grown only in Sri Lanka. Although
the bulk of the Sri Lanka oil is distilled from ‘Lenabatu’, “‘Mahapengiri’ type is also
grown in certain arcas. These two main types of grass could be distinguished
morphologically, anatomically and chemically ; morphologically by the shape of
leaves, length and width of leaves, length of sheath, colour of sheath and size of
auricles ; anatomically by the nature of vascular bundles of leaf tissues, sclerenchyma
arrangements, stomatal distribution their density and shape, type of epidermal
appendages and their size (trichomes) ;* chemically by the composition of oil
present in them.%'# It was believed that the main chemical differences between the
oil from the two varieties were in the relative amounts of total acetylisables (total
geraniol content) and the occurrence of compounds related to eugenol. GLC studies

*and Faculty of Agriculture, University of Sri Lanka, Peradeniva Campus, Peradeniva
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by Rogers and Toth showed that the two types of oil differ more markedly in their
citronellol content then in the geraniol content.! Furthermore, a higher percentage
of monoterpene hydrocarbons was observed in Lenabatu reported by Wijesekera
and others.'* The work on the composition of citronella oil conducted by the earlier
workers was based on the analysis of commercially available citronella oil.  Wije-
sekera et af. attempted to analyse the freshly distilled oil from Mahapengiri grown
in plantations of Sri Lanka. Commercial Ceylon oil is distilled mainly from
Lenabatu type, but there are areas where both Mahapengiri and Lenabatu are grown
in mixtures and the oil from these plantations enters the oil of commerce. From
earlier work it was observed that even in the oil of selected Mahapengiri types grown
in Sri Lanka, a high percentage of terpene hydrocarbons occured though not as high
as in Lenabatu. Thus, it is likely that the Sri Lanka Mahapengiri is a hybrid of both
types. In other words, among the present cultivars of citronella grown in Sri Lanka
there may be hybrids, mutants and polyploids yielding oil with different compositions.
Some of these oils may be of better quality than the bulk oil exported from Sri Lanka
which represents mostly Lenabatu oil.

Therefore with a view to selecting commercially desirable strains of citronella
grass, a field survey was carried out in citronella growing areas, Preliminary selection
of strains was based upon th¢ morphological difTerences and these selections were
subsequently tested for some of their morphological, anatomical, physiological and
chemical features. In addition, a true Java variety was introduced from India and
field experiments were conducted on both these selections and the Java variety.
From the results of thesc experiments it was possible to isolate ten different
selections of ‘‘strains”™.* Some of these strains possessed Lenabatu character,
some Mahapengiri character, while others showed characteristics that were inter-
mediate to the two types.®5 Morphological, anatomical and physiological character
differences among the ten strains and the Java variety were recorded. Their vielding
capacity of grass and oil also showed variation. Further investigations suggest
the possibility of existence of polyploidy among some of these strains.® As such, a
detailed study of constituents of oil extracted from different strains was undertaken
in order to ascertain genetic influence on the composition of citronella oil.

2. Experimental

The selected ten strains (I—10), and the Java variety introduced from India (desig-
nated strain 11), were used for this investigation at the University Farm, Meewatura,
Peradeniya. A completely randomized block design with ten treatments (strains)
and three replicates was used for this experiment. Cross plot size was 4.5 X 4.5
metres. Planting was done at a spacing of 90 x 90 cm, with two tillers per hill.
Fertilizer was applied with a basal dressing of 56 kg, 44.8 kg and 56 kg/ha followed
by top dressings of 56 kg/ha of nitrogen at four monthly intervals.
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The soil of the experimental site was a sandy loam, low in available nitrogen
(515 kg/ha) and moderate in availablc phosphate (326 kg/P,0,/ha) and the pH was 6.1.

Harvests of grass and flower heads were taken at four monthly intervals and oil
extraction was carried out after two days of drying under shade. Distillation of oil
was carried out using a laboratory type water-steam still of glass. Leaf oil samples
from 11 strains and flower oil samples from 8 strains were separately extracted and
stored under refrigeration prior to GLC analysis.

0il composition of first harvest were studied using Varian 1700 GLC equipment
at the Ceylon Institute of Scientific and Industrial Research, Colombo. Analysis was
carried out on samples of 0.3 #l, The column was held at 60° C for 4 minutes and
then programmed at 4°C per minute to 200°C and held. Injector and detector tempe-
ratures were 200°C. Samples of oil from all three replicates of the trials were analysed
separately for each strain. Identification of constituents was accomplished according
to the method adopted by Wijesekera et al. Tentative peak identification was
assigned by comparing the corrected retention volumes with those of authentic
compounds. Chromatogram peak assignments of earlier workers, viz ; Wijesekera,
Jayewardene and Fonseka, as well as the technique of peak enrichment were
employed to confirm the identifications.

3. Results

Thirty-one peaks indicated the existence of a minimum of thirty-one different com-
ponents in the oil of each strain. All three replicates gave identical chromatograms,
indicating the consistency of composition of oil from the replicates of the trial.
Between them the strains showed differences in composition of oil with quantitative
variations among the thirty-one constituents of the leaf oil (Table 1). The magnitude
of the differences varied widely between strains and the variability was highly
prominent in the content of monoterpene alcohols, phenolics and in some of the
terpene hydrocarbons namely camphene and limonene.

Flower oil also showed variations in composition between the eight strains (Table 2).
The magnitude of differences in the percentage of constituents between the strains
was less compared to that of the leal oil. In all the strains, the percentages of
monoterpene hydrocarbon compounds of flower oil were lower than those of leaf
oil while the relative amount of monoterpene alcohols was higher in the flower oil.
The citronellal content of flower oil was less than that of leaf oil except in strain one
where it showed a higher value (9.90 and 0.97, respectively). Methyl isoeugenol was
higher in the flower oil than in the leaf oil in five strains while it was low in three
strains.

6-—16059
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For the convenience of comparison the constituents were grouped into seven
groups :—

Grour CoMPOUNDS Prax No.

G 1. Total Monoterpene oo — Pinene and Tricyclene 1
Hydrocarbons

Camphene 2

Myrcene 3

o — Phellandrene and « Terpinene 4

Limonene 5

Ocimene 6

vy — Terpinene 7

p — Cymene and Terpinolene 8

G 2. Monoterpene Citronellal 12

Oxygenated compounds Citroneliol 22

Geraniol 24

Linalool 14

Borneol 19

G 3. Camphene-Bornane Camphene 2

Compounds Borneol 19

o — Pinene and Tricyclene 1

G 4. Sesquiterpenes 8 — Caryophyllene 15

Unknown sesquiterpene 21

Unknown sesquiterpene 16

Unknown sesquiterpene 17

Unknown sesquiterpene 18

G 5. Sesquiterpene alcohols Nerolidol 26°

Elemol 27

G 6. Phenolics and Methyleugenol 261

derivatives Methyl isoeugenol 29

G 7. Total acetylisables Citronellal 12

and esters Linalool 14

Citronellyl acetate 20

" Borneol 19

Citronellol 22

Nerol 23

Geranial 24

Geranyl butyrate 25

Nerolidol 263

Elemol 27
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Figure 1. Percentage of groups of compounds in different citron
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Percentage of groups of compounds in different citronella strains.
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The percentage of these groups of compounds varied greatly within the strains
for leaf oil and flower oil (Table 3 and Figure 1). A correlation network was found
which illustrates the relationship between the contents of total terpene hydrocarbons,
monoterpene alcohols, camphene bornane compounds, phenolics and total acety-
lesables (Table 4). In other words, these correlation values explained the influence
of production of one particular group of compounds over the others.

TaBLE 3. Comparison of Groups of Compounds of Oil from Citronella Strains

Leaf Oil Strain
Group % Sy 8. 8 S4 S5 S¢ Sy Sg Sy S10 Sy
1 1776 18.10 2990 2749 3122 1649 1253 19.90 1269 1807 12.28

2 859 4524 3057 3439 1588 1222 4647 4726 69.81 5348 5571
3 1222 1524 1674 1391 2401 1149 944 1375 827 978 569
4 726 14.15 10.81 1034 841 838 1583 1532 536 109 19.62
5 590 208 517 581 240 2001 108! 290 320 392 615
6 1036 17.02 13.45 21.62 3281 2631 836 796 489 928 15.89
7 16.56 4882 40.60 41.85 19.74 3348 61.31 5378 74.58 6085 6940

123 Flower Oil
1 0.00 1246 23.75 17.83 15.66 1637 1282 12.65
2 62.89 4637 2936 34.73 14.31 23.55 55.85 3787
3 715 9.01 1430 1391 10.07 11.37 8.81 6.21
4 10,02  16.05 7.87 10.34 10.26 15.79 8.44 7.96
3 447 268 956 5.81 34.25 1487 641 7.61
6 343 1571 1980 21.62 6.63 11.89 981 17.23
7 7897 5595 42.55 43.89 54.69 43.86 64.86 52.64

Tasle 4. Correlation values of the Constituents of Citronella
Leaf O1l Between the 11 Stramns

Compound Coiniation + CoomiRen
Group 1 Vs Group 7 Negative 0.6136*
Group 1 Vs Group 2 Negative 0.5117 (N.S)
Linaloo! Vs Group 2 Negative 0.5200 (N.S.)
Group 3 Vs Group 2 Negative 0.5745 (N.S.)
Group 3 Vs Group 7 Nepative 0.7110**
Group 6 Vs Group 7 Negative 0.6079*

* Significant at 5%,
*%  Significant at 1%,

Group 1 — Total terpene hydrocarbons
Group 2 — Monoterpene alcohols

Group 3 — Camphene-bornane compounds
Group 6 — Phenolics

Group 7 — Total acetylisables
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Total~terpene “hydrocarbons had -a negitive correlation significant at 5% Ieu,l
over the contents of total acetylisables while it did not have any significant c,orrelatnon
over the content. .of monoterpene alcohols. Similarly, the camphene-bornane
eompound group had a négative correlation significant at 17 level with total acety-
lisables and esters while it did not have significant correlation with total monoterpetie
alcohols. Linalool*had no significant correlation with total- monoterpene alcohols,

0O

Phenolics showed a. negative correlation significant at 197 with total acetylisables.

4 Dlu,ussmn

Most (}f the constituents of utronelld oil were terpenes and their oxygenated com-
pounds.- Within a given genos of a number of plant families studied, the terpene
appear to be distributed rather selectively within certain species. I the environmental
factors’ such as spﬂ and climate are kept constant, this. dlstrrbutlon is probably under
5pet:1ﬁc gcnem, umtrol For instance, in. the_.ganus.Mnnarda, Fujita? found that
one species M. didyma contained large quantities of linalool and little or no phenolic
or aromatic constituents such as p-cymene or thymol; whereas in other species of
this genus, the. reverse was found.2 - Fujita developed from these observations a
biogenetic scheme envisioning linalool as the patent material of the cyclic inter-
mediates.: Further, the influence of specific gencw, factors is I’Tlcil'kédly apparent in
the studies of Penfold and Morrisons-on the euualyptus genus.” Their study showed
that 230 specics of euc: alyptus wuld be grouped into four: typeb-those producing
largely (l) cingole (2).piperitone (3) phellandrene or A4)acyclic terpeneslike geraniol.
In a group of such trees growing a few feet apart some contained essential oil
consisting predomingntly .of cineole, - others - ‘contained predominantly piperitone.”
Similarly, Mirov? in a study’of the ‘geniis Pimus~ gives examples where individual
species could not be differentiated. -morphologically, but differed in erpene content.
With regard to citronella the eleven strains originated from two species namely
Cymbopogon nardiis and Cymbopogon winterianus and they were proy: ed to be different
mmphologmaﬂy dnatom:c.illy ancl c,}tologn.ally

Thus their \arlabrllty in terpetie cantmt of oil céuld be expected and variability
of the oil compositxon could be ;Lttrlbuted to their genetic differences, . Examination
of the essential oil content of various Mentha species suggested. that a’ genetic factor
was responsible for high menthol content, where genes from two specics were found
essential.”  Reitsema® has shown cvidence for the presenceior absence of a particular
enzyme system which is genetically controlled and which- ‘may influence the terpene
content of certain mint plant species.  Similar views could also be envisaged in
citronella strains, as the pattern of terpene,dﬂtubuuon in dlfferﬁnt strains showed
consistency. One may expect the feasibility. of the existence-of a pair of genes or
more or even an entire chromosome responsible fof the productzo" of the enzyme
that controls the biogenesis of these compounds i citronella species.
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A general similarity could be observed in the composition of il in strains 9, 10, 11
and 8 as against strains 3, 4, 5, 6 while strains 2 and 7 behave intermediate to those
two groups. Strain | forms a separate group by itself in this respect. Therefore
one could expect that the genes responsible for the production of terpenes are distri-
buted in a regular, but unknown pattern in these strains of citronella. This is
further supported by the fact that these strains exhibit polyploidy.*

The study of correlation coefficient of group of-constituents’ show interesting
predictions over the biogenesis of these compounds. According to Wijesekera
et al.,'? the possible pathways in the formation of monoterpenoids in citronella too
follow the usual sequence ; leading to the formation of camphene bornane group
tgroup 3) compounds in bigger quantities which will deplete the formation of mono-
(erpene alcohols (group 2). Our correlation values (Table 4) showed no significant
linear correlation between these two groups. At the same time camphene bornane
compounds showed a highly significant negative correlation with total acetylisables
which is the value of monoterpene alcohols plus other oxygenated compounds.
Thus one could arrive at the fact that in citronella the production of camphene
bornane compounds might have influence over the pathways where the other oxyge-
nated compounds are produced from the monoterpene alcohols. This may suggest
that, at the expense of latter the former is synthesized. :

GERANICL CITRONELLAL

2
— CH,OH AND H CHO
|
od s |
P 3 A
siee @ 4
2 BOROWANE CITRONELLOL

CARBOMIUM 10N

: @ o
e o] +~
o BORNIOL
AND l Py
i E j
CAMPHENE TRICYCLEME

Figure 2.. Possible pathways in the performance of monoterpenoids of Citronella.
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———
CH,OH |

GERANIOL ‘/< o ~ TERPINEOL LIMONENE

o

1 A" crreNE
- \
BORNEOL a - PINENE FENCHOL

Figure 3. Tonic mechanisms in the biogenesis of monoterpenes (Ruzicka)

Al A

OCIMENE &  PINENE
LIMONENE
MYRCENE - g - PlNENE

Figure 4. Radical mechanisms in the biogenesis of monoterpcncs {Ruzicka).
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Similarly the content of total monoterpene hydrocarbons (Group I), which again
includes the camphane-bornane compounds except borneol had significant negative
correlation with total acetylisables whereas total hydrocarbons had no linear correla-
tion with total monoterpene alcohols. In other words, produciion of total hydro-
carbons might have control over the production of total acetylisable but not when
considered individually for terpene alcohols and oxygenated compounds. This
prediction is in accord with the earlier experiments of Charabot’? who indicated that
terpane alcohols are the first condensation products that arise in higher plants and
that esters and terpene hydrocarbons are derived from them by acylation and dehyd-
ration, respectively. This is in accord with the classical concepts of Ruzicka,!! in
developing the “*biogenctic isoprene rule””. Tracer studies would throw considerable
light on the biosynthetic mechanisms.

In commercial cultivation of citronella, usually the harvests of grass are taken
before flowering and about six inches above the ground level. The high total
acetylisable content and low hydrocarbon content in flower oil as against the leal
oil suggests that flower head contains oil of better utility. In fact, in strain 1, flower
oil showed only a trace amount of hydrocarbons while the total acetylisables was
increased almost five-fold as compared with the leaf oil. Another interesting finding
was the occurrence of a very high nerolidol content in flower oil of strain 6, All the
strains (only 8 strains flowered) except strain 1, showed increased nerolidol content
in flower oil.  Strain 6 had a high content of.nerolidol even in leaf oil (13% in
strain 6 as against 0.1 % in strain 9) whereas in flower oil it had 21.56 % of nerolidoi
as against traces in strain 9 and 2. Production of this sesquiterpene alcohol seems
to have a correlation with flowering habit. Among all the citronella strains, strain 6
had a high tendency to flower throughout its growth period whereas the other strains
varied in their time of flowering. Strain 6 also flowers first during the flowering
season common to the citronella varieties. This suggests that the biogenesis and
storage after the biogenesis of sesquiterpene alcohol nerolidol are closely connected
in some way or other to the flowering habit of citronella.

When morphological and anatomical characters are considered to be the important
criteria to classify the citronella strains into Lenabatu and Mahapengiri types, the
strains 3, 4, 5 and 6 fall into Lenabatu type, strain 9, 8 and 10 fall into Mahapengiri
type while strain 1, 2 and 7 fall into the intermediate type.* Strain 11 was typical
Java Mahapengiri introduced from India. Earlier workers in this field observed
that the main chemical differences between the two types were in the relative amounts
of total acetylisable and the occurrence or absence of compounds related to eugenol.
The distribution pattern of total acetylisable in the eleven strains confirmed the
earlier work but the content of phenolics (compounds related to eugenol) did seem
to agree with their findings only in fespect to the introduced Java pengiri strain 11.
In fact, the Ceylon Mahapengiri strains followed the pattern (Table 1) reported
by the earlier workers whereas the strain 11 had fairly high phenolic contents (15.8 %
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which was equivalent to that of some of Lenabatu strains. Similar problems arose
in the citronellal and total hydrocarbon content. According to Wijesckera,'* and
Rogers and Toth,'? the Java variety contains a high proportion of citronellal, citro-
nellol and lower proportions of terpene hydrocarbons, but strain 11 had lower
content of citronellal and the total hydrocarbon content was found to be equivalent
to the typical Ceylon Mahapengiri in our investigations. Wijesekera ef al.'* indicated
that even the Ceylon Mahapengiri contains higher proportion of terpene hydrocarbons
than that found in the Java oil available in the world market. They suspected that
the sample of oil used may have bezn previously deterpinated,'* since these samples
were obtained from the commercial sources abroad.  Another possibility for such a
situation may be that the Java pengiri plant introduced for our investigations also
might be one of the chemotypss that might be present in countries where Java
pengiri citronella type are cultivated continuously. In other words, the commercial
plantations in those countries may have mixed populations of several Java strains
similar to our local conditions for Lenabatu. '

The borneol content was low in strain 11, Ceylon Mahapengiri strain 8, 9 and 10
which agree with these findings of earlier workers.

The above chemical differences attributed to the differences in their genetic nature
will be useful in plant improvement programmes and the establishment of commercial
plantations. The consistently wide variation of chemical composition of oil between
strains of citronella might be useful also in the chemical industry especially for
perfumery and cosmetic manufacture.
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Hesimdual Toxicity of some Herbicides
(i) 2, 4-D, MCPA and TCA
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Abstraet : Residual toxicity studies of 3 herbicides viz. 2,4-Dichlorophenoxy acetic
acid, 2-methyl 4-Chlorophenoxy acetic acid and Trichloroacetic acid in four common
soil groups : Reddish Browr Earth, Reddish Brown Latasolic, Immature Brown
Loam and Low-humic Gley, indicate that the herbicidal effect cf the cempounds
examined decrease during incubation, more rapidly in LHG soils than ir: others. 2, 4-D
and MCPA decomposed faster than TCA. The residual toxicity of herbicides
cxamined except TCA decreased at a slower rate under flooded conditions than
under unflooded conditions. Studies carried out with autoclaved soils show that
microbial activity is responsible for the decrease in toxicity escept in TCA. Residual
toxicity decreased more rapidly in soils previously incubated with these herbicides.
Leaching tests indicate that the three herbicides tend to get adsorbed mostly in the
first 3 in. of the soil except in LHG where accumulations were more in the 1 to 2 in.
layer.

1. Introduction

Since 1895 when the herbicidal property of CuSO, was discovered by Bennet, a
large number of herbicides, with different degrees of selectivity have been developed,
to be utilized in our endeavours to achieve a higher level of food production.

The ultimate recipient of most of the herbicides is the soil, which is a complex
mixture of organic and inorganic particles inhabited by microscopic and macroscopic
organisms. The molecules of the herbicide that enter the soil are subjected to physical
and chemical changes. Physically, the phytotoxic compounds get adsorbed on soil
colloidal particles and this process has been shown to be influenced by a number of
factors related to the nature of the herbicide molecule® and the soil.®  Desorption of
the adsorbed molecules also take place as shown by Williams?? and Talbert and
Fletchell 2>

Chemical changes of herbicide molecules are brought about by chemical and
biological factors, Armstrong et al.*fand Zaki et al.2* have shown chemical trans-
formations of the soil incorporated herbicides while decomposition of herbicides
by soil microorganisms has been demonstrated by a number of workers.16.17.18
Microorganisms are known to utilize these organic molecules as a source of energy.!2.1°
However, some compounds such as 2, 3, 6—TBA are recalcitrant® and are known to
remain undecomposed in soil over long periods.%!?

8—16059
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Those herbicides that get decomposed by soil microorganisms also remain in the
soil for varying periods prior to their decomposition. This period called the lag
period, depends on the nature of the soil and the compound.s

In view of these findings, a study of the residual toxicity of herbicides commonly
used is of importance in obtaining the maximum benefit of herbicides applied and
also in controlling environmental pollution. The studies reported in this paper
were carried out to examine the residual toxicity of some of the commonly used
herbicides in Sri Lanka.

2. Materials and Methods
2.1. Materials
The commercially available compounds of the following herbicides were used :
L. 2,4—Dichlorophenoxy acetic acid amine salt (2,4—D).

2. A mixture of sodium and potassium salt of 2 methyl 4—chlorophenoxy
acetic acid (MCPA).

3. Trichloro acetic acid sodium salt (TCA).

Four soil groups were used in this study and their characteristics are indicated in
Table 1.

TapLe 1. Some characteristics of the soils used in the study

Type of Soil % sand 9% silt % clay % b.mattcr _piJ
Reddish Brown Earth 385 18.5 43.0 0.65 7.8
Reddish Brown Latosolic 36.5 15.3 49.2 1.14 59
Immature Brown Loam 40.8 24.6 .6 1.28 5.7
Low-Humic gley 28.5 18.5 52.7 2.06 72

2.2, Methods
2.2.1. Experiment 1. Residual toxicity of herbicides under unflooded conditions.

250 g of soil of each group was separately mixed with herbicide solutions to give the
following concentration in the soil.

*2, 4—D 1.5 ppm
*MCPA-—- 20 ppm
*TCA— 10 ppm

given in the appendix.

* Some characteristics of these compounds are
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The moisture content was brought to 50% field capacity and the soil-herbicide
mixture was incubated at room temperature. Three replicates were included for
each soil group. At fortnightly intervals, the residual toxicity of the soil-herbicide
mixture was determined by bio-assay tests (3) using mustard as a test plant. Incu-
bation was continued over a period of 13 weeks.

2.2.2. Experiment 2. Residual toxicity of herbicides under flooded conditions

Soils were mixed with herbicides as in Lxperiment 1 and were incubated under
similar conditions except for the fact that flooded conditions were maintained by
keeping water 1in above the surface of soil. Residual toxicity of the incubated soils
was determined at fortnightly intervals over a period of 13 weeks by bio-assay tests.

2.2.3. Experiments 3 and 4. Residual toxicity of herbicides in sterile soils.

Similar to Experiments | and 2 respectively except for the fact that sterile soils
(soils heated to 150°C for 48 hours) were used.

2.2.4. Experiment 5. Residual toxicity of herbicides in soils previously treated with
the herbicides.

Soils used in Experiment 1 were kept moist over a period of one year, These soils
were re-incubated with herbicides added as in Experiment | and the residual toxicity
was determined by bio-assay tests at fortnightly intervals.

2.2.5. Experiment 6. Residual toxicity of herbicides in the field.

This experiment was conducted on field scale at Kundasale. The herbicides were
applied to weed-free plots 15ft x 15t at recommended rates indicated in the appen-
dix, The number of weeds in these plots was determined at fortnightly intervals.

2.2.6. Experiment 7. Adsorption of herbicides.

100 ml of the herbicide solution was leached through a soil column 4 in long.
(Tt was found that 100 ml of solution was just suflicient to wet the whole soil column).
The soil column was removed as 1 in blocks and the residual toxicity of these
blocks was examined by bio-assay tests.

3. Results and Discussion
3.1. Experiment 1.

The results obtained in Experiment 1 are given in Table 2. These results indicate
that there is an initial drop in the concentration of herbicides which could be attri-
buted to adsorption on clay and organic matter in the soils used. Adsorption of
herbicides in soils has been reported by a number of workers.?

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

150 C. S. Weeraratna

TaBte 2. Residual concentration of the herbicides in soils incubated vnder
unfloeded condition at fortnightly intervals in ppm

Wee k :,
0 1 3 5 17 9 11 13
24D o T o e
RBE 1.5 1.0 1.0 1.0 0.8 0.6 0.4 0.2
RBL 1.5 1.0 1.0 1.0 0.9 0.8 0.7 0.6
IBL 1.5 1.0 1.0 1.0 0.9 0.8 0.6 04
LHG 1.5 0.8 0.7 0.6 0.5 0.3 0.1 0.05
MCPA
RBE 2.0 1.0 1.0 1.0 0.8 0.6 0.4 0.2
"RBL 20 . 1.0 1.0 1.0 0.9 0.8 0.7 0.6
IBL 2.0 1.0 1.0 0.8 0.7 0.6 0.4 0.4
LHG 2.0 0.8 0.8 0.6 0.5 0.4 02 0.1
TCA
RBE 10 8 8 8 6 4 4 4
RBL 10 8 8 8 6 6 6 4
TIBL 10 8 8 6 6 6 6 4
LHG 10 8 8 6 6 4 4 2

All the three herbicides examined have decomposed in the four soils during the
incubation period, decomposition being most rapid in LHG soil. This is likely to
be due to higher microbial activity in the LHG soil brought about by the relatively
high organic matter content. It is known that decomposition of herbicides in soil is
brought about mainly by microorganisms.25.7

In all soils other than LHG, 2,4-D, MCPA and TCA have begun to decompose
after the fifth week ; but in LHG, decomposition has started at an earlier stage.
Previous studies, too, have shown rapid decomposition of these herbicides.'41® The
decomposition of 2,4-D and MCPA is slower in RBL and 1BL soils ; this is
possibily due to the relatively low pH of these soils. Tt has been reported that
microbial activity is less in acidic soils.! However, the rate of decomposition of
TCA appears to be more or less the same in all the soils. This is likely to be due to
chemical factors being more dominant in the decompositions of this compound.
Chemical transformations of soil incorporated herbicides have been reported.2*

3.2. Experiment 2.

The results of this experiment (Table 3) indicate an initial reduction in the concen-
tration of the herbicides as in Experiment 1. Subsequently, however, there is a
relatively small drop in the concentration of the herbicides except TCA. The
decreased microbial activity in the flooded soils due to anaerobic conditions prevailing
is likely to have resulted in the little decomposition of the herbicides except TCA.
TCA has decomposed faster under flooded condition than under unflooded condition
indicating that anaerobic soil microorganisms favour its decomposition. Anaerobic
biodegradation of chlorinated hydrocarbon insecticides has shown to be favoured by a
fall in the redox potential.
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TasLe 3. Residual concentration of the herbicides in soils incubated under
flooded condition at forlnlghtly intervals in ppm.
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Trichloroacetate during the course of its decomposition appears to have formed
another toxic compound in LHG soils in the ninth week of incubation. This
compound has a toxicity equivalent to 10 ppm of TCA and has not decomposed in
the subsequent 6 weeks. Audus has reported of a similar process with 2, 4 dichloro-
phenoxyethyl sulphate.f

3.3. Experiment 3.

Residual concentrations of the three herbicides incubated- in sterile soils under
unflooded condition (Table 4) show that almost no decomposition has taken place
during the incubation period suggesting that the soil microorganisms are responsible
for the decomposition of these compounds. Audus® also has shown that decomposi-
tion of agro-chemicals in soil is mostly brought about by organisms.

3.4. Experiment 4.

Results of Experiment 4 (Table 5) are similar to [hdt in Experiment 3 but TCA
incorporated soils show lower toxicity than in Experiment 3 during the latter part of
incubation period. This suggests that TCA has undergone chemical changes under
flooded condition probably due to non-biological factors resulting in a decrease in
the toxicity level. Zaki er al* also have reported of such non-biological chemical
changes of herbicides in soils.

3.5. Experiment 5.

Investigations by Audus? have shown that decomposition of herbicides is rapid in
soils previously treated with them. This could be attributed to adaptation of soil
microorganisms as suggested by Cohn and Moned!! and Hirsch and Alexander?? or
due to the evolution of strains capable of decomposing the compounds as shown by
Kearney et al.l?
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TapLe 4. Residual concentration of the herbicides incubated in sterile soils
under unflooded condition at fortnightly intervals in ppn.

Weeks
0 1 3 5 7 9 11 13
2,4-D - ) i
REE 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.8
RBL 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.8
IBL 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.8
LHG 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.8
MCPA
RBE 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
RBL 2.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
IBL 2.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
LHG 2.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
TCA
RBE 10 8 8 8 8 8 5 6
RBL 10 8 & 8 8 8 i) 6
IBL 10 8 8 8 8 8 [} 6
8 8 8 8 8 8 6

LHG 10

TaBLe 5. Residual concentration of the herbicides incubated in sterile soils under
flooded condition at fortnightly intervals in ppm.

Weeks .
0 1 3 5 7 9 11 13
2, 4—D '
RBE 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.8
RBL 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.8
IBL 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.8
LIIG 1.5 1.0 1.0 1.0 1.0 1.0 1.0 0.5
MCPA
RBE 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
RBL 2.0 1.0 1.0 1.0 1.0 1.0 1.0 0.8
IBL 20 1.0 1.0 1.0 1.0 1.0 1.0 0.8
LHG 2.0 1.0 1.0 1.0 1.0 1.0 1.0° 0.8
TCA
RBE 10 8 8 6 4 4 2 2
RBL i0 8 8 6 6 4 2 2
IBL 10 h 8 6 G 4 2 2
8 8 4 4 4 2 2

LHG 10

The results of the Experiment 5 (Table 6) show that the findings of Audus® could be
applied to the three herbicides examined. However TCA in LHG soils appear to
have formed a toxic compound during the latter part of incubation like in the case
of Experiment 2.
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TaBLE 6. Residual concentration of the herbicides incubated in soils previously
treated with the herbicides in ppm.

Weeks
0 1 3 5 7 9 11 13

2, 4-D i

RBE L5 1.0 0.5 0.2 0 0 0 0

RBL 1.5 1.0 0.5 02 0 0 0 0

1BI. 1.5 1.0 0.3 0.2 0 0 0 0

LHG 1.5 1.0 0.5 0.2 0 0 0 0
MCPA

RBE 2.0 1.0 0.1 0 0 0 —

RBL 2.0 1.0 0.2 0 0 0 — -

1BL 2.0 1.0 0.2 0 0 0 —

LHG 20 1.0 0.2 0 0 0 - —
TCA

RBE 10 ¢ 6 2 0 0 0 —

RBL 10 8 4 0 )] 0 0 ——

1BL 10 8 4 0 0 0 -

LHG 10 8 4 o 10 10 10 —

3.6. Experiment 6.

Results of Experiment 6 (Table 7) which was carried out at Kundasale indicate that
the three herbicides tested have degraded within the 12 week period confirming the
findings of Experiment 1,

TasLe 7. Number of weeds per 5 square yards at fortnightly intervals in plots
treated with herbicides

Average number of weeds per 5 square yards (av. of 3)
Herbicide Weeks after application of the herbicide

2 Weeks 4 Weeks 6 Weeks 8 Weeks 10 Wecks 12 Weeks

2, 4—D 10 15 22 26 32 44
MCPA 9 17 24 30 38 49
TCA 2 18 30 40 48 51
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3.7. Experiment 7.

The leaching experiments carried out (Table 8) indicate that all the compounds
studied tend to remain mostly in the 1 to 3in. of the soil. Relatively higher adsorp-
tion of the three herbicides in the 1st inch of LHG is likely to be due to the high
organic matter content of the soil. " Sheets?! has shown that organic matter is
mostly responsible for adsorption of the organic pesticides. In addition to organic
matter a number of other factors such as clay content, cation exchange capacity and
pH are known to cause adsorption of agrochemicals in soils.3

TasLe 8. Concentration of the herbicides in ppm in soil columns
Ieached with 100 ml of herbicide solution.

I-Ierbic:[{_lc RRE RBL IBL LHG
2, 4—D 0—1" 0.5 0.3 04 0.6
1—2n 1.0 1.2 0.9 0.1
23" 0.6 0.6 0.8 0.8
3—4 0.4 0.4 04 0.3
MCPA 0—1~ 0.4 0.5 0.4 0.1
1—2" 0.9 0.8 0.9 0.9
237 1.2 1.4 0.9 0.9
3—47 0.8 0.6 1.1 0.7
TCA 0—1* . 2.0 2.0 4.0 5.0
1—2 5.0 4.0 5.0 6.0
2—3" 8.0 5.0 6.0 5.0
3—47 2.0 2.0 2.0 2.0
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APPENDIX
24—D:— 2, 4—Dichlorophenoxy acetic acid amine salt selectively destroys all species of
sedges and broad-leaved weeds growing in paddy, pastures, etc. at 1 fl oz ir; 2 gallons
of water.
MCPA — A mixture of Na and K salt of 2, methyl —4—chlorophenoxy acetic acid. Selecti-

vely destroys most species of broad-leaved weeds and sedges growing in paddy,
sugarcane, pastures and lawns, .1t 11lcz

TCA — Sodium salt of tl’lCthI'O&u:tlL dCld Used as a selective weed killer at 5-25 lbs
per acre. At 50 Ibs/acre TCA acts as a total weed killer and controls [lluk, Bcrmudd
grass and Cooch grass.
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SHORT COMMUNICATION

The Binding Energy of an Electron Transferred to a Solvent
from Halide lons

K. TENNAKONE AND R. H. WIJENAYAKE
Department of Physics, University of Sri Lanka, Vidyodaya Campus. Nugegoda, Sri Lanka.

(Paper accepted : 30 September 1977)

It is well known that halide ions (the best example is the iodide ion) in aqueous
solution show strong absorption bands in the ultraviolet region. These bands are
considered to be due to transfer of an electron from the anion to the solvent. The
peak frequency of the band depends on electron affinity of the ion, the binding energy
B of the electron in its excited state and other terms associated with heats of solva-
tion and electronic polarization.’,* In the theory of Franck and Platzman' the
binding energy B of the electron in its excited state is calculated on the assumption
that the electron is subjected to the potential

V() = —?(D,, - Dgl)fr
= —e™Zept/r, (6))

where D,,, Dy are the optical and static diclectric constants of the solvent. The
expression (1) gives the potential a dipolar medium arranged round a negative ion
would have at small distances.? It is essentially a coulomb ie. potential with a
renormalized charge,

ezel‘f = & (Dopml - DS_I)'J
and the binding energy of the electron is given by
B = —mchfz C4f2H2n2, (2)

where m is the electron mass and # is an integer. Franck and Platzman! assumed
that for halides the transferred electron is in a 28 state, so that the binding energy is
approximately leV. The binding energy in the ground state (1S state) is so high
( ~ 4eV) that it even exceeds the electron affinity of the halogen atom. Franck
and Platzman! give no satisfactory reason as to why the electron should not be in
the 28 excited state. The more recent theory of Stein and Treinin* which is partly
successful in explaining the variation of peak frequency with temperature and the
nature of the medium’also makes the same assumption. For halides, they assume that
B is given by (2) with n = 2. The theory completely fails if the electron is allowed
to occupy the 1S state. In this work we present a more realistic calculation of B
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taking into account the short distance behaviour of the potential to which the electron
is subjected. It is shown that the electron could be transferred to the ground state and
that binding energy in this state is not impossibly high as in the previous theories.

We assume that the dipolar molecules of the solvent are oriented around the
negative ion giving rise to the potential (1). However, at short distances this macros-
copic description becomes inaccurate and the effect of individual dipoles has to
be taken into account. Since the clectric field due to a dipole vary as 1/r3, only few
oriented dipoles interact with the electron and the potential experienced by the
electron due to this field is approximately we/r2, where p is a parameter comparable
to the dipole moment of a single molecule. As the positive ends of the dipoles are
pointed towards the anion the above force is repulsive. The nel potential seen by
the electron is

V() = peft? - Zeye?lr. 3

V(r) is repulsive when r<r, — y/Zee and becomes minimum when r — 2r,,
the minimum value being V — V, — — Z2,/dp. Setting = 1.87 De (dipole
moment of the water molecule) we obtainr, = 3.2 A°, which is not unreasonable.
The Schrodinger equation is exactly solvable for the potential (3) and the energy

eigenvalues are given by the expression,?
E = -2mZ%xetn? [ 2n + 1) + { @1 + 1)> + Bpme/n®}* ]2 (4)

where n = zero or an integer and 1 is the orbital angular momentum quantum
number. The eigenfunctions can be expressed in terms of confluent hypergeometric
functions.* For the ground state (n =0, 1 = 0), the above expression yields
B = — E =~ .5 eV(excited states will have much less energy). Thus our calcula-
tions show that the major difficulty of the previous theories disappear when the short
distance behaviour of the force experienced by the electron transferred to the solvent
is taken into account.
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SHORT COMMUNICATION

Static Electrification of Dust Particles in a Hot Tenuous Plasma

K. TENNAKONE
Department of Physics, University of Sri Lanka, Vidyodaya Campus, Nugegoda, Svi Lanka.

(Paper accepted : 30 September 1977)

In this paper we show that dust particles in a hot tenuous plasma of electrons and
positive ions can acquire positive or negative static charges. FExperimental evidence
to support the theory is given. Possible astrophysical implications of the process
are discussed,

We assume that dust particles (by dust particles we mean fine grains of solid
matter having dimensions much greater than that of an atom or a molecule) are in
thermal equilibrium with a tenuous nonrelativistic plasma at temperature T. Heated
solid dust particles in the plasma will emit thermionic electrons, The number
of thermionic electrons N, emitted per sec per unit area is given by Richardson’s
equation’

N, = Ae-9eiT, (1)

where & = Boltzmann constant and ¢ - electronic charge. When quantum
mechanical tunneling from the surface is neglected, the constant 4 in the equation
(1) takes the value,’

A = 4amk*T?/h3. 2

where m is the mass of the electron and 4 is Planck’s constant. The work function
¢ 18 few electron volts for most solid materials.? As positive charge accumulates on
the surface of the grain, (due to electron loss) Ny diminishes, because electrons will
have to do more work to overcome the atiraction due to positive charge on the
particle: We assume that a dust particle is a sphere of radius r.  Then the additional
energy needed to remove an electron from its surface when the particle is charged is
4ar sre, where s is the surface charge density measured in electronic charges on the
particle. Thus the effective work function is changed to (¢ + 47 rse) and the equation
(1) becomes, by

Ny =8 0 Ampe BT _ - ®
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At equilibrium, the rate at which the charge is lost from the dust grains due to ther-
mionic emission must be equal to the rate at which the negative charge is deposited
on the grain as a result of impact of electrons and ions in the plasma. Ifn = number
density of electrons in the plasma — number density of positive ions, {/_ = velocity
of the electrons and U, = velocity of positive ions. The negative charge incident
on the surface of the grain per sec per unit area is

N, =n/* (U_—U.) . (4)
At equilibrium N! = N,. Thus equating expressions (3) and (4) we get

8 = (v—g¢)idar, (5
where

v = (kT/e)in 3A/n (U. — UL). (6)

From (5) and (6) it is seen that s is positive or negative according to as 9 < v or
¢ > v. However, for negative s equation (3) correctly describe electron emission
only if

@ = 4?71‘..-"5 3 (?)

When the condition (7) is not satisfied. the electron emission from a surface is not
thermionic emission, but field ion emission,! which is governed by an expression
different from (3). It follows equation (5) that for s < Q, s satisfies the condition
(7) provided 3A > n (U-— U;). Therefore the dust grains in the plasma can
acquire either positive or negative charges depending on whether (v —vv) 18
positive or negative. Butif 3A < n (U_ — U,) the condition (7) cannot be satisfied
and (5) does not give the surface charge correctly.

To make numerical estimates we consider a plasma of slightly ionized hydrogen.
From the Saha ionization equation, the number of electrons per unit volume in
the plasma is given by

n = (27mkT )¥ (2n, ) 1/2n — 3/26 — LT, ®)

where n = number of unionized atoms per unit volume. The velocity of electrons
in the plasma is,

U = (KT/m)'2, 9

and that of positive ions given by a similar expression is negligible. Hence from
equations (2), (8) and (9) we obtain

v=(kTje) in [ 1.42 (mKT/h? P/ n, 712 | 4 1/2e. (10)
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Unless the plasma is extremely dense the quantity inside the square bracket is positive
and the condition 3A > n (U_ -— U,) holds. The Table 1 gives the values of v
(volts) computed from the equation (10) for various temperatures and densities.
Since the work function for most common solid materials is approximately 2 — 10 eV,
it follows from the Table 1 and Equation (5), that at low temperatures and high
densities dust grains in a plasma could have negative static charges. At high tem-
peratures and low plasma densities the surface charge becomes strongly positive.
At a temperature of 104, K the total charge on a dust grain of radius 10-%cm in
ionized hydrogen (ionization energy T=13.6¢V) containg 108 atoms per cm? is approxi-
mately 10 ¢e.s.u. (a positive charge approximately 10* times the electronic charge).
Tante 1. Values ¢f v computed from equation (10} for various temperatures and
plasma densities.

T K 103 104 105
nem-3 1 105 1018 1 108 1018 g 108 1018
viY) 86 §1 72 29 209 122 222 1628 765

As the dust particles are very massive compared to the ions in the plasma, presence
of charged dust grains in a plasma cannot be demonstrated by conductivity measure-
ments of the plasma. However, it is possible to give one simple experimental fact
as evidence for the cffect we have predicted. It is well known that flames have the
power to neutralize charges on surfaces. A charged glass rod passed over a flame
gets discharged. This may be due to the presence of ions in the flame. But the in-
teresting thing to note is that even if the rod is held at a distance more than one foot
from a Bunsen flame the rod gets discharged. The mean free path of electrons and posi-
tive ions in air is very smali.* It is not possible for the ions in the flame to travel a dis-
tance one foot from the flame. Nevertheless, charged dust grains from the flame can
travel long distances and neutralization of the charged rod is due to these particles
ejected from the flame.

The effect we have described should have important astrophysical implications.
The central region of the galaxy is known to contain a tenuous plasma of hydrogen
and helium heavily loaded with dust.® Static charges on such dust grains could
assist condensation in presence of electric fields. The same process might enhance
condensation of matter to form protostars and planets,
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INSTRUCTIONS TO CONTRIBUTORS

Manuscripts and all correspondence relating
to them should be sent to :

The Secretary, Editorial Board,

Journal of the National Science Council
of Sri Lanka,

47/5 Maitland Place, Colombo 7,

SRI LANKA.

EDITORIAL POLICIES

Submission of Pagers : Papers are accepted
for editorial consideration with the under-

standing  that they have not been
published, submitted or accepted for publi-
cation elsewhere. Papers accepted for

publication may not be published elsewhere
in the same form, either in the language
of the paper or any other language, withcut
the consent of the Editorial Board.

Research papers, Papers read at Symposia
and  Reviews may be submitted to the
Editorial Board. Research papers should

describe  original investigations or techno-
logical achievements, Reviews should be
critical evaluations of existing knowledge

in a specialised field, The Journal also
accepts Short Communications. They
should be submitted if the results are of

sufficient importance to merit publication
in advance of a full paper.
Languages of Publication : Sinhala, Tamil
and English,

Referceing and Editing : All material sub-
mitted is examined by two or more
referees prior to publication. Papers are
edited to increase clarity and case of
communication, In preparaticn for  the
press, particular atteation is  paid  to
grammar and the conventions of the Jour-
nal with regard to symbols, Hlusirations,
tables, references and nomenclature,

Manuscripts submitted for editorial considera-
tion con be processed expeditiously if they
conform from the ousset (o the sivle of the
Journal. Auihors are therefore advised 1o follow
closely the form described in theve instructions.

PRESENTATION

No maximum

OF MANUSCRIPTS

length of contributions is
prescribed but  papers should be written
clearly and  concisely. All unnecessary
textual matter, figures and tables must be
eliminated. In generzl, the impersonal
form should be used.

Supplementary material  of a  detailed
nature, which is not ecssential in  the
printed paper, but may be useful to
other workers, may be deposited with
the Secretary. Such material will be
made available to other scientists on request
and a note to this effect should be included
in the paper.

The paper should he reasonably sub-
divided intc sections, and if necessary,
sub-sections. The following pattern 1s
suggested for Research  Papers (a)
Introducticn (b) Experimental (¢) Results
{d) Discussion (e) Conclusions (f) Ack-
nowledgements (g) References. In many
cases, two of sections (b), (¢) and (d)
can  be combined. When a  scparate
Discussion is used, it should not reca-
pitulate the results but discuss their signi-
ficance and relation to the object of the
work and to the work of other people.
Conclusions  should not merely repeat
preceding sections,

Special care must be taken in . citing
references  correctly. Responsibility for
the accuracy of these rests entirely with
the authers. It is the authors’ respon-
sibility to obtain writien permission to
reproduce material  which has appeared
in another publication.

FORM OF DMANUSCRIPTS
Manvscripts should be submitted in  trip-
licate — including the original typewritten
copy — tvped throughout in double spacing
on one side of the paper only. Adequate
margins should be left (4 cm) with liberal

snacing  at the top and bottom of ecach
page. The typescript should be free of
corrections.
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Headings of major sections should be
centred and sub-section headings should
be placed c¢n the left of the page. The
complete set of headings and sub-headings
in an article should be numbered follow-

ing the style adopted in this Journal
and the sct should reflect the logical
development of ideas.

Paging : Each page of the manuscript
should be numbered and the name of
the first author and page number indicated
in the upper right-hand corner of the page.
The first page should contain the article
title, the name(s) of the author(s) and
name and address of the establishment
where the work was carried out. In the
case of co-authors, respective addresses
should Dbe clearly indicated. Femzle
authers should include one of their given
names. The title should be concise but
informative, The first word of the title
should preferably be one useful in indexing
and information retrieval, Where a series
of related papers is submitted, each indi-
vidual paper should have the samie general
heading, followed by a series number and
title of the part. Any footnote to the title
should be given at the bottom of this pace

The second pzge should contain an ab-
stract (of not more than 250 words) which
should be a summary of the entire paper,
not of the conclusions alone and intelli-
gible without reference to the paper itself.
The text should begin on page three and
each subsequent major section — references,
figure legends and table legends should
begin on a new sheet,

The Jast page should contain (a) a note
as to the number of manuscript pages,
figures and fables, (b) proposed running
title of less tham 42 characters (letters
and spaces) and (c) the name and mailing
address of tie person to whom the proofs
should be sent.

Dustrations ¢ All illystrations are consi-
dered as figures and cach graph, drawing
or  photograph should be numbered in
sequence with Arabic numerals. Authors
mwist submit the original and two dupli-
cates of cach figure. Figures should be
planned to fit the proportions of the prin-
ted page (12 x 17 cm).

Figures must be drawn in Indian ink
on plain white paper or board or tracing
paper, not larger than 20 x 30 cm.
Drawings should be lettered with a
lettering set; lettering should be kept large
enough to be legible after a reducticn of 50

to 609, 1If this is not possible, all letter
and numerals must be inserted clearly and
lightly in blue pencil and not in ink.

Each figure should carry a legend so
written that the general meaning of each
illustration can be understood without
reference to the text. The amount of
lettering on a drawing should be reduced
as far as possible by transferring it to
the legend. Figure legends should be
typed on a separate sheet and placed at
the end of the manuscript.

Graphs should be plotted on white or
blue-lined graph paper or tracing cloth;
grid lines that are to be shown in the
engraving should be inked in black. The
caption of each axis should be lettered
parallel to its axis. Each figure should
be identified in the margin with author’s
name and figure number., The preferred
position  of all illustrations should be
indicated in pencil in the manuscript,

Fhotographs : Hali~tone illustrations should
be included only when essential. Good
glossy prints with sharp contrasts between
black and white areas should accompany
the manuscripts; they should not be
attached to manuscript pages. The size
should be such that when the print is
reduced to the normal size for reproduction
(12 x 17 cm maximum), the detail is still
clear. Magnification should be indicated
with a scale line on the photograph.
The author’'s name and figure number
should be given on the back of each
photograph.

Tables should not repeat data which are
available elsewhere in the paper. Each
table should be typed on a separate sheet
with  due regard fer the proportions of
the printed page. They should be

numbered consecutively with  Arabic
numerals. Tabulated  matter should be
clearly  set out snd the number of col-

umns in each table should be kept as
low as possible. Tables should have
legends which make their general mean-
ing clear without  reference to the text
and all table columns should have expla-

natory  headings. Units of measure
should be indicated in parentheses in the
heading of esch column. Veriical lines
should not be used and horizontal rules

used only in the heading and at the bottom,
A one-column table may be up to 42
characters (letters and spaces) wide. A
two-columnn table may be 90 characters
wide. Footnotes to the tables are to be
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placed directly below the table and should
be indicated by superscript lower-case
italic letters (a, b, ¢, etc.). Each table
should carry on the back of the sheet
the author’'s name and figure number.
The preferred position of tables should
be indicated in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number refer-
ring to the list of references which must be
inserted on a separate sheet at the end of the
paper. The list should be arranged in alpha-
betical order by author and numbered in
Arabic numerals. All authors’ initials must
be given after surnames. The year of
publication should follow in parentheses.
When journal articles are listed, the journal
name should be abbreviated in accordance
with the World List of Scientific Periodicals
1900—1960, 1972, 4th edn, London : Butter-
worths Scientific Publications. If the journal
is not in this list, the name should be given
in full. The abbrevizted journal title should
be underlined to indicate italic type and
followed by the volume number underlined
with a wavy line to indicate bold type, the
issue number in parentheses and then the
inclusive pages. When books are listed, the
order should be : author(s), year, book title,
volume number, edition, paginationfinclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be : auther (s) of scciion, year, the
word /n followed by author of book, book
title, volume number, edition, inclusive pages,
place of publication and publisher. The
series title of a booek should be given in
parentheses after the publisher.

Examples

Journal — AwncMmoORr, J.E., Dicks, ‘D. M.,
Evans, W. C. & Santra, DK,
(1972) Planta Med. 21(4):
46-420.,

— ScHOkMAN, D. (1966) Vegetable
growing * local and  exotic
varieties, 29p. Colombo: Agri-
culture Department.

Book

Section of

Book - ZmrNaxk, A. (1973) In Chronic
cassava toxicity : proceedings
of an interdisciplinary workshop,
London, England, 29-30 Jannary
1973, pp. 8985 Ottawa:
International Development
Research Centre. (IDRC-00g),

Fooinotes which are indispensable should be in-

dicated in the text by small superior figures and

listed on a separate page in the manuscript.

Abbreviations and Symbols recommended in
the various parts of British Standard 1991 :
Letter symbols, signs and  abbreviations
should be used. Authors are encouraged
to use the 8.1. System of units (see description
in British Standard PD 5686 : The use of
S. L Units),

Authors whose papers contain mathematical
expressions should submit a list of the symbol
used carefully and clearly indicated for the
guidance of the printer. This list will not
appear in print.

Formulae and Equations : Equations should
be typewritten and guadruple spaced. They
should be started on the left margin and the
number placed in parentheses to the right of
the equation,

Nomenciature : Scientific names of plants
and animals will be printed in italics, and
should be underlined in the manuscript. In
the first citation, genus, species and authority
must be given. e. g. Tylenchorhyachus clayioni
Steiner. In later citations, the generic
name may be abbreviated to its initial letter.
e.g. T. clayroni.

Special instructions in the ficlds of Physical,
Chemical and Medical Sciences are available
on application to the Secretary.

Shert Communications : The Journal may
include a limited number of short comnuni-
cations. Authors should submit short com-
rmunications only when they believe that
rapid publication of their results is of the
utmost importance. A short communication
must not exceed 1,200 words, i.c. 4 pages of
copy inclusive of illystrations and tables.
Short communications should be complete
in their own right and suitable for citation,
The title should indicate the centent clearly
as these papers do not carry abstracts.

Proofs : Corrected galley proofs must be
returned to the Secrelary without delay as
directed. Failure to do so will result in
delay in publication. Correction of proofs
by authers must be restricted to printer’s and
similar errors. They should be marked in
pencil.  Any modification of the original text
18 to be avoided. Responsibility for correcs
ting proofs rests entirely on the author-
though editorial assistance will be provided.

£

Reprints 3 50 reprints will be supplied free
of charpe for each article. Additional
reprints can be ordered on the reprint
order form which will accompany the proofs.
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