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Effect of Spacing and Nitrogen on Growth and Yield of Manioc,

J. Natn. Sci. Coun. Sri Lanka 1980 8(1) : 110 -

Manihot esculenta Crantz Grown as an Intercrop under Coconut
H., P. M. GUNASENA

Facuity of Agriculture, University of Peradeniva, Peradeniya, Sri Lanka.

AND

MN.T. M. H. pE Sieva anp M, P. L. D. MarTiN
Coconut Research Institute, Lunuwila, Sri Lanka.

. (Pager accepted : 14 Jannary 1980)

Abstract :  An experiment was conducted ai the Coconut Bescarch Institute of Sri
Lanka, Lunuwila, to study the effect of spacing and nitrogen application on the growth
and yield of manioc when grown as an intercrop under coconut.  Lovel of nitrogen had
no offect on tuber fresh weight yield or dry matter accumulation. Spacing had a
marked effect on tuber fresh weight vield and 0.91 » 0.61 m spacing was significantly
superior to the wider spacings tested. The reduction in leaf, stem and tuber dry
matter yields and leaf area index (L) after § months of planting indicated that variety
MU 72 reaches maturity and is ready for harvesting at this stage. Total and tuber dry
matter yvields were linearly correlated with leaf area duration (D) shewing that leaf
area is the major determinant of crop visld,

1. Introduction

Owing to the wide range of economic and agronomic advantages of intercropping
coconut Jands, it is being increasingly recognized in almost all the coconut growing
countries as against the outmoded practices of moncculture. Of the many crops
that could be cultivated as intercrops under coconut, manioc appears to be one of the
most promising crops. It is a popular root crop among many farmers. This
popularity is on account of its tuber yicld which could be obtained with comparatively
low capital expenditure, minimum possible management practices neceded by the
crops, the longer period for which the crops could be left in the soil with little or no
loss of weight, etc. The crop is also remarkable in its adaptation and when establish-
ed could withstand periods of severe drought which would have adverse cffects on
most of the crops. It is able to make use of the carbohydrates in the roots and make a
rapid start when the moisture is available. It could also be grown on a wide range
of soil types and could be filled into poor soils which gives it a comparative advantage
over most of the other food crops. There are no serious problems in its cuiture and
it is relatively free of pest and disease incidences. The demand for manioc is predo-
minant as a food crop and most of the manio¢ produced locally is utilized for human
consumption. Manioc could be used as a raw material for a variety of products
such as animal feed, starch for laundry work, paper and textile sizing and painting,
production of power alcohol, adhesives, beer and liquid glucose. Thus, it could
form the basis for a number of agro-based industries and these could create new
avenues of employment particularly in the villages where unemployment is a serious
problem.
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Although intercropping ceconut with manioc has been an age old practice, it had
been done without any scientific foundation particularly with reference to agronomic
practices when this crop is grown in association with cocorut. Due to poor culture,
the yield of manioc has been very low.  The trial reported in this paper is a preli-
minary attempt to investigate into the effect of plant spacing and nitrogen application
on the growth and yield of maniac, and these cultural practices are regarded as being
the most important in increasing the yield of manioc when grown under coconut.

2. DMaterials and Methods

The experiment was carried out during May, 1973 to March, 1974 under a mature
stand of coconut of about 60 years planied on the square system at a spacing of
7.92 X 7.92 m at Bandirippuwa Estate of the Coconut Research Institute of Sri Lanka,
Lunuwila.

The scil was a deep, well drained, brownish to yellow, to vellowish sandy clay [oam,
with lateritic gravel occurring at an average depth of 56.8 em.  Soil is classified under
the great soil group of Red Yellow Podsolic soils.

Climatic data is given in Table 1. In general, weather conditions were satisfactory
for plant growth until end of Deceraber, 1973, Thereafter, from beginning of January
to mid February the crop experienced a period of severe drought during which the
rainfall receipts amounted to only 0.05 cm.

Tapie 1. Chmatic dats, May 1973 — March 3974,

Period Rainfall, cm Temperature, °C.
Maximur Minimum
01 — i35 82 3le 256
i6 — 31 May 8.7 31.0 253
01 — 15 15.6 30.2 252
i6 — 30 June 5.6 30.5 23.6
01 — 135 8.7 302 244
i6 — 31 July 2.1 309 25.1
ol — 15 0.8 29.6 24.7
16 — 31  Augusi 5.8 30.0 25.1
Gl — 15 0.5 30.6 237
16 — 30 September 1.0 308 25.1
01 — 15 3.8 31.0 24.4
16 — 31 October 20.8 30.2 23.3
01 — 13 38.4 299 2.3
16 — 30 November 8.1 31.1 222
0i — i3 8.9 0.7 218
16 — 31 December 13.6 4.8 212
0] — 15 —_ 30.8 19.5
16 — 31 January e 31.7 20.0
01 — 15 Q.05 33.2 204
16 — 28 February 1.9 329 254
01 — 15 1.5 32.6 1.8
16 — 31 March 6.3 32.3 23.2
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The treatments consisted of 4 vlant spacings (0.91 x 0.61 m, 0.91 x 031 m,
091 % 1.21 m and 091 x 1.52m) and 3 levels of nitrogen application (44.8, 67.2
and 80.6 kg N/ha). All treatment combinations were arranged in randomized blocks
replicated three times. Each plot measured an arca of 158 X 15.2 m, which is
eauivalent to 4 coconnt squares. Half of the total dressing of N as urea {46% N)
was anplied at the time of planting while the remainder was top dressed 60 days
after planting. ANl plots reccived a basal application of 44.8 kg P,O,/ha as concen-
trated super phosphate (42% Py0,) and 112 kg K,O/ha as muriate of potash (609,
K,0). 15 cm long cuttings of variety MU 72 containing 3 o 5 buds were planted
at 2 cotfings per hill en 7th May, 1973,

The plants were sequentially sampled at monthly intervals, commencing 2 months
after planting. At each saxapling, a hill selected at random from each plot was
sampled, except at the final harvest when 4 bills wers sanipled per plot.  For each
sample, tuber fresit weight and the dry weights of tubers, steins and leaves were
determined. The leal area was cstimated by the disk metitod.®

3., Besufts aod Discussion

Tuber Data. The main =fiects of traatments on tuber fresh weight yield are given in
Table 2. Although the differences were non-significant throughout the entire period
of growth there was a arked respense to levels of applied nitrogen.  The lower level
of nitrogen reached maximum tuber fresh weight yield 6 months after planting while
{he intermediate and the higher levels of nitrogen recovded maximum tuber fresh
weight yields 7 and 8 months after planting, respectively. Each increment of nitrogen
increased tuber fresh weight yield ; the higher level of nifrogen recorded the highest
yield of tubers which was an increase of 1497 and 27 %, respectively, compared with the
intermediate and jower levels of nitrogen.

TapLt 2. Main effect of treatments on tuber iresh weight yield kgiha.

h f_evel'.(;f NI : Mahs after -pi.-'.:min;:;
Level of N 2 3 4 5 6 7 8 9 10
44.8 keNjha 209 4223 7658 16992 30332 28722 32112 27953 24396
487 S0 @71l 19057 30589 33994 32339 28389 25594

67.2 kgNia

#9.6 kgN/ha 320 4179 11698 16489 26823 37316 38586 25005 24791
LSD (P = 0.05} NS NS N3 NS NS N3 N.S DS NS
Spacing

091 x 0.6i m 123 7656 17761 23304 47847 46191 44709 | 36891 402064
091 x 091 m 185 4370 9611 20981 34375 38845 45937 33541 25123
051 » 1.21 m 382 4008 7000 16456 23635 32470 28239 20830 23789
091 x 1.52 m 272 1851 4304 Q109 11137 15871 18495 13405 11197
LSD (P = 0.05) ns 27265 7537 5821 11302 11780 11897 12950 12357

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/

4 H. P. M. Gunasena, N. T. M. H. de Silvaand M. P. L. D. Martin

Sigaificant differences in tuber fresh weight yields between spacing treatments
were recorded throughout the entire srowth except at 2 months after planting. An
increase in spacing decreased tuber fresh weight yield and the highest tuber vickd
(47,847 kg/ba or 19 tons/acre) was recorded® for the closer spacing (0.91 x 0.61 m),
The increase in tuber fresh weight between the closest and ihe widast spacing {0.91 x
1.52 m) was as high as 150% (P = 0.01) while the increase over the recommended
spacing of 0.91 % 0.91 m for crops grown in monoculture was 4 % (P = 0.05). The
data clearly indicated that a higher yicld of tubers could be obtained by growing
manioc at a closer spacing of 0.91 x 0.6]1 m when grown as an intercrop under
coconut.

The tuber fresh weight yield decreased after 8 moniths of planti ng for all treatments,
At this stage of growth leaf area index (Table 8) also decreased indicating that the
varicty MU 72 could be harvested around 8 months after planting.**  The reduction
in tuber bulking and in tuber yield after the maximum has been reached may be asso-
ciated with dry matier losses in respiration.

The mean tuber bulking rates were calculated over a period of 6 months from the
commencement of the tuber growth by using a lincar regression  equation
Y = a + bx, where Y = yield of tubers, ¢ = a constant, b = slope of the regression
and x = time. The lowest bulking rate was recorded for 0.9] s 1.52 m, followed by
0.91 % 0.61 m spacing, while the highest bulking rate was rocorded for 091 x 121 m
spacing. (Appendix, Table 3). The tuber bulking rates were lincar (R* = 67.5%)
however, unlike in the potato tuber, bulking rates were not correlated with the final
tuber yield.23 This may be due to the relatively long period of tuber bulking in
manioc when compared with potato where the peried of tuber bulking is comparatively
shoert. However, Enyi! reported a close relationship between taber bulking rate and
tuber yield in coco yams.

TABLE 3. Main effect of treatments on tuber bulking rate.

a. Nitrogen kg,-’ha,f'\;;e::k Rz_(%)_
44.8 kgN/ha 556.0 73.0
67.2 kghfha 662.4 - .0
89.6 kgN/ha 9i7.3 67.5

b. Spacing !

091 x 061 m 485.3 69.5
091 x 0.9t m 1603.2 68.1
081 x 121 m - 11333 76.6
091 x 152 m 458.7 6.6
LSD (P - 0.05) N8

*Buch a high yield estitnate perhaps is due to the small sample size.
#*Whether diiferent times of planting would give similar cbservations as recorded here nead to be
mvestigated.
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Dry matter accuniulation

Main effect of treatiuents on total dry matter yield is given in Table 4. There
were no interactions between treatments. Nitrogen increased total dry matter yield
upto & months after planting and then declined. Each inerement of nitrogen in-
creased total dry matter yield but the difference between levels of nitrogen were not sig-
nificant.  Higher level of nitrogen recorded the highest dry matter vield which was
8% and 99 more than the intermediate and lower levels of nitrogen, respectively.

Tasig 4. Main effect of treatments on total dry matter yield kg/ha.

a. Nitrogen Menths afier planting

Levels of N 2 3 4 3 6 ¥ 8 9 10

44,8 kgN/ha 982 2279 4926 8416 14343 13256 15765 12177 11774
67.2 keMN/ha 847 2671 5185 8355 13825 14559 15862 12888 12791
89.6 kghijha 952 2572 4752 8250 13184 15883 17134 13754 13206
LSD (P = 0.05) NS NS N.S NS NS NS NS N.S NS

b. Spacing

0.81 x 0.61 m 1352 3854 7338 12057 22656 20621 21534 18334 19643
091 »x 0.5i m 1052 2693 5618 9699 15324 16853 13559 14352 13432
091 = 1.21 m 728 2125 3907 6985 11165 13318 13560 12575 11730
091 x 1.52 m 604 1358 2955 4675 5992 6365 9114 6493 5557
LD (P =005) 452 1025 1919 2659 5946 4350 5127 4036 5663

Significant differences in total dry matter yield between spacing treatments were
rgcorded at all sample harvests and an inciease in spacing decreased total dry
matter vield, 0.81 x 0.61 m spacing reached the highest dry matter yield 6 months
after planting while other spacings recorded highest total dry matter yields in the 7th
and 8th months after planting. The difference in total dry matter yield between the
closest and the widest spacing was 148 %,

Leal dry matter yield increased upto 6 months after planting and declined for all
nitrogen treatments (Table 3). Each increment of nitrogen incieased leaf dry
matter yield but the differences between ireatmments were not significans at any stage
of growth. The higher level of nitrogen increased leaf dry matter yizld by 10% and
12 7, respectively, when compared with the intermediate and the lower levels of nitro.
gen at 6 months after planting.
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TapLe 5. Main effect of treatments on leaf dry matter yield, kgfha

Months afier {;ianting.

a. Nitroges

Level of N 2 3 4 5 6 7 8 9 i0
44.8 kghiftha 226 504 703 635 1730 1354 1452 G603 350
57.2 kgN/ha 245 545 720 664 1697 1467 1660 545 363
89.6 kgN/ha 235 558 665 678 1838 1543 1296 587 339
LSD (P =005) NS NS N5 N.S NS NS NS NS NS
b. Snacing

051 x 061 m 346 827 10354 984 25834 1903 2040 207 563
091 x 09I m 242 562 304 675 1382 1923 1992 631 506
091 » 121 m 203 444 527 609 1527 1206 1056 575 258
091 x 1.2 m 151 310 402 367 116 684 589 300 157
LSD (P = 0.05) 104 187 N3 208 792 529 496 283 i34

Maximum leaf dry matter for spacing treatments was recorded 2t 6 months aftor
planting except for the 0.91 x 0.91 m spacing which recorded maximum leaf dry
matter two months later. The maximum leaf dry matter recorded for the closest

o

spacing (0.91 x 0.61 m) was 2834 kg/ha, which was an increase of 429, 3 % and
2657, respectively when compared with the wider spacings in an increasing order.
This was due to the direct effect of plant population, more plants per unit area progres-
sively increasing the leaf dry matter yield. The decrease in leafl dry matter yield

6 months afier planting was due to rapid defoliation.

Nitrogen increased stem dry matter yield upto 9 months from planting und then
declined (Table 6). Significant differences between treatments were recorded at ihe
9th harvest taken 10 months after planting when the intermediate and the higher
levels of nitrogen were significantly superior (o the lower level of nitrogen ( P = 0.05).
The reduction in stem dry matter yield after 9 months could be regarded as an index
of crop maturity as the fresh weight yield of tubers also have declined after this stage
of growth.

A decrease in spacing increased stem dry matter yield due to the production of
more stems per unit area. Similar to that of the level of nitrogen, the maximum stem
dry matter yield for all spacings weee recorded at 9 months after planting. The
highest stem dry matter yield recorded for the closest spacing (0.91 x 0.61 m) was
6280 kgfha, this being an increase of 1479% compared with the widest spacing
(091 x 1.52 m).
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TanLe 6. Main effect of treatments on stem dry matter yield, kg/ha.
a. Nitrogen Months after planting
Yevel of N 2 3 4 Py 6 7 8 9 10
44.8 kgN/ha 718 1067 2356 2944 4928 2965 3355 4002 29646
67.2 kgN/ha 533 1271 1987 1218 5176 2903 3553 4036 4256
89.6 kgN/ha 667 1275 2019 3024 4872 2844 3602 4166 4054
1SD (P = 0.05) NS NS N.S N.§ NS N.S N.8 N.S 744
b. Spacing
091 »x 0.61 m 953 1895 3094 4329 8332 4522 5536 6280 5576
091 x 091 m 720 1267 2375 3933 5594 3037 3571 4290 4508
091 x 121 m 471 504 1571 2332 3742 22486 2758 3159 2920
091 = 1352 m 414 754 1442 1623 2300 1812 2149 3543 2078
LSD (P = 0.05) 355 509 737 1180 815 230 374 905 859
Nitrogen had no significant effect on tuber dry matter vield (Table 7). Highest

tuber dry matter yield for all nitrogen kevels were recorded at 8 months after planting.
The mezimum tuber dry matter yield was recorded for the highest level of nitroges
(12,592 kg/he) was only 2% more when compared with other levels of nitrogen.

Tavre 7. Main efect of treatments on tuber dry weight. kg'ha.
7 ?\I_it_rﬁgan Months after planting >
Level of N 2 3 4 5 6 7 8 9 1}
44.8 kgnjha 38 706 1§68 4838 7680 §905 11048 7542 8418
7.2 kgMNjba 69 833 2471 4474 6952 10189 9947 9307 8135
89.6 kgiN/ha 50 876 2068 4574 6474 11595 12252 9002 8768
LS (P = (.03) NS NS N.5 N.B N.S NS NS NS NS
b. Spacing
0.1 x 0.61 m 54 1030 3190 6743 11490 14494 13958 11208 13504
5061 7487 11932 14434 9433 8417
091 » 091 m 62 B64 2434
0.91 % 1Z1 m 54 0T 1809 4023 5896 9724 G768 8845 3513
091 x 1.52 m 39 294 1110 2686 2909 5069 6171 3650 3329
503 1156 1745 3713 4266 . 1572 3841 5492

1SD (P =0.05)

N.&
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The tuber dry matter vield increased progressively and reached a peak value betwesn
the 7th and 8th months after planting and then declined. An increase in spacing
decreased tuber dry matter yield. The highest tuber dry matter yield was recorded
for 0.91 x 0.61 m at 7 months after planting. There was no significant difference in
highest tuber dry matter yield between 0.91 x 0.61 m and 0.91 x 0.9] m, but both
these treatments were superior to the other wider spacings. The closest spacing
increased tuber dry matter yield by 135% when compared with the widest spacing
(0.91 x 1.52 m).

Leaf area index, 1.

Leaf area per unit arca of land, the leaf area index was increased by nifrogen applica~
tion (Table 8). The highest level of nitrogen had a2 maximum L value of 6.57, this
being an increase of 18 7% and 21 % when compared with the intermediate and lower
levels of nitrogen.

TaBLe 8. Main effect of treatments on leaf area index, L.

a. Nitrogen Months after planting

Level of N Z 3 4 3 6 7 8 9 16
44.8 kgN/ha .78 1.61 2.29 204 4.68 517 542 .98 1.00
67.2 kgN/ha 0.9 222 2.26 2.27 4.75 5.52 5.56 2.04 1.02
89.6 kpN/ha 3.89 238 2.30 2.24 5.01 6.57 5.03 200 1.15
LSD (P =0.05) N.S NS N.S NS N8 N.S NS N.8 N.S
b. Spacing

091 x 0.61 m 1.28 3.54 3.38 2.96 1.96 8.30 7.67 2.56 147
091 % 091 m .79 2.19 2.72 245 5.00 7.49 6.42 2.35 1.28
091 x 1.21m 0.74 1.56 1.64 1.98 3.85 4.96 4.19 1.90 0.84
091 x 1.2 m 0.62 1.38 1.48 1.33 2.44 3.26 3.07 1.22 0.64

LSD (P =0.05) 0.40 1.00 0.89 0.69 2.26 225 1.72 N.S 0.54

The closest spacing (0.91 x 0.61 m ) had the highest L and this value was reached a
month in advance of the other spacings. This could be attributed to the increase in
shoot number resulting from the higher plant population. The maximum L recor-
ded for the closest spacing (0.91 % 0.61 m) was 7.96 followed immediately by 7.49,
4.96 and 3.26 for the other wider spacings in an increasing order. After the 8th
month of planting, defoliation was rapid and L declined quickly, but the population
effects persisted until the final harvest was made 12 months after planting. This
would mean that the tuber bulking will be reduced after 8 months of growth due to
the reduction in L, leaf being the most important organ in manioc,
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Leaf area duration (D)), the integral of leaf arca index with time was calculated
from the first sample harvest taken 2 months after planting to the final sample
harvest made 12 months after planting (Table 9). Each increment of nitrogen in-
creased D. The closest spacing (0.91 x 0.61 m) recorded the highest D, foliowed by a
progressive reduction in D as the spacing increased.  The total and tuber dry matter
vields were linsarly correlated with D, and these relationships couldfbe reprssented
by the cquations ¥ = - 15743.0 4- 9347 D (P = 0.01)and ¥= - 12746 + 56.73 D,
(P = 0.01), D accounting for 979, and 869, of the variation in total and tuber dry
maiter yields respectively. Similar relationships between D and total and tuber dry
matter vields have been reported for other root crops such as the potato? and Coco
~yams.! The results reported supports Watson's’ contention that leaf area is the chief
determinant of crop yield.

TasLE 9. Main effect of treatments on leaf area duration, D.

. % increase/decrease with
a. Nitrogen D, weoks mereasing level of
nitrogen or spacing

44.8 kgN/ha 97.52 —
67.2 kgN/ha 106.28 8.6
89.6 kgN/ha 108.00 10.7
b. Spacing

091 x 0.6]1 m 146.66 —-
091 « 09l m 118.42 19.3
091 x 12 m 83.48 43.1

091 x 132 m 59.24 55.6

The tubers of a single replicate harvested B months after planting were analysed for
hydrocyanic acid content. The values 1anged between 0.050%, t0 0.053% in fresh
peeled tubers which according to Singha and Nair ¢ is innocuous,
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Economically Useful Plants of Sri Lanka.
Part ilI*. A Phvtochemical Screening of One Hundred
Medicinal Plant Materials from Ayurvedic Shops

A, A. L. GUNATILAKA AND S, SOIHEES\VARAI\
Depar!merxt of Chemistry, University of Peradeniva, Peradzniya.

{Paper accepted ; 14 January 1980)

Abstract : Over one hundred medicinal plant-materials from Ayurvedic shops have
been screened for the occurrence of alkaloids, saponins, steroids/terpenoids, cardiac
glycosides and flavonoids. Therapeutic significance of these classes of compounds
are outlined and wherever possible the traditional medicinal uses of these plants are
discussed with reference to the class(es) of natural product(s) detected in them.

1. Introduction

In 8¢l Lanka, various systems of indigenous medicine utilising medicinal plants are
widely practised. This is true especially in rural areas, Even in gertain parts where
modern health care is readily availahle, traditicnal and indigenous systems of medicine
have co-ex’sted for many decades. In fact, it has been estimated that the traditional
system of medicine in Sri Lanka meets the basic heaith needs of ubout 709, of the
population.?t

The therapeutic value of medicinal plants is no doubt due to the presence of bio-
logically active natural products. The goal in investigating plants for biclogically
active or medicinally useful compounds should be to isolate the one or more
constituents responsible for a particular activity. Farnsworti points out® that in the
phyiochemical investigation of a particular plant phytochemical screening techniques
can be a valuable aid. It is valuable as reiiable methods are available for the detection
of some important classes of biologically active p},ytomnsmuents such as alkaloids,
saponins. cardiac glycosides, stercids/iriterpencids and flavonoids.”

Two systematic phytochemical surveys of Sri Lanka planis for alkaloids have been
reported.’®1®  Although several medicinal plants were included in the above studies
many were left put.  Thouph alkaloids have bien recognised as an lnportant class of
pharmacologiczlly active compounds,? no systematic survey of Sri Lankan medicinal
plants for ulkaloids has been conducted hitherto ; neither has it been done for the
other biologicaily active phytoconstituenis mmentioned earlisr,

As a part of our preliminary study of econontically'! and mﬂcncmailym useful plants
we have initiated a phytochemicul screening of medicinal plants and herein we report
our results obtained on over one hundred medicinal plants commonly empioyed in
Sri Lanka.

*For Part Zsec A. A. L. Gunatilaka, 8. Sotheeswaran and S. Balasubramaniam, J. Nain. Sci. Coun.
Sri Lanka, 1978, 6, p. 121-128.
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2. Experimental

All plant materials were purchased from Ayurvedic shops in Kandy. Wherever
possible the part of the plant was identified and was then powdered in a mill.

2.1 Extraction of plant constituents

The powdered plant part (100g,) was extracted with about 300 mi of rectified spirit in a
conical flask. A filier funnel was placed into the neck of the flask which acted as a
condenser to prevent evaporation of solvent. After about one hour of refluxing on a
steam bath, the flask was cooled to room temaperature. The mixture was filtered and
the plant material was washed with ca 50 m! of fresh rectified spirit. The total volume
of the extract was measured and portions were used in the sercening tesis.

2.2 Screening for alkaloids

A volume equivalent of 50g of plant material was tvaporated to dryness. 2N-HCI
(10.0 ml.) was added and the mixture was heated on a steam bath for 5 min, with
stirring. This was filtered and was divided into four equal paris in separate test
tubes.

(@) A few drops of Mayer’s reagent were added to one of the test tubes and was
observed for slight turbidity (-+), definite turbidity (-} or heavy precipitate
(+ ).

() A few drops of Wagner’s reagent were added to the second test tube and
observations were recorded as in (a).

If no precipitate or turbidity was observed in either of the two test tubes, then
alkaloids were assumed to be absent from the plant material being examined.

If positive results for Mayer’s or Wagner’s tests were noted then the two remaining
fractions were combined, basified with concentrated ammonia (pH = 9) and the
solution was extractcd with chloroform. The combined chlorcform extracts were
dried (MgSO,) and the concentrated solution was subjected to a thin layer chroma-
tographic (TLC) examination. The developer solvent was either chloroform-
methanol (9 : 1) or chloroform-methanol (19 : 1). The TLC platss were sprayed
with iodoplatinate or Dragendorff reagents.

2.3 Screening for Saponins

Froti Test : The plant material (100 mg) was taken in a test tube and water (10 ml)
was added. The mixture was shaken vigorously.  If a froth formed remained 3 cm
above the water level for more than 1/2 hr, the test was considered positive.
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Haemolysis Test :  Only froth positive plant materials were subjected to this test.
A medium double layered plate of 5 % bovine red-cell suspension in isotonic phosphate
buffer of pH 7.4 in 1.5% agar-buffer was overlaid on 1.5% agar-buffer. A disc of
filter paper was saturated with the plant extract dissolved in phosphate buffer, and was
placed on the surface of the well dried agar plate. The disc was left for 24 hr, and
was observed for haemolysed zone, if any.

A plant extract which arswered the fioth, hazmolysis and the Liebermann-Burchardt
test (see below) was congidered to contain saponins.

2.4 Screening of Steroids/Triterpenoids

Salkowski Test : A volume equivalent to 10 g of plant material was evaporated to
dryness. The residuc was stirred with light petroleum (10 mi) and the organic layer
was discarded. The residue was dissolved in chloroform (10 mi} and was divided into
three test tubes,  One test tube was held at an angle of 45° and 2 ml of conc. H,SO,
was allowed to run down the inside of the test tube. Sulphuric acid was gently
mixed and a cherry red colour if formed was considered to be indicative of the. pre-
sence of unsaturated steroids. The solution in the second test tube was used as a
reference solution.

Liebermann-Burchardt Test : To the third test tube about three drops of acetic
anhydride was added. After mixing, one drop of conc. H,50, was added and after
further mixing the colour changes were observed immediately and over a period of
one hr. The presence of a bluish-green colour was considered to indicate the presence
of steroids whilst a red. pink or violet colour was considered to indicate the presence
of triterpenoids. A pale yellow colour was considered to indicate saturated sterols/
triterpenes.

2.5 Screening for Cardiac glycosides

If Salkowski and Leibermann-Burchadt tests gave positive results, then the Kedde
Test (for the presence of unsaturated lactones) and Keller-Killiani (for the presence
of 2-deoxy sugars) Test were performed. If the latter two tests were positive then
the plant extract was considered to have cardiac glycosides.

Kedde Test :

On the centre of 4 piece of filter paper 0.2 ml of the rectified spirit extract of the plant
material was placed and a circular chromaiography was peiformed with chloroform
as the devoloper. The paper was dricd and was sprayed with the Kodde reagent (2 A
methanolic solutions of 3, 5-dinitrobenzoic acid mixed in equal volumes with 2N
KOH). The paper was air dried and the formation of a purple spot was considered
to give a positive resuit.
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Keller-Killiani Test :

The original rectified spirit extract (10 ml) was evaporated to dryness. The dried
extract was defatted with light petroleum. The residue was treated with 3 ml of
the FeCl, reagent (0.3 ml of 109 FeCl, in 50 ml of glacial acetic acid). The test tube
was held at an angle of 45° and 2 ml conc. H,SO, was added carefully along tie wall
of the test tube. If a purple ring was observed at the interphase, this was considered
to be a positive response to the Keller-Killiani test.

2.6 Screening for favonoids

A volume equivalent to 3g of the plant material was evaporated to dryness. The
residue was de-fatted with light petroleum and was dissolved in 2 ml rectified spirit.
The solution was divided into two test tubes. To one conc. HCI (0.5 ml) and ca
three magnesium turnings were added and if an exothermic reaction occurred the
test tube was cooled and was shaken with octanol. The colour of the solution was
observed and was compared with the colour of the solution in the second test tube.
A colour change to orange, r¢d, crimson within ten minutes indicated the presence
of flavonoids in the piant extract,

3. Resulis and Discussions

All plant materials were purchased using their Sinhala names. Their probable
botanical names, synonyms and Tamil names were obtained from published works
{see Table), which give these names as against the Sinhala names. However, for the
following plant materials sold no botanical names were available : agil, heen-aratha,
kurasaani, maha-aratha, morawessa, thuvarala, walangasszal and wal-anoda. In
some instances an accurate assignment of the botanical names was not possible, as a
number of species belonging (¢ a single genus bear the same Sinhala name (e.g. all
Sida species are called bevilgs).

In each case the plant material was extracted with hot rectified spirit and the extract
was subjected to a phytochemical screenins for alkaloids, saponins, sterpids/triter-
penolds, cardiac glycosides and flavonoids by the method of Farnsworth and co-
workers.” The results of the screening of one hundred and four medicinal plants are
presented in the Table which gives also the medicinal uses of these plants.

Out of the 104 samples tesied, 68 (ca 65%) were shown to be alkaloid positive.
The probable number of alkaloids present in each extract was obtained from a TLC
znalysis and is indicated in the Table 1. The incidence herz is very much higher than
the estimated distribution of alkaloids in vascular plants (i.e. ca 159 t0 20 9008 [t is
possible that alkaloids may be responsible for the pharmacoelogical action of the majo-
rity of plants included in this study. The negative alkaloid rezction obtained for
Sida rhombifolia (Malvaceas) is surprising as this species has been reported to contain
alkaloids.’2 Tt is possible that either the alkaloid content was below the detectabie
level or that this is a case of mistaken identity.
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Phytochemical Screening of Medicinal Plant Materials
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Only 16(ca 15 %) plants screened were found to contain saponins and 18(ca 17 %) of
them showed a positive response for cardiac glycosides. However, 62(ca 59 %)
species gave a positive test for triterpenoids/steroids.  Since saponins and some
cardiac glycosides may answer the Liebermann-Burchardt test employed in the screen-
ing for triterpenoids/steroids, it was not possible to find out whether triterpenoids/
steroids were present in addition to saponins and cardiac glycosides in samples showing
positive Tesponse to this test.

Although the value of saponins as medicinal agents is open to question, the econo-
mic importance of steroidal sapogenins, mainly because of their facile conversion to
the medicinally usetul steroid hormones is well documented®!! and recognised.
However, by the procedure employed in the present study the steroidal saponins could
not be differentiated from the tcrpenoid saponins.

The importance of cardiac glycosides as medicinal agents requires no elaboration,
However, there has not been much effort to seek newer and better agents of this type
in the plant kingdom by means of phytochemical screening programmes. Neverthe-
less a few surveys have been conducted in which plant extracts were evaluated bio-
logically for cardiotonic activity.’%*® In the case of cardiac glycosides, the minimum
structural features required for this biological activity are so well defined that the
chemical methods of detection are acceptable.® There are two groups of cardiac
glycosides viz. cardenclides and bufadiénolides. Of these, the cardenolides are the
most commonly encountered and most useful as therapeutic agents.

Out of the 104 samples screened, 42(ca 409} showed the presence of flavonoids.
More than thirty three different biological activities are reported for some 30 of 137
known natural flavonoids.2® These, as well as the more recent claims about the
antiviral,'” anti-inflammatory,® and cytotoxic properties' of flavonoids have made it
worthwhile carrying out surveys for this class of compounds. In our screening, some
of the medicinal plants with alleged astringent properties showed a positive reaction
to the test for fiavonoids. Though tannins are known to be responsible for this
property in plants, it is possible that the presence of flavonoids may also account for
this property.

Five medicinal plant materials included in this survey viz kotikan-bevila (Sida
rhombifolia), atiudayan (dconitumi heterophylium), sudu-handun (Santalam album),
maha-aratha and walangasaal, showed negative 1esponses for all the five classes of
natural products. It is possible that either these classes of natural products are
present in small concentrations or that their medicinal properties are dus to some other
classes of natural product(s).

It was stated above that a confusion exists about the botanical identification of
medicinal plants sold at the drug stores. Pavetra (Pavetia indica) sold by Ayurvedic
drug dealers was found chemically io be Adathoda (Adathoda vasica). To check
this, a pharmacognostic investigation of the sample sold as pavetta was undertaken.
The major alkaloid isofated from this was found to be vasicine (1), which compared
well with the major alkaloid of Adathoda vasical? Pavetta indica collected by us did
not contain any vasicine 2nd further work is in progress to isolate and ilentify the major
alkaloids of Pavetta indica. Such nomenclatural confusion may exist with other medici-
nal plants as well. For instance, the plants sold as nerenchi and gokatu in Ayurve-
dic shops in one botanical assignment,? are given the same species name viz Tribulus
ferrestris. A pharmacognostic study of all the Ayurvedic drugs is therefore timely.
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Conditionally Infinitesimal Systems of Random Variables
K. 1. D. GUNAWARDENA*
Statistical Laboratory, Departrment of Mathetm{:‘c_s..Urziv.:{rs:‘ry of Manchester, England,

(Paper accepted : 16 Janugry 1980)

Abstract : Infinitestimal systems of random variables, defined for a sequence of
Aindependent random variables are an important class of random variables in Probability
Theory. In this paper, conditionally infinitesimal systems are defined for a sequence of
dependent randem variables and some properties are obtained.

1. Introduction

Lot § 10X, o ) P lersd, 20t kit Qe be a double sequence of random
variables which are row-wise independent. That is forn =1, 2...... ; ky > 00 as
n — oo and for every n (which denotes the row) th: random variables X, ;. D (AP
X,k aTe independent.

Definition 1.3

A sequence of independent random variables { { X, } } is said to be infinitesimal
if for every sequence of integers & which satisfy 1 < k < k, for all »n we have,
X, —~0 in probability as # — oc. :

Notation.
Xn -~ 0 in probability as n —oc will be written as X, R e

Consider a double sequence {{ X,,}} k=1, 2....,k, ; n=1, 2.
random variables. For every k(1 < k< k,) and n=1, 2.... ‘we have an
increasing sequence of o -—fields Fo < F,; «...... < F, k, such that every
KXoy 18 Fpp, measurable.

We shall extend the definition 1.1 to a sequence of dependent random variables
and define “conditionally infinitestimal’” as follows.
Definition §.2

A sequence of random variables{ { X, , } is said to be conditionally infinitestimal if
q L n;k y

max P(| Xay| > e Fypy) )

I g k< k,
for every ¢ > 0.

H —co
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If the { { X, } } are independent then it can be shown that the above definition is
equivalent to definition 1.1 and in the general case implies it. [3]

2. Egquivalent Definition and Properties.
Lemma 2.1

{{ Xax } } 1s conditionally infinitesimal if and only if

1 A!Z ]
max E (._._._".’.“_._ | Fm_l)

- 0 2
1g<k<hka M4 X @

n oo

Proof :

Let F(x} F,,, ) be a regular conditional distribution for X, given F .. [1]

o0

szk ) xz
E (____..__.2__. [ F ey T Fdx| Foury)
i '!" X a8,k
-~ O
< f Xzi;‘(dxfpn,k—i)’{"j Flds| Foya)
Ix| g e (x| > e
< @+ P(] Ko ] > €| Fayy) ©
Taking max and first letting n —» o0 and then ¢ - 0 in (3) we get (2) if (1)
1< k< k,

is true.

inak' : xi
Ao B ([T | P ) >[5 Fd| Fad)

Xn,k l+x
| x| >«
€2 :
> o ] Flds| )

| x| =€

= 1_‘_ ‘;P(JX,;;I > e | Fiyy)

Hence

K L ]ofie? | Xu,k e
P(Iankl)eli‘n;k“lj‘é 'E(l """" 3 i}'n!k“‘l)

el
which implies (1) if (2) is true.

Note: If the {{ X,, }} are independent then lemma 2.1 reduces to lemma 1,2
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Conditionally Infinitesimal System: 33
Theorem 2.2

If the double sequence { { X, } } of non-negative random variables is conditionally
infinitestimal then for every t > 0.

ot P
max (E(l e PMan | By j———0
1€ k< ky AR
Proof :
(3]
E(l—e Xnx ! Foy) sz(l—e Xy F(dx | Fopq)
0
15 o s
== [( =t _IX]F{ d.(] Fn,k—l) B j ( I} =2y i } f'j(dx | Fn_-‘,;—1 )
o €
L te+ Pl Xoy| > €l Fopyq) {4)

Theorem 2.2 is proved by taking max and first letéing n — oo and then e — 0 n (4),
1< ks,

Theorem 2.3

if’ the double sequence { { X, , |} is conditionally infinitesimal then

it
max | E(e "Xk _1|Fo, ) —— ),
1<k<k. ( e b TR
Proof ;
o2
ity 4
. !!E(e }fnskn-]an!k._l):i—.:{j(eitxr_l)};-(dxl[?n,kul)|
—oD

< f e™ =1 | Pldx | Eqoy) + fjei“—l | F(dx | Fopy)
jx[<e fx] > ¢
Se[t]+ 2P ([ Koy | > €| Fopy) (5
The proof of the theorem is complete by taking max first letting n -» o0 and then
1< k<ky
e =0 in (5)

Note : If the {{ X, | } are independent theorem 2.3 reduces to Thoorem 1.2
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14 K. L. D. Gunawardena
3. Generalization of resulis in Section 2 to d — dimension (d > 1)

Let {{ X, } } be a double array of R% valzed random vectors.

Definiticn 3.1

A sequence of random vectors { { X, ; } } is said to be conditionally infinitesimal if
and only if

o
ma P K] > €] Foy) o0 ®
for every € > 0, where || x [| = (%2 + x2 + ... + xa?) S for x = (%, x;......, Xg)
e Rd.
Lemma 3.2

{{ Xa,}} is conditionally infinitesimal if and only if

P
- JFn,k—"l) ?1~— 0.

_X
I

|
i A,k H“ > 00

max /
Al

< k< ky
Theorem 3.3

If the double array {{ X,x } } € R + d is conditionally infinitestimal then for every
te R + 4

£ P
max E(l—e (LX) | F ) ——=0.

1€ k<gk, v

Leinma 3.2 and thecrem 3.3 are muitidimensiopal versions of femma 2.1 and
theorem 2.2 1espectively and the proofs are similar to the proofs in one-dimensional
case.
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Studies on Mucuna Species of Sri Lanka
1L The L-DOPA Content of Seeds
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Colombo 7, Sri Lanka.

{Paper accepted :@ 16 Janwary 1980)

Abstract ;:  Several local selections of Mucuna were investigated for L-DOPA content.
'The most promising type was a selection of Aducuna atterrima which contained about
4.5% L-DOPAinits seed. The L-DOPA could be recovered at §6 % efficiency provided
the seeds are fresh and used immediately after powdering. Climatic factors appear
to have little or no effect on L-DOPA content znd succeeding penerations appear not
to vary significantly from the parent plant with respect to this parameiar.

1. JIrtreduction

3-(3, 4-dihydroxyphenyl)-L-alanine (L-DOPA) is =z drug, used for some years in the
treatment of Parkinson’s diseasc.? More recently this compound has found appli-
cation in the treatment of mental disorders.®  As a result of ite importance as a drog
considerable attention has been paid to its cccurrence in plant material,

L-DOPA was first isclated from Vieia faba as eerly as 19135 In 1971, Daxenbi-
chler et al? screened 724 species (from 447 genera and 135 families) and found
L-DOPA only in 4 legumes specics (Mucuna, Dolichos, Baptisia and Vicig). Previously
L-DOPA had been reported in Lupinus Euphorbia Rebinin® and Sarothamnus®
species. However, all studies including that of Belf and Janzen?, showed that only
Mucuna had sufficient levels for conmercial exploitation. The studies of Bell and
Janzen? showed that 6 species of Mucuna had L-DOPA contents of more than 5%.
Further, Daxenbichler? screcning plants from 5 different countries (3 continents)
reported that M. arterrima selections had L-DOPA levels of 4% to 59.

In this study, local Mucuna specics have been investigated for the first time for
L-DOPA content. The primary aim being to collect information on the factors

affecting L-DOPA content of Mucuna seeds in order to study the feasibility of setting
vp an indusiry i Sti Lanka, for the commercial extraction of L-DOPA.

2

2. Experimental

2.1. Plant Material

The original seed material was collected from different parts of the country either
during field surveys or through inteimediate sources. All types containing viable
.seeds were grown in experimental piots located at the CISIR. The plants were grown
under controlled conditions using supports for the clitaber to ascend.
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2.2. Tdentification of Plant Materiai.

A major problem of this study was the lack of authoritative identification of the
plant material. Very little documentation on the taxonomy of Mucuna is available,
both in Sri Lanka and abroad. However with the limited quantity of available
data, 4 of the collected varicties were identified. They were (1) CISIR code No. A
(sce results)}—a M. atterrima selection (2) CISIR code No. L—a M. utifis selection,
(3) CISIR code No.R—a M. deringian selection. (4} CISIR code No. B. M, nivia.

For this rcason, all varieties are described here with code numbers. A detailed
description of the plants have been communicated elsewhere.! All plant specimens
have been sent to Kew, Royal Botanic Gardens, who due to controversy in classifi-
cation have advised the authors to retain CISIR classification number and herbarium
specimens. Experimental plants arc also be'ng maintained at the CISIR.

2.3. Extraction of L-DQPA.

L-DOPA was extracted using 0.259% acetic acid as described previously.?
2.4. Assay of L-DOFPA.

L-DOPA was assayed by the method of Daxenbichler* as modified by Pieris.
2.5, Recovery of L-DOPA.

L-DOPA was recovered after deproteinising, concentrating under vacuo, decolouri-
sing and further concentration. This concentrate vields crude L-DOPA on cooling.
The purity of the recovered L-DOPA was of the order of 90% (determined by UV
absorption?).

2.6. Purification of L-DOPA.

L-DOPA was purified by recrystalisation from a water-ethanol mixture. The purity
of the product was at least 98 %, The UV and IR absorption spectra were identical
with that of authentic L-DOPA (obtained by courtesy of Dr. N. R. Farnsworth,
Academy of Sciences, USA). Thin layer chromatography (cellulose) with ethyl
acetaic : acetic acid : water (10 : 3 :6) as solvent gave a purple spot with
ninhydrin reagent with a Rf value identical to authentic L-DOPA. The melting point
of the L-DOPA {isolated) was 282°C (lit. 283°C to 286°C).

3.  Results
3.1. Selection
Seeds of 19 difierent Mucuna plants from varying parts of the couniry were collected
and analysed for L-DOPA content, by the UV Absorption method.? These selections
fell into at least seven different morphological types. Results, shown in Table 1,
clearly illustrate the wide variation in L-DOPA content of the selections.
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TapLe 1. L—DOPA Content of Different Selections of Seeds.

Mucina Average seed Percentage L-DOPA

CISIR Code No. Colour Weight (g) {on dry weight)
A Black 1.20 4.2
(M. atterrima)
B Groy 1.00 2.5
(M. nivea)
R Greyish brown i.10 1.6
B2 Black 0.90 23
C Black 0.85 28
D Mottled brown 0.75 22
on grey
E Mottied brown 0.70 s
On Bgrey
F Black 0.80 2.2
G Black N.D. 4.4
H Rlack N.D. 3.7
i Black 0.85 3.8
J Black 0.65 34
L Black 1.00 4.1
(M. utilis)
N Mottled brown 1.15 42
on grey
0 off-white 0.50 2.8
P Black 0.95 4.5
Q Brown-black 0.70 2.3
R Mottled black 0.80 27
(M. deringiana) on grey
T Black 0.80 i 4.1

N.ID. — Not determined.

3.2. Recovery of L-DOPA.

Efficiency of recovery of L-DOPA varied to a great extent and appeared to depend on
a number of factors mainly,

(@) age of sceds
(6) L-DOPA content of the seeds.

When the seeds were old, low recoveries were obtained and in all these cases the
cotyledons were discoloured and extracts therefore highly coloured. Both factors
arc illustrated by results shown in Table 2.
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TasLe 2. Factors affecting L-DOPA Racovery

Batch Code

L-DOPA content Recovery
(%) %
Fresh seeds
A 4.2 31
J 34 76
Q 4.3 80
B 1.6 26
B 2.5 17
C 2 25
*Old Seeda
G 4.4 No Recovery
H 23 17
N 4.2 29

*Jid seeds refer to the seeds that are discoloursd and at loast
six months old. The fresh seed was obtained directly from the
+

tree.

Another factor that affects both L-DOGPA content and recovery is the time that
clapses between powdering of seeds, and their cxiraction with acetic acid. Losses of
the order of 15%, (one week) and 309% (3 to 4 weeks) have been obsetved.

The maturity of the seeds used and their mode of drying (sun drying or oven dryin g)
had no effect on hoth L-DOPA ceontent and recovery.

In an industrial process, materials of construction are of considerable importance.
Metals were found to have a profound adverse eifect on L-DOPA recovery ; use of
Cu, Zn, Fe, Mi, Sn in fine powdered form all caused oxidation of L-DOPA and there-
fore low recoveries, The only metal used which did not effect recovery adversely
was Al

3.3. Effect of Propagating Seeds of known- L-DOPA confent pnder different
Conditions.

The variation in climatic conditions appeared to have little effect on the average
L-DOPA content. Plants of the new generation planted at CISIR had approximately
the same L-DOPA content as the respective parent plant. Studies showed that
L-DOPA content does not vary much in the first two generations. When subjected
to detailed study M. arterrima showed the following. In the first generation when
the individual plants were grown under different conditions which resulted in different
habits and L-DOPA content ranged from 3.0%; to 4.8 %. It is interesting to note that
the plants grown on supports gave values of 4.5, 4.2 and 4.8 while the plant allowed
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to trail along the ground (without a suppeort) gave an L-DOPA content of only 3.4%,
In the next generation 21 plants were studied and only 3 of them showed abnormg]
L-DOPA contents. Two were low (3.4% and 3.6 %) while one plant gave seeds with
a high L-DOPA content of 6.1°%. Mean L-DOPA content of the seeds of separate
plants was 44 + 0.5,

4. Discussien

Although the presence of L-DOPA in Mucuna has evoked some interest due to its
possible role as a chemical barrier to insect attack® the main investigations on this
subject has been nearly confined to the extiaction of this compound for use as a drug,

While considerable data on the L-DOPA levels of several tropical varieties of the
species is available, the local Mucuna varictics have not been investigated previously
This is indeed surprising as the seeds of many local varieties (notably varieties similar
to B and R) have been used for some time in Ayurvedic medicine in Sri Lanka,

The primary aim of this study was to determine the L-DOPA content of local
varietics, Here, L-DOPA content of the seeds of the varieties collected (excluding
seed coat) was determined by the UV absorption method. It should be noted that
the L-DOPA value given inciudes the tetra-hydro isoquinolizes reported by Daxen-
bichler* (which are generally present at lovels of less than 0.3%).

Only 6 selections contained more than 4% L-DOPA., Of these, the high seed
yiclding type A was seiected for further study. This plant was found to produce
0.5 kg to 1 kg seed per plant when planted 2 meters apart on supports. It had
been identified as a variety of M. atterrimal

Studics showed that L-DOPA content did not vary significantly with both (i) the
location of cultivation and (if) from generation to generation. The other factor that
appeared to affect L-DOPA levels was the habit of the plant where it was found that
supports are necessary for both high yields of seed and high L-DOPA content.
The only other feature worthy of note was that one plant produced seeds with a
rather high L-DOPA content (6%,). Maturity of the seed (unlike previously reported)
had no efiect on L-DOPA levels.

The optimum conditions of extraction (including acetic acid strength and volume
and time of extraction) have been reported previously.” It is now reporied that
L-DOPA can be eatracted at 809 efficiency using this method, provided the seeds
are fresh and are used soon after powdering. It is very likely that L-DOPA is lost
through oxidation on keeping.

Conclusions reached from this study inciude the point that the local requirement
of L-DOPA (approx. 100 kg) can be produced by the culiivation of a mere 10 acres
of this plant, the only major problem encountered so far being the susceptibility of
most Mucuna varieties to a inosaic virus.
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Abstract :  Conventional methods which have used single incubation periods for the
study of aflatoxin production in solid substrates, have the disadvantages of not taking

into account, significant variations of toxin content that occur with time. A single
step method, using a double layered composite medium is described here for the
determination of the maximum quantity of aflatoxin accumulated in experimentai
culture. This method is based upon the capacity of silica gel to adsorb aflatoxin and
remove it from degradative mechanisms which operate in the substrate, and which
are probably tesponsible for the phasic variations of toxin content which occur in the
adsorbent free medium. This methad permits of standardisation in terms of
adsorbent, substrate, inoculum. incubation conditions and extraction procedure.

1. Introduction

The measurement of aflatoxin production has been the basis of several important
aspects of research on these biologically and economically important mycotoxins.
These aspects include (1) the capacity of substrates to support toxin production,
upon which data, agtonomically useful substrates which show resistance to aflatoxin
accumulation can be selected for propagation ; (2) the capacity of fungal strains
to produce aflatoxin. This data could be used to select high yielding strains for the
laboratory production o1 aflatoxin for experimental purposes, for the differentiation
of genera, species and strains of fungi and in ficld studies on the accumulation of
aflatoxin under natural conditions ; (3) the effects of cultural conditions, inhibitors
and promoters on toxin production ; (4) the biosynthesis and metabolism of afla-
toxins,

Most studies done in vitro have hitherto used cultures of aspergilli, incubated for
arbitrarily selected single incubation periods, which have generally been between the
fifth and tenth day. Some studies have used determinations over a few days while
only a few have been made serially over three to four weeks.

We have reported earlier® that cultures of Aspergillus flavus and A. parasiticus on
grated coconut showed multiple peaks of aflatoxin content when replicate culgm'es
were assayed serially for two to three weeks. The patterns shown by different cuiture
systems may differ in respect of :—

— the time relations of the peaks of toxin content
-— the occurrence of monophasic o1 multiphasic patterns
~— the patterns shown by the individual aflatoxin components

— shifts produced by modifications of the substrate, the inoculum or the
conditions of incubation.
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The results of van Walbeek et af® also showed that a similar phenomenon was
occurring in one of their experiments at the time of termination of their observations ;
they however did not comment on this phenomenon. Lafont and Lafont® described
similar phasic variations of aflatoxin content in & synthetic liquid medium and the
phencmenon was also reported by Applegate and Chipley.!

¢« would therefore appear that an assay of a conventional culture at a given incuba-
tion period without data on the time coursc‘of the variation of toxin content, may
provide erroneous conchisions regarding the ideniity or concentration of the compo-
pents of aflatoxin which a culture system can produce. Examples of possible errors
were pointed out earlier. The assay of several replicate cultures will therefore have
+0 be made before the patterns characteristic of a given culture systemn are defined and
for obtaining valid conclusions oa the capacity of the system to accumulate toxin.
This approach however entails the cumbersome use of replicate cuitures over prolonged
periods.
|
The technique of de Vogel et al*, for the screening of fungi for aflatoxin production,
seemed to provide a basis of an abbreviated method. Their technique used hyflo-
supercel as an adsorbent with an overlying culiure medium on which the strain under
investigation was inoculated. These authors considered that the temoval of the toxin
into the underlying adsorbent would have differentiated the greenish or greyish fluore-
scence of the invading mycelium in the agar medium, from the fluorescence of the
aflatoxin in the adsorbent, when the adsorbent side of the plate was viewed under
ultraviolet light. Their cultures were examined on the third or tourth day after
inoculation.

We used the techniques of de Vogel et al* to screen wild stratis of aspergilli for
aflatoxin production and to study the iime course of aflatoxin accumulation which
was determined semiquantitatively with reference to standard solutions of quinine
sulphate, over prolonged periods. These plots showed that strains which produced
phasic variations of toxin content with time on conventional culture, gave patterns
which consisted of a rise of the toxin conient to a maximum within a few days ; this
maximum was maintained for two or three weeks as a plateau and then declined
gradually. Apparently the toxin was removed from the culture by the adsorbent
which thus prevented the degradation or inactivation of the toxin and hence the multi-
ple peaks which would have occurred in the adsorbent free medium,

This paper reports a technique based upon the use of silica gel as an adsorbent,
which eliminated the phasic variations of toxin content and which produced a plateau
which represented the maximum amount of toxin which had accumulated over two or
three weeks, during which period the plateau was maintained. During this period,
2 single assay provided an estimate of this maximum.

We prefer to use the term aflatoxin ‘accumulation’ rather than aflatoxin ‘production’
sinee the allatoxin content of a culiure at a given period of incubation, is the resultant
of production and inactivation cr loss and because the method ich we have descripad
here, measures the maximum content of toxin which was accamulated upto the time
of assay. ;
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o

2. Experimental

Test strains and inoewla. A, parasiticus NRRL 2999 was used in all the experiments in
vstablishing the methed. A favus F209 and F218 i our collection, isclated from
mouldy copra, were used in addition, to test the system.

Speres from 3 week old cultures on potato dexirose agar (‘Difco’) slopes were
suspended in sterile 0.1% Tween 80 in distilled water (autoclaved at 115° C/1¢ min.)
and the spore count was made in a blood cell counting chamber. The inocuivm
used was 0.2 ml of suspensions containing 20,800 spoves/c.mm.  Culture medinm.
Agar-media containing peanut or other substrates, homogenised as in the method of
de Vogel et al* were replaced by the subsirate alone in as finely divided a state as
possible. Agar media had the disadvantage of producing relatively low levels of toxin
with only 10% of the homogenised substrate as used in the original method. On the
other hand, natural substrates slone had the advantage of yielding data which was more
indicative of the levels of roxin contamination under aatural conditions in the field.

Pulses and grains were pulverised in a mortar or mill,  With these substrates it was
possible to obtain particles with a sieve size of BS 22 or even 44. Oilsceds such as
peanut and coconut were minced and used as particles of approxzimately BS 10 mesh
size. Preliminary drying at 40°C to 50°C of the oilseeds made it easier to reduce their
particle size; oil extrusion which occurred with more intensive grinding was avoided.
Substraies in replicate tests were obtained from the same nut or bateh of seeds.

Adsorbent.

Silica gel H (‘Merck’) was found to produce higher yields of toxin and more consistent
tesults than hyflosupsrcel.

Preparation of the medium,

Weighing bottles of 3 em diameter and 6 cm height provided a suitasle container for
the double layered composite medium. The composite medium was prepared as
shown in Figurs 1 by packing the silica gel powder into a uniform layer ai the bottom
of the bottle. The finely divided substrate was then lightly packed over the adsorbent.
In =arly experiments 2 g of the adsorbent and 4 g of the substrate were used but in
later experiments the amount of substrate was reduced to 1.5 g.

attines  COVET With

] aperture
?}ﬁ;‘:} ’9//\; miycelitm
% /,-/% subsirate
: adsorbent
: i

Figure {. Diagramatic represontation of the weighing bottle
containing the double layered composite medmum.
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With both unauteclaved and autoclaved (115°C/10 min.) composite media, 2 ml of
sterile distilled water was added after packing of the components. There was no
increase in the moisture content (as determined by weighing) of the composite medium
after autoclaving. There was no alteration of the pH of the subsirate in the sterilised
medium. The bottle was covered with a glass plate which had a central aperture
(3 to 4 mm in diameter) which allowed of inoculation and access to air. Duplicates
were used for each test. The preparation and inoculation of the composite medium
was done as aseptically as possible with sterile solutions and glassware.

Incubation.

The bottles were incubated in a moist chamber at 24°C in a box which while excluding
direct sunlight, permitied intcrmittent observation of the bottles.

Assay of toxin.

After incubation, the bottles were steamed for 10 min. The entire composite medium
was extracted by the aqueous acotone method of Pons ef al’, substituting three succes-
sive homogenisations in a *MSE’ homogenisor with an overhead drive, instead of
shaking as in the original procedure. The extracts in chloroform were titrated on
TLC plates (Silica Gel G ‘“Merck’) run in two different solvent systems, methanol :
chloroform, 3 :97 v/v and in acetone : chloroform, I :9 v/v respectively, by visual
estimation against inocula of standard aflatoxin B1 and Gl solutions in chloroform,
of known concentration. The results are expressed as micrograms of aflatoxin per
gram of the wet weight of the original substrate.

3. Results

In the composite medium, fungal growth was visible on the surface of the substrate
after three or four days of incubation. With autoclaved substrates, growth of conta-
minant fungi did not occur although with unautoclaved substrates, contamination
occurred frequently.

Exposure of the bottles to uv light at 360 nm showed progressive diffusion of blue
fluorescence downwards into the adsorbent. After 3 or 4 days of incubation and
within a week, the fluorescence had permested nearly the entire depth of the adsorbent
and this suggested that with the degree of moisture in the substiate and the adsorbent
there appeared to be a continuous aqueous phase between the substrate and the
adsorbent. Separate analysis of the substrate and adsorbent after incubation, showed
low amounts of aflatoxin in the substrate with large amounts in the adsorbent ;
hence both substrate and adsorbent were extracted together for estimation of the
total content of toxin in the composite medium.
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There was no mycelial growth into the adsorbent, sufficient to bind the adsorbent
particles into a matt as with the substrate. At the end of the incubation period,
even with appreciable amounts of toxin, the particles of the adsorbent retained their
discreteness as when originally packed.

Autoclaved or oven dried substrates showed both Bl and Gl components of afla-
toxin with strain 2999 whereas with unsterilised substrates G1 was present in very low
concentrations or was absent.

train NRRL 2999 was previcusly reported by us? to produce biphasic curves for
both aflatoxin Bl and G1 in conventional culture on loose, freshly grated coconut.
Figure 2 compares the patterns of the variations of aflatoxin content with time
in cultures of this strain on adsorbent-free loose, grated coconut and in the substrate
Packed as a layer as in the composite medium, but without adsorbent. With both the
locse and the packed substrates, biphasic curves with stmilar time relationships were
obtained indicating that packing of the substrate had no effect on the phasic altera-
tions of toxin conient. The loose substrate yiclded more aflatoxin ; this was
probably due to greater accessibility of the particles in the loose medium, to mycelial
spread,

120

100 + R

AFLATOXIN - Mgfg

DAYS - INCUBATION

Figure 2. Pattern of variation of aflatoxin content of replicate cultures of 4. parasiticus NRRL
2999 in grated coconut, in loose form ( - - - - - ), and as a packed layer (—————),
in the absence of adsorbent ; cultured at 24°C in semidarkness. Aflatoxin Bl —g —:
Aflatoxin Gl —o-.
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Figure 3 compares the patterns of variation of aflatoxin content, with the packed
substrate but without the adsorbent, with that in the composite medium with the
adsorbent. The elimination of the variations and their replacement by the plateau in
the latter system iandicate that it was the adsorbent which was responsible for the
modification of the pattern. The packing of the substrate apparentiy merely served
to provide a continuous phase for the rapid diffusion of toxin through the substrate
into the adsorbent.
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Figure 3. Pattern of variation of aflatoxin content of replicate cultures of 4. parasiticus NRRL
2999 in packed, grated cocomut with adsorbent (- - - - - - ) and without adsorbent
{————), cultured at 24°C in semidarkness. Aflaioxin Bl- 2 - ; Aflatoxin G1 —o—.

This effect parallels the patterns observed on plates with hyflosuperce!, used in the
screening of sitains for toxigenicity. The composite medium produced appmximatgi}
ten-fold more toxin than the adsorbent free medium.

The Table records the aflatoxin levels obtained in replicate cultures on the composite
medium containing 4 g of the substrate, indicating an acceptable degree of inter-
replicate variation and reproducibility of the method.
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Taslk 1. The aflatoxin content of replicate cuitures of 4. parasiticus
NRRL 2999 on grated, pulverised coconut in the composite medium
containing 4 g of substrate and 2 g of adsorbent, cultured at 24°C in

semidarkness.

Aflatexin content
ug Bl/g, in rephcate mean
cultures

487.5
475

462.5
4546 + 184
437.5

450
475

cocflicient
of variation

The plateau pattern was also produced by four other substrates incorporated in
the composite medium, cow-pea and Lanka dhal (Figure 4) and Green-gram and
peanut (Figure 5), with strain NRRL 2999. Only aflatoxin Bl was detected in these
cultures. These four substratcs however produced much lower levels of aflatoxin in
comparison with coconut which was carlier shown by us? to be an excellent medium
for the production of very high levels of toxin. ‘This strain NRRL 2999 was found to
produce biphasic curves with crushed peanuts in conventional culture (Arseculeratne,

unpublished data).
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Figure 4. Pattern of variation of Aflatoxin Bl content of replicate cultures of 4. parasiticus NRRL
2999 on the composite medium containiig Lanka dhal -o- ; cow pea-g-. Cultured at

24°C in semidarkness.
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Figure 5.
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Pattern of variation of Ailatoxin B content of replicate cultures of A. parasiticus NRRL
2999 on pulverised green gram - - ; peanut —o—; in the composite medium at 24°C
in semidarkness.

Figure 6 shows the patterns obtained with the strain F208 and F218 on the

composite medivm with grated coconut,

The plateau of the curve with aflatoxin

B1 was maintained for approximately ten days in both instances.

Figure 6.
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Pattern of variation of Aflatoxin B1 content of replicate cultures of 4. flavus F208 ——)
and F218 (~ = - - = - ) on grated coconut in the composite medium at 24°C in semi-
darkness.
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4. Discussion

Although the original expectation of de Vogel ef al* in the use of an adsorbent was
that it would have prevented interference from the nor-aflatoxin greenish fluore-
scence of the mycelium in the agar mediwm with the fluorescence of the aflatoxins,
the use of the adsorbent now appears to have a second advantage which is the removal
of the aflatoxin from degrading or inactivating mechanisms which probably operate
within the substrate. The evidence for this view is as follows (1) the higher yields
of toxin in the composite medium than in the adsorbent-free medium. An alternative
explanation could be that substances which were inhibitory to aflatoxin production
were removed by the adsorbent ; (2) the occurrence of phasic variations of afla-
toxin content in the adsorbent-free medium whereas in the composite medium, these
variations were eliminated and a plateau replaced the multiple peaks,

The reasons for our view that the phasic variations were not artefactual due to
technical errors but were real variations are -

(1) the variations were reproducible in degree and time relations.

(2) the variations were much larger (50-- 90 o) than the general range of
variation of the TLC values due to technical error (+ 20%)

{3) the same assay procedure was applied to both adsorbent-free and the
composite media while the levelling of the curves was scen consistently
with the latter medium.

The use of substrates in a particulate form has several advantages. The use in
conventional culture systems of seeds or kernels with seed coats which are imperme-
able to fungal invasion may produce false, low values of ioxin content and may
therefore not reflect the contamination as it would cccur under field conditions or in
storage. Under the latter conditions, fungal invasion and aflatoxin production occur
mainly on seeds and kernels that have been damaged with the resultant exposure of the
cotyledons or endosperm to fungal colonisation. A further advantage is that the
uniformity of the plateau increased with the fineness of ihe particles of the substrate.
This effect was probably due o the ease of mycelial penctration and aflatoxin produc-
tion and the rapid transfer of the toxin inio the adsorbent. Thus the composite
medium would appear to measure the total afiatoxin accumulating capacity of the
gystem under optimal conditions of accessibility of the substrate.

Conventional methods for tie determination of the aflatoxin producing capacity of
culture systems which use sclid substrates incubated for arbitrarily selected, single
incubation periods, have the disadvantage of not taking into account the significant
variations of toxin content that occur with time. On the other hand the serial assay
of replicate samples is a time consuming and cumbersome procedure. A further
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disadvantage of conventional methods is the difficulty of standardisation to permit of
valid comparisons between the results obtained in different laboratories or in the same
laboratory on different occasions, in respect of both the toxigenic capacity of aspergilli
on a standard substrate or of the capacity of a given substrate to support toxin produe-
tion using a standard strain of Aspergillus.

The method described in this paper appears to provide a simple and convenient
alternative procedure which would not only climinate the need for performing serial
assays, but would also allow of the standardisation of the determination of aflatoxin
production, in respect of the following factors :—

the container with cover, of specified dimensions
the substrate, of defined particle size, quantity and thickness of layer

the adsorbent, obtained from a single manufacturer and of defined quality,
guantity and thickness of layer

the inoculum, a standard toxigenic strain is grown on & specified medinm, cul-
tured under defined conditions, and its spores are suspended in
0.1% Tween 80 to a standard spore count. A specified inoculum
is used. To prevent loss of toxigenicity on repeated subculture
on laboratory media, the standard strain may be periodically
passaged through moist crushed peanuts*

Incubation. The composite medium could be incubated under defined condi-
tions of temperature, light, humidity and atmosphere. From our
cbservations on the 5 different substrates tested, it would appear
that an interval of three wecks after incculation would coincide
with approximately the midpoint of the plateau. Hence the single
assay could be performed after an incubation period of three weeks,
after inoculation of the composite medium.

Extraction and assay procedure, for aflatoxins could be prescribed in terms of sol-
vents, methods of extraction, purification and titration of extracts.

The use of such standard conditions, and the measurement of the cumulative
maximum amount of aflatoxin which the culture system has produced, may provide
greater uniformity in the results obtajned from studies on aflatoxin production.
Hitherto, divergent results which are reported in the litcrature have been obtained by
the uze of conventional methods of culture. Examples of such controversial results
include the claim that certain varieties of peanut are resistant to aflatexin accumula-
tion. It is possible that the occurrence of phasic variations of toxin content in corn-
ventional culture systems could have contributed to these discrepancies.
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(Paper accepted : 28 January 1980)

Abstract : The average turpentine content of Pinus caribaea oleoresin (Erabedde
Plantation) is about 18%] to 20°%,. However, individual trees showed marked varia-
tions not only from each other but also from season to season and day to day. Turpen-
tine content may be as high as 30% or as low as 10%;. The rate and efficiency of
recovery of turpentine depends on (1) the quantity of water present and (2) cohobation.
Detailed laboratory studies have led to a refinement in operating conditions, so
that a simple fire still (50 kg capacity) can be made to yield turpentine quantitatively
in a very short distillation time.

1. Introduction

Pinus caribaea is a tropical pine now grown to the extent of about 32,000 acres in
Sri Lanka.! Investigitions on the tapping and oleoresin output of the P. caribaea
plantation of Erabedda had been reported previously by this group.® In this study
Wwe report the turpentine content of the oleoresin when the plant is grown under loeal
conditions as well as investigations aimed at the commercial extraction of the
turpentine,

There are several methods for isolating the terpenes of Pine. ( 1) Tapping of the
oleoresin.* (2) Solvent extraction.® (3) Steam distillation of wood and chips,
and (4) Dry distillation.” However, only the first two are widely used for producing
rosin and turpentine with the solvent extraction process being favoured by most
developed countries. In other parts of the world, the tapping method is still popular,
and in this situation the next step is necessarily the separation ot rosin and turpentine
by steam or water distillation.® Most rosin producing countries use large centralised
and continuous stills using steam under pressure,>** a situation clearly not suitable for
Sri Lanka at this early stage. An alternative method is the use of a simple fire still,%7#
which was popular in the early part of the century. Unfortunately, the critical factors
volved in the operation of a fire siill are not clearly documented.

*Some of t]nsvs;rk has been carried out as & part of the M. Phil. Thesis of L. A. Goonetillake.
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2. Experimental
2.1. Determination of Turpentine Content of Oleoresii

Oleoresin (25 to 100 g) was water distilled using 150 ml water for 4 hours, and the
turpentine collected in a light oil (clavenger) arm. Duing 4 hours nearly all the
turpentine is recovered (Figure 1), but the method has an error of about 5%.

i

ver of tumeanTivge (ml)
W
—

[ 1-] 20
vimg (run)

Figure 1. 7Time Courses of Turpentine Recovery. ‘Weight of Rosin, 60 g :
Volume of water, 150 m.
2.2. Factors Affecting Efficient Recovery of Turpentine
Experimental details are given in logends of figures.

2.3, Pilot Plant stills

(a) Model 1,

Designed for steam distillation and the production of high quality rosin, this is a
single container where the oleoresin chamber is separated from the boiler by a parti-
tion that allows only the passage of steam. As a tesult, the temperature of the
oleoresin does not rise above 100°C. The boiler is constructed of iron and the rosin
chamber of aluminium.
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() Model 2.
This 1s a copper fire still, where the rosin is in the boiling compartinent (Figure 2).
By controlling the amount of water, the rate of turpentine recovery can be optimised. &
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Figure 2. Turpentine, Fire Still Maximum capacity — S0kg.

‘The still comprised a stiil body 1M by 0.7M containing an inlet (2 cm diameter)
for the entry of cohobate and exit (25 cm dizmeter) for hot rosin. The lid contained the
exit to the multitubular ccndensor. The still body is heated at the base by direct
firing. The furnace contained a fire chamber and ash-pit separated by a fire grate
and a flue gas exit.

3. Results
3.1. Turpentine Content of the Oleoresin.

The mean turpenting content of the oleoresin of Pinus caribaca (of Erabedda) is
about 18 77 to 20%. Turpentine content of the oleoresin varies markedly : (&) from
tree to tree, (&) tapping cycle to tapping cycle and (¢) day to day.

The variation from tree to tree is illustrated in Table 2. There appears to be a
distinct direct relationship between yield of oleoresin and turpentine content of
oleoresin.
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Studies also showed the turpentine content of the oleoresin also markedly varied
with tapping cycle (Table 1).

TABLE 1. Variation of Turpentine Content of Oleoresin

Code No. _. . Tapping Cycle .
of Tree Sept. 1978 Dec. 1978 March 1979  June 1979

101 186 19.9 16.3 20.5
102 16.4 21.8 25.0 20.0
104 -1 19.5 19.3 19.3
106 = - 10.6 8.2
107 " s — 189
108 18.3 10.6 9.4
109 19.0 13.4 18.9 21.2
110 9.1 17.9 13.1 179
11 9.7 13.5 12.4 16.7
112 15.2 18.0 16.9 19.1
113 7.6 i 12.5 21.7
114 17.6 18.5 5.7 19.3
115 175 16.7 14,7 19.2
117 10.8 e o2 13.6
118 Bl s 8.1 24.9
119 & e s 2.6

120 -— — 15.6 13.3

—., signifies not determined due to low oleoresin output.

The situation is further complicated by the fact that there is nearly always even a
daily variation of turpentine content of oleoresin even in the same tree ; - turpentine
content generally decreasing with time. In one tree (studied in detail), turpentine
content which was 27.3 % in the first day had declined to 16.5%; by the fifth day.

3.2. Laboratory Studies on Recovery of Turpentine.

These studies were concentrated on two msin lines (@) the effect of the oleoresin to
water ratio and (&) the effect of cohobation cn the rate of turpentine recovery.

3.2.1. Effect on Cleoresin to water ratio.

Table 2 shows that large quantities of water result in a relatively inefficient rate of
turpentine recovery. In this experiment, relative rate of turpenting recovery is
measured by determining the quantity of turpentine recovered for every 100 ml water
distilled. At limiting water levels, the temperature of the contents of the flask is
higher than 100°C.
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TaBLe 2. Effect of Water to Rosin Ratio.

; Volume of Water added
{ml)

150
200
300
400
500

Rosin (300g) was distilled

at constant rate (heating m
ml/15 min. Total turpentin

for turpentine given above
produced in each case.

Vol. Tuzpentine per
100 ml distillate (ml)

antle).

18.0
12.7
114
9.8
T

with the above quality of water
Rate of distillation 100
¢ in 300 g Rosin = 30 ml. Values
refer to first 100 ml of distillate
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Figure 3. Effect of Cohobativn on Turpentine Recovery.
Rosin (150 g) was distilled with water (100 mi)

X — X, without Cohobation
O — 0, with Cohobation.
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3.2.2. Effect of Cohobation

At a temperature of 35°C to 40°C the turpentine forms an emulsion with water (con-
taining 0.5 ml turpentine/100 ml water). Therefore by recycling the separated water
it was possible to increase yields. Figure 4 shows the effect of cohobation on the
distillation of turpentine. A similar experiment on a larger scale gave the same
result (Figure 4.).
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Figure 4. Effect of Cohobation on Turpentine Recavery.
Rosin (6.5 kg) was distilled with 41 water at
point indicated by cohobation was initiated.
The experiment was terminated when only
about half the turpeniine was recovered.

3.3. Pilot Plant Studies

Steam distillation using the still-model 1 resuited in both a very low efficiency of
recovery and low rate of recovery of turpentine (Table 3). After 8 hours distillation,
only 84 % of the turpentine was extracted. However using model 2, (the fire still)
the situation was reversed ; in only 3.0 h over 99.5% of the turpentine was recovered
(Table 4). The efficiency of the second method was proved beyond doubt when the
residual oleoresin from model 1 (containing 3.8% turpentine) was exhausted of
turpentine in only lh using model 2 (Table 5).
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TaBLE 3. Recovery of Turpentine Using Steam Distillation

Still (Medel 1).

: Water distilled Turpentine
Thine (hours) @ recoversd (1)

i i2 0.75

1.5 21 1.025

2 27 1.225

3 42 1.550

4 58 1.775

5 75 1.935

) 92 2.095

7 109 2.245

8 127 2.355

Approx 13.8% kg of Oleoresin was used.  Yield of Turpen-
tine was 17.1 v/w. (2355 ml). Residue contained 3.8 % turpen-
tine. Efficiency of recovery = 84%. Furnace temperature =
F00°C. Water was cohobated.

TapLe 4. Recovery of Turpentine Using Fire Stifl (Model 2).

Rate of

: it Turpentine

Tat !

Time (honr) dE?;:lllfr;n;))n (ml/min)
0.2 225 160
0.5 300 140
1.0 240 [i1]
1.25 370 45
1.5 45 25
2.2 512 10

3.0 350 25

Laboratory estimation of turpentine, 20.1% ; 36.45 kg
Oleoresin was distilled. Yield of turpentine 20.8% v/w (7.6
Litres). Residual Turpentine (0.1 %). Efficiency of recovery
99.57%. Initial water = 10 1. Cohobation, 4 1 at a time.

1. Weight of Oleoresin = 8.5 kg

2. Water added =3L

3. 7 Tutpentine (Laboratory Determination) —~ 3.8 97 viw
4. Time of distillation = 1.25 h

5. Rate of distillation = 400 mi/min
6. Observed yield = 335 mi

7. *Expected yield = 323 ml _
8. Residual turpentine = Not detected
9. % a-- Pinene-—Laboratory Distilled - 06%

10. % @— Pinene—Fire Still = 67%

*Hased on sample drawn for laboratory estimation.
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4. Discassion

Results show that the average turpentine content of oleoresin is about 20%;. How-
ever, there is wide variation (1) between trees, (2) from tapping cycle to tapping cycle
and (3) day to day. There appeared to be some relation between turpentine content of
oleoresin and oleoresin yield. However, other unidentified factors probably also
affect yield. The relationship is interesting as the turpentine content of the oleoresin
will affect fluidity.

Results of pilot plant studies were highly encouraging. By controlling water
content of the distillation and using cohobation, it is possible to obtain turpentine
(of the same quality as laboratory distilled material) not only in a very short distil-
lation time but also at nearly quantitiatve yields by using a simple fire still.
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Urea as a source of non-protein nitrogen for ruminants

Il. Effect of urea as a non-protein source on digestilil'ty and voluntary
intake by sheep fed alkali treated rice straw
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Peradeniva, Sri Lanka.

(Paper accepted : 15 Februgry 1980}

Abstract ; Rice straw, the largest annually harvested agricultural by-product in
8ri Lanka, is essentially an energy feed hi gh in cell wall material, but because of its
low digestibility, the intake of digestible energy is often inadequate even to provent
live weight loss in mature ruminants. In recent years, chemical procedures have been
elaborated for improving low quality forages and rice straw has been success{ully
upgraded in feeding value, to a medium quality hay, by spray treatment with NaOH
solution. Low nitrogen content is a predominant factor limiting efficient utilization
of roughage material but non-protein nitrogen supplementation has heen successfully
employed to overcome this problem. Inorder to assess the influence of non-protein
nitrogen supplementation on its feeding value, rice straw, variety H,, treated with 49
(w/w) NaOH solition (at the rate of 1.2 kg of straw) was fed ad libitum to Zrow-
ing sheep along with 100 g ground maizefanimal/day, with or without urca. Urea
represented 010 2.65% of the total dry matter consumed. Urea supplementation up
to 1.87 27 resulted in a significant increase in digestibility, Beyond 1.87 % there was no
significant influence on digestibility, but voluntary intake increased. At 2.65%, level
of supplementation voluntary dry matter intake was 30% higher than the dry matter
intake of diet containing no urea. It appears that 1.8 to 2.07%; of the total dry matter
consumed is the optimum level of urea supplementation for 4% NaOH {w/w) treated
rice straw. Since insufficient sulphur could have influenced urea nitrogen utilization
by rumen micro-organisms, ammonium sulphate may be a better source of npn for
ruminants.

1. Imtroduction

Many low quality forages are essentially encrgy feeds high in cell wall material,
Even so, they are little used as animal feeds because. of their low energy yields. They
arc generally low in digestibility and intake and the intake of digestible energy is
often inadequate to even prevent live weight loss in mature ruminants,

Alkali treatment can markedly increase the nut.itive value of many poor quality
roughages, 312172527 and sadium hydroxide treatment has been claimed to be the
most effective.’*22  Recent trials, in Sri Lanka, have indicated that rice straw, one of
the largest annually harvested agricultural by-products, can be successfully up graded
in feeding value, to a medium quality hay, by spray treatment with sodium hydroxide
solution.15:16
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A further factor limiting the efficient utilization of roughage material by ruminants
is their low nitrogen content which is generally regarded as too low to sustain adequate
activity of the cellulose and hemicellulose digesting microorganisms in the rumen.
For efficiont breakdown of lignocellulose in the rumen a nitrogen content of 1% in
the DM of diets, the energy contents of which are less than 50 % digestible is considered
essential. In more digestible lignocellulose based diets nitrogen requirements may
increase up to 1.59 to 27 of the DM,

The usafulness of non-protein nitrogen {npn) compounds in the nutrition of the
ram#ants has been well established.+31%24  However, despite the voluminous
research carried out,’ practical progress in this field has been relatively small, partly
because of the complexity of nitrogen metabolism in the rumen, and partly because of
the lack of data on applied research in the field.

The objective of the work reported here was to determine the effect of npn supple-
mentation of NaOH treated rice straw on digestiblity and voluntary intake, using
growing sheep and thereby quantify the optimum level of supplementation, for the
preparation of practical rations.  Urea was selectsd as the npn source as it is probably
the commonest npn compound of choice as a protein replacer for rumiant feeding.
The work was carried out at the Departnient of Animal Husbandry, Faculty of
Agriculture, University of Peradeniya.

2. Experimental

Rice straw, variety H,, chopped into 20 to 50 mm lengths was treated with 40 g NaOH
dissolved in 1.2 litres of water per 1 kg of stiaw, according to the technique previously
described 16 Treated straw dried in an Unitherm oven at 98°C for 6 hours, was stored
in bags until required for the feeding trial.

The experiment was designed as a complete randomized block experiment with
seven treatments. All animals were offered ad libitum treated straw + 100 g ground
maize with or without urca. The quantity of urea in the concentrate (0, 5, 8, 10, 12,
i5 or 18 g urea/I00 g concentrate, representing 0 to 2.65% of total DM consumed)
represented the seven ireatments (Table 2). Concentrate and treated straw was
offered seperately, twice daily, in equal amounts. Water and a standard mineral
mixture were available «d libitum through out the feeding trial.

Growing Jaffna x Bikaneri female sheep of average live weight 21.7 kg (range
20.5 to 25.5 kg) were used to measure the apparent digestibility of the treated straw
rations, Three animals were used for each treatment. All animals were housed
in individual digestion cages designed to enable the separate collection of faeces and
urine.
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The feeding period was of 20 days duration, the first 12 days to allowing for adjust-
ment to the ration with voluntary intake and digestibility measured over the last 8
days. Voluntary intake was measured by feeding daily, an amount of ration to
insure an excess of at least 109 over previous days intake :nd determining actuzl
intake by daily weighing of refused feed.

Daily faecal collection for each sheep during the collection period was weighed,
sampled and frozen for later analysis. Urine was collected daily in plastic buckets
containing 25 ml of IN HCl ; the volume determined, a 2 % aliquot was refrigerated
for later analysis,

Proximate constituents,? acid detergent fibre (ADF). cellulose and silicals were
determined for treated straw and the concentrate.

The digestibility of straw organic matter was calculated by assuming the organic
matter digestibility of concentrate to be 85%.

3. Results

The average chemical composition of treated straw and ground maize used in the
feeding trial is shown in Table 1. The composition, energy value and crude protein
conterit of the experimental diets are shown in Table 2. The cons umption of treated
straw and increasing levels of urea had no ill effects on the health of animals.

Addition of urea up to 1.87% of the total DM consumed, (0 to 10 g urea/100 g
concenttate) significantly (P < 0.01) increased both dry and o1ganic matter digesti-
bility of NaOH treated straw diets. Beyond this level however, there was no further
increase in digestibility (Table 3).

Dry matter intake remained constant up to 1.87% level of urea supplementation.
Above this however, an increase in the level of supplementation increased the DM
intake markedly. At 2.65% lovel of supplementation, voluntary DM intake was 30%
higher than the diet containing no urea. This also resulted in an increase in digestible
eneigy intake (Table 3),

All urea fed animals showed a positive nitrogen balance compared to the control
treatment without any urea. Urea had no infiuence on voluntary intake of water
and output of urine.
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TapLe 1. The average chemical composition of concentrate and treated straw
used in the fecding trial
Treated straw Concentrate
Component IEeh
g/100 gdry matter*
Ash ] 16.5 1.3
Crude protein 4.2 8.4
Crude fibre 30.8 2.2
Acid detergent fibre (ADF) 56.3 5.1
Cellulose 38.9 4.2
Silica 9.9 s
*dry matter content — straw — 96.6
dry matter content — concenirate — 93.4

TaBLE 2. Composition and epergy value of rations used in the feeding trial.

Ration number 1 2 3 4 5 6 7
Amount of NaOH (g/kg straw) 40.0 4.0 40.0 40.0 40.0 40.0 40.0
Volume of water (1/kg straw) 1.2 1.2 1.2 1.2 I:2 12 1.2
Amount of concentrate fed with

straw (g/animal/day) 100 100 100 100 100 100 100
Quantity of urea added fo

concentrate (g/100g concentrate) 4] 5.0 8.0 10.0 12.0 i5.0 18.0
Crude protein content of ration , :

(g/100 g DM consumed) 5.04 7.76 8.16 10.42 10.78 10.81 12.56
Intake of urea (%) (intake as a

% of total DM consumed) 0 0.94 1.33 .87 2.02 218 2.65
Estimated ME content of ration

8.60 §5.43 8.22 8.48

(MI/kg DM) 6.18 756 746
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4. Discussion

Addition of urea (0 (o 2.65% of total DM consumed) increased the crude protein
equivalent of the straw diets from 5.0 to 12.5 7, but this increase was not proportionate
to the increase in the urea content of the ration. This was due to the comparatively
higher intake of straw DM at the upper levels of urea supplementation.

The results of the present experiment are in general agreement with work reported
elsewhere on both treated and untreated cereal straw rations supplemented with urea.
With untreated straw, there had been many instances where the addition of urea re-
sulted in increases in digestibility and voluntary intake of poor quality roughages, 11119
There were other instances, however, where urca supplementation had ne influence
on the utilization of low quality 10ughages.®1%,2021  Similar results have been obtain-
ed with alkali treated roughages as well. Bramen and Abe’ found no improvement
in digestibility of NaOH tieated (49, NaOH, w/w) wheat straw when it was supple-
mented with 1.0 or 2.0% uiea. Deonefer er al'2 observed no significant effect on
digestibility, but voluntary intake increased three fold when 2.5% urea was added to
oat straw treated with 89 (w/w) NaGH sclution. They explained this observation
on the basis that nitrogen was a limiting factor and that adequate supply of nitrogen
by way of urea resulted in an increase in the rate of microbial digestion and thus
voluntary consumption of forage by the animal. The work of Rexen er al? also
supports the view that urea supplementation need not necessarily increase the utiliza-
tion of treated straw diets.

As pointed out by Balch.* in spite of more than half a century of experimentation
with npn compounds, there is still much doubt about the response to npa supplementa-
tion of diets of cattle and sheep. As Le rightly peinted out, extra nitrogen in
the form of urea or any other npn compound, cannot be expected to give responses,
if energy becomes a limiting factor.

The results of the present experiment shows that cven with atkali treated straws,
energy can become a limiting factor for urca utilization. Alkali treatment increases
the digestible energy content of the treated material and thereby its ME content.
This will encourage the utilization of npn by rumen micro-organisms. But beyond
a certain level any further addition of npn wili not give higher responses as encrgy
becomes a limiting factor. It is thus evident that with 4% NaOtl treated rice straw,
the optimum utilization of urea occurs at 1.87% level of supplementation at which
stage the mctabolizable energy availability ot treated material is 8.60 MIkg DM.

The higher intake achieved beyond 1.87 % level o1 urea supplementation could have
been due to an increased rate of passage of digesta through the digestive tract. The
ingrease in intake was not asscciaicd with an increase in digestibility but it influenced
the digestibie energy intake.

Sulphur could have been a limiting mineral element in npn utilization by rumen
micre-organisms as ne additional sulphur was gives with the die: in the reported
work. in this respect ammonium suiphate could be a betier source of npn for
ruminants but its role as a npn source nus to be first asceitained before it could be
used in practical rations. Thus, more 1eseasch is required before any conclusions could
be drawn on the optimum level of npn supplementation for alkali {reated rice straw.
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Cost analyses have been done on data from mzauy feeding trials conducted in various
countries to establish the economic feasibility of feed’ng alkali treated straw to farm
animals. While in Europe the substitution of treated siraw for hay and silage
appeats to be profitable, it does not scem to be so in North America even when the
stiaw is produced in the same farm.  However in couniries whete straw is tradition-
ally fod to livestock, alkali treatment is clearly profitable, especially when stiaw has
no valus other than the cost of collecting it and tresting it on the tarm. In Sri Lanka,
the main cost would be that of the cost of alkali, if family labour of the smail farm
it is not taken into account. The economic feasibility of treated straw as a substi-
tute for fodder in Sri Lanka is however yet to be established under ficld conditions.
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Abstract : Eighteen species of Sri Lankan marine algae belonging to Chlorophyceae,
Phaeophyceae and Rhodophyceae were examined for sterols. 28-isofucosterol is the
major sterol in green algae belonging to Order Ulvales. Green algae belonging to
orders Siphonales, Siphonocladales and Dasycladiales contain 24-ethyl cholesterol
as the major sierol. Fucosterol is the major sterol in all the brown lalgae examined.
The red algae contained cholesterol as the major sterol. The work indicates that
there is no significant difference in the major sterols found in the marine algae of
Sri Lankan, Japanese, British, French and Canadian waters.

1. Iotroduction

The sterols of marine algae!! are distinctly different from division to division and in
some cases within divisions, The major sterol of most of the red algae examined is
recognised as cholesterol,!#710 It was found previously* that Japanese red algae
could be classified into three groups based on sterol profiles. One group contains
cholesterol as the major stcrol.  The sterol mixtures of the second group contains
cholestanol as the major stercl. The third group contained dehydrocholesterol as
the principal sterol. Another sterol which usually accompanies cholesterol in red
algac is desmosterol and is the major sterol in several species.

Major sterol ot the brown algae is fucosterol?® Cholesterol, 24-methylene
chelesterol and saringosterol are also found in brown algae, but in small quantities.

The sterols of green algae are vsually complex mixtures. Gibbons et al® identified
28-Isofucosterol as the major sterol of British green algae Enteromorpha intestinalis
and Ulva latuca.

Very little information is available on the sterol composition of the Indian Ocean
algae.

2. Results and Discussion

Eighteen species of Sri Lankan marine algae were examined fo: sterols using gas
chromatography-mass spectrometry (GC-MS). The identification of each sterol was
based upen its GC relative retention time and its MS fragmentation pattern. The
sterol profiles of the algae are summarized in the table given below.
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Sterols of Some Sri Lankan Marine Algae 7

Cholestercl is the most common sterol in red algae, 21l species presently examined
contained cholesterol as the major sterol. Fucosterol is the major sterci of brown
algae. All the species of brown algae contain small amounts of cholesterol in addition
to fucosterol. The green algac examined could be classified iris (wo groups based or:
the sterol profiles. {One group three species) contained 28-iscfucosterol as the major
sterol. All these species belong to the family Ulvaceae. The present identification of
28-isofucosterol in Sri [Lankan U. lactuca, U. reticulata and U. faciata in addition to
its presence in E. linza'® and British green algae E. intestinalis and U, lactuca con-
fizms that this is characteristic of Ulvaceae. The other group of green algae (six
species) conlain 24-ethylcholesterol as the major sterol.

Our work indicates that there ix no difference in the major sterols found in marine
algae of Sri Lankan, Japanese, British and Canadian waters.

3. Experimentat

The algae were collected along the coast of Colombo, Galle and Jaffna, Sri Lanka.
The air dried algae (ca 100g) was extiacted with refluxing methanol (500 ml) for 3h.
Extracts were saponified in a mixture of 409, KOH (1 ml} and methanol (25 ml).

An aliquot (ca | mg) of the unsaponifiable material was treated with trimethylsily-
Limidazole (100 xl) iv a sealed tube at 70° for 30 mins. Resulting trimethyl silyl
ether of the sterol were analyzed by GC-MS on 1.5% OV. 17{(1.5 m x 3 mm,
250°C.). Icentification of each sterol was based upon the comparison with the
respective authentic sample in', respect of GC retention time and MBS fragmentation
pattern as previously described,>»®11 RR‘s of the TMSi derivatives of standard
samples wete ; Cholestane, 1.0 ; 22-dehydrocholesterol. 1.84 , cholesteral, 1.97
brassicasterol, 2.26 ; stigmasierol, 2.79, sitosterol, 3.18 ; fucosterol, 3.38 isofucos-
terol 3.51, 24-methyl cholesterol, 2.57 ; seringosterc! ; 4.85. A different proce-
dure was adepted for the isolation of sterols from Sargassum and Lawrencia.  Air
dried algae (2kg) were extracted with refluxing methanol (21). The methanol extract
was concentrated, water was added to the concentrate znd exiracted with ether.
Removal of ether under reduced pressure gave a brown oil.  This brown oil was
chromatographied on atumina and the sterol fractions eluted with 209, ether/Pet.
ether were combined and analyzed by GC-MS.

The MS fragmentations of the stercls are given in Tabie 1T,
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KEY TO STEROLS

Sterol Number
Cholesterol 1 \l/\/\I/
a
24 - Ethylcholesterol 2 \'/\/(r
=3
24— Methylcholesterol 3 W/\/kr
a
24 -- Methylcholesta — §, 22 — diesie 3 (§ — ol 4 M
Fucosterol 5 \«]/\lr
@
28 — Isofucostero! 6
24 - Methylenecholesterol 7 T .,,/
8
24 — Ethylcholesta 5, 22— diene 3 g - ol )
i
]
/
Saringosterol ¢ o
| OH |
. i

* Indicates the point of attachment of R.
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P

TaBLe (IT)—Mass spectral Fragmentation of TMSi Derivatives of Sterols.

L TEROLS NUMBER Ms FRAGMENTATIONS
(Major fragmentations at m/e)
Cholesterol 1 458 (M), 443 (M T —CH;), 368 (M"'_‘ ~-TMSOH)
358 (M -TMSOH — CHas), 329 (M ™ -129)
255 (M ~TMSOH —Sidechain), 129

24§ —Ethylcholesterg! 2 486 (M™), 471 (M -CH3) 396 (M -TMSCH),
381 (M™ -TMSOH — CH,), 357 (M _129),
255 (M" _TMSOH _ Side chain), 129.

24§ —Methylcholesterol 3 472 (M+), 457 (M~ CHj3), 382 (M ~TMSOH),
367 (M “TMSOH - CH3), 343 (M*+ ~129),
255 (M1 —TMSOH — Sidechain), 129.

Fucosterol 5 484 (M), 469 (M*~CHy), 394 (M TMSOR)
386 (M —98), 379 (M™—TMSOH -CHy),
355 (M -129), 255 (M ~TMSOH - Sidechain) 129.

Isofucosterol 6 484 (M), 469 (M " —Me), 386 (M -98)
355 (M —129), 296 (386 - TMSOH),
281 (296 — Me), 257, 129.

24-methylenecholestarol 7 470 (M), 386, 296,

Saringosterol 9 572 (M), 557 (M — Me), 529 (M - iPp)
439 (529 - TMSOH), 349 (439-TMSOH)
295, 255, 253, 171, 129.

Isolation of Isofucosterel

The algae (1.5 kg) was defatted with petroleum ether (60° to 80°) and then extracted
with acetone. The acetone exiract was concentrated under reduced pressure, The
residue was diluted with water and extracted with ether, Removal of ether gave a
brown oil. This brown oil was chromatographed on alumina and the fraction eluted
with 25 7 benzene in petroleum ether yielded 28-isofucosterol (1.5g) as a white crystal-
line solid m.p. 135°to 136° (Lit!* m.p. 135.5—136.4°). (Found : C, 84.29 ; H, 11.56;
CyHyO requires C, 84.47; H, 11.40). IR (KBrjem™': 812, 840, 1065, 1580,
3440. HNMR (CDCL): & 5.29 (m, 1H) C-6 proton, 5.05 (q, I~ 6.9Hz) C-28
proton ; 340 (m, 1H) C-4 proton: 1.54 (d, 3H) C-29 protons, 2.80 (m, 1H)
C-25 proton. L.R. and nm.r. of this white solid were identical to those reported®

for the compound. Further confirmation came from GC-MS analysis as its trimethyl-
silyl ether.
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Geology of Sri Lanka in relation to Plate Tectonics

H. D. N. C. PATHIRANA
Geological Survey Departinent, Sri Lanka.

(Paper accepted : 8 March 1980)

Abstract : The crystallines of the lsland of Sri Lanka is divided into Highland series
and Vijayan series and the contact between these two_ series is a possible Paleo plate
boundary. The geological evidence supporting this interpretaticn includes

The presence of paired metamorphic belts—the granulite facies and the amphi-
bolite facies.

The presence of basic and ulirabasic rocks of probable igneous origin closer to
the Highland-Vijayan contact.

The coppet-magneiite-apatitc body and its related rocks. Tt is possible that
minerahisation has taken place at the bourdary beiween the two main rock
Zroups.

The het springs of Sri Lanka mainly confined to Vijayan series and are r1ostly
along the contact.

The Submarine Canyen with wall heights 1,350 meters off the coast of Trinco-
malee contiguous with the Highland-Vijayan contact.

The interpretation is that the boundary bstween the Highland-Vijayan series was an old
subduction zone; where the two plates were moving together. Active volcanism con-
tinuous subduction and upliftment have caused the present day Highland series. The
rocks of the Highland series comprises of quartzites, crysialiime limestones, garneti-
ferous granulites and charnockites. The volcanic rocks are not present today, as they
have been eroded away. Both groups are intensely metamorphosed and metasoma-
tised. The Highland serics was metamorphosed Lo the granulite facies and the Vijayan
series to the almandine-amphibolite facies.

1. Intreduction 2nd General Geoiofgy of Sri Lanka

Sri Lanka though an island today, is an intzgral portion of the carnatic gnessic
terrain of the Deccan Peninsula of India only recently severed from the mainland,
An attempt has been made in this paper to interpret the Geology of Sri Lanka in
terms of plate tectonics.

The major geological divisions of Sri Lanka are given by (Figure 1) The greater
part of the country is underlain by erystalline rocks of Pre-Cambrian age; which are
divided into two groups on the basis of metamorphic rank and age. The Highland
Series metamorphosed to granulite facies® which oceupies the central part of Sri
Lanka consisting of a succession of gneisses, garnet-sillimanite-graphite-gneisses,
quartzites and marbles together with charnockites. Migmatites and granite gneisses
are less developed in the Highland Series.


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/

76 H. D.N.C. Pathirana

Geolegy of Sri Lanka in reiciion to Plaie Tectonics

GEOLOGICAL MAP OF SRI LANKA
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Figure 1. Geological Map - Sri Lanka
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The Vijayan series metamorphosed to the amphibolite facies® which consist mainly
of microcline-biotite and hornblends biotite-gneisses, granites and granite gneisses,
and occupies the eastern and south-eastern Lowlands.

Mesozoic rocks, mainly sandstones, shales and siltstones of Upper Gondwana age
(Wayland, 1925) are preserved in faulted basins at Tabbowa and Andigama near
Puttalam. In the north-western part of the country the dominant rock is the sedi-
mentary limestone which underlies the whole of Jaffna Peninsula and the surrounding
Islands. This limestone belt extends southwards along the west coast of the Island
as a graduvally narrowing belt.

2. Previous Work

There is no direct evidence to show the origin of the Highland series Adams! consi-
dered the peneplain which they represent, to be produced by ordinary denudation of
dip slopes. Wadia (1945) impressed by the ““Stupendous Mural Scarps' emphasised
the horst like nature of the central Sri Lanka massif and suggested block uplift of
the Highlands through powertul dislocations and block faults of the normal type.
King'! points out that direct faulting has not been forthcoming and the mighty rock
faces are seemingly true “‘Erosion Scarps”. More recently Vithanage (1972) postu-
lated that the regional morphotectonic and morphological features can be explained
by normal erosion acting on the Precambrian terrain which has been subjected to pro-
longed differential warping along a broad SSW-ENE zone. The predominant
deformations were by series of vertical differential uplifts with a culminating phase
around Jurassic (Gondwana and Miocene early to end of Tertiary). Hatherton et
al’ predicts that the central Highlands appear to be completely uncompensated
isostatically. The largest scale anomaly in the island runs along the western part of
the Vijayan series and parallel to its junction with Highland series (see Figure 2).

3. Geological Processes at Plate Boundaries

According to the plate tectonic hypothesis, the outer layer of the earth consists of
lithosphere, 80 to 100 km thick divided into a number of rigid plates moving
relatively to each other over a plastic asthenosphere. There are twelve major plates
and thirty minor plates recognised at present. Volcanism, mountain building, and
mineralization are concentrated at the boundaries of these plates. Plate boundaries
are three types, constructive, destructive and conservative. At constructive plate
boundaries new lithosphere is consisting of a layer of oceanic crust overlying the
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upper mantle ,and it is created either continuously or intermittently at the rate of
spreading of about 10 cm per year along the axis of an oceanic spreading ridge
system. At constructive plate boundaries the plates move away from each other
(Figure 3). At destructive plate boundaries the plates move opposite to each othet
(Figure 4) and the collision result due to continuous subduction of the oceanic-
crust, for example the collision of Indian plate with the Asian plate in the Tertiary
following subduction and closure of Tethys ocean. At conservative plate bounda-
ries the plates move parallel to each other along a transform fault. Transform
faults are linked with ridges trench systems and at times large faults on lands, for
example the San Andras fault in the U.S.A. and Alpine fault in the South Island of
New Zealand. The spreading ridges, trenches associated with subduction zones and
transform faults form a continuous linked network around the Earth Surface.

Gceanls croat with sediments

Transform foun

Spreading tiage

Mantie

Lithosphere
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[

Figure 3. CONSTRUCTIVE PLATE BOUNDARY
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Figure 4. Desiructive plate boundary
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4. Some Possible Evidence of the Plate Boundary

In Sri Lanka the boundary between the Highland and Vijayan series can be of the
destructive type. The outerparts of the Eastern and Western Vijayan crust can be
considered as two micro plates, passively moving about on a plastic asthenosphere
(the upper mantle) (Figure 5). The geological and the tectonic setting of the
Highland series and the Vijayan series is a clear indication of a possible plate boun-
dary. The geological evolution of Sri Lanka began with a deposition of thick
sediments in a Pre-Cambrian geosyncline.? The rocks of the Highland series were
laid under sedimentary conditions bringing material from the Eastern and Western
limbs of the geosyncline. The Highland series is an elongated belt extend from SSW
to NNE of the Island varying its strike and direction. The rocks are mainly quart-
zites, quartzschists, crystalline limestones, calc granulite gneisses, and quartz-felspar-
garnet-granulite gneisses. The quarizites are metamorphosed sandstones found in
all parts of the Highland series belt. Crystalline limestones and calc granulites are
metamorphosed sedimentary limestones. Carbonates of calcium and magnesium
are the two main constituents of these rocks. The presence of silicate minerals very
often in the crystalline limestone band suggest that quiet seas in which calcarious
sediments were laid down from time to time inundated with sand and clay, were
perhaps brought down by flood waters.®> The cale granulites are very impure cal-
carious sandstone formed by the metamorphism of calcarious muds, quartz-felspar-
garnet-granulite gneisses are metamorphosed sandy clays and clayey sands.

The Vijayan series consist of mainly granites, granite gneisses, augen gneisses and
migmatites. The minerals present are quartz, microcline, plagioclase, biotite and
hornblende. These minerals occur with monotonous regularity in the Vijayan rocks.
These rocks extend as isolated knob like masses and in some places as ring-structures
in the Yala and Panama 1 in sheets.!? Minerals like silimanite, graphite, cordierite
hypersthene and garnet so typical of the Highland series are seldom seen in the
Vijayan series.! The Buttala and Kataragama complexes may well represent,
‘Klippen’ severed from the main Highland series block.” In comparison with the
rocks of the Vijayan series the rocks of the Highland series are well bedded, banded
and run continuously for miles along the strike with little variation and hardly any
dislocation. The Vijayan rocks are seldom vniform. It is seen that these two groups
are completely different in their mode of origin, It can be considered that these
Highland series (the granulite tacies) and Vijayan series (the amphibolite facies) are
paired metamorphic belts with the relics eroded away.
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5, Basic and Ultrabasic Rocks

Basic and ultrabasic rocks are located along the Highland series and Vijayan series
boundary. The basic rocks are fine grained quartz dolerites and albite dolerites ;
a very few medium grained basic rocks are also observed at a number of places in the
Vijayan series. The dolerites and the ultrabasic rocks are shown in the Figure 1.
Petrological and mineralogical studies of the basic rocks show two groups with
diagnostic mineral assemblages as given below of which the first is dominant ;

(b) ilmenite clinopyroxene and plagioclase

(a) apatite ilmenite + olivine clinopyroxene and plagioclase
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Similar type of mineral assemblages are found in the basic and ultrabasic rock suite
in the South West of England.* The greenstone belt in the South West of England
are basic in character with quartz dolerites, albite dolerites and spilite dolerites, and
the ultrabasic rocks are very few in this area and are serpentinised. It may be
possible that the basic and ultrabasic rocks of the Vijayan series are akin to the
rocks of the greenstone belt of the South West of England.

The most important occurrence is the serpentinite body at Udawalawe surrounded
by migmatitic gneisses and crystalline limestone and is located in the South East
quadrant of Sri Lanka near the Highland Vijayan boundary.1® Katz considered that
this ultramafic belt is an ancient Pre-cambrian suture of two plates.

The presence of serpentinite peridotite and dolerites is strong evidence for a tectonic
setting, the gravity evidence is comsistent with a thrust contact between the two
major rock groups. The low density at the boundary suggest that there was down-
warping and this was due to the continuous subduction ot the Eastern Vijayan crust,

6. Copper-Magnetite Body and its Related Rocks

There were a number ot attempts to relate ore deposit genesis to plate tectonics.
The distribution and origin of some classes of mineral deposits have recently been
interpreted in terms of the plate tectonics hypothesis, (Mitchell and Garson, 1976).
In Sri Lanka an occurrence of a body of copper-magnetite was discovered in 1971 at
the Highland Vijayan boundary. The copper magnetite body is located in the
Trincomalee district and is about 30 miles east of Kantalai, at Seruwawila (Figure 1)
and is in the North Eastern quadrant of Sri Lanka. Detailed mineralogical and petro-
logical studies have indicated that copper mineralization is confined to a pyroxinite
which is associated with granites. The constituent minerals of the pyroxinite detected
by microscopic studies are tremolite, diopside, augite, scapolite, apatite, chalcopyrite
and magnetite. Basic and ultra-basic rocks and anorthosite rocks are found to be
erupted closer to the magnetite deposit prospect. The copper magnetite deposit
is found to be associated with cherty rocks. The presence of chert in the deposit
suggests that sea water was in contact with erupted lavas and became enriched in
silica which would have been deposited as the temperature fell. The apatite in the
magnetite body suggests that gaseous emanations have taken place in the formation
of the ore body,

Two occurrences of anorthosite intrusions are exposed closer to the copper magne-
tite apatite body and is located at the 3rd milestone on the Seruwila-Toppur road.
The rock is highly coarse-grained and composad mainly of plagiociase laths with
scattered grains of garnet. This is the first recorded occurrence of anorthosites in
Sri Lanka, and the most interesting fact is that the location is almost at the contact
of the mineralized area with the country rocks to the West. The detailed petrological
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and mineralogical studies catried out indicate that the plagioclases contained are
andesing and labrodorite with Na,O content 6.15%. The ancrthosite at Seruwila
may not represent a deep crustal or upper mantile material but a reworked material
intruded along a faulted contact zoned

About 60 km to the West of the Highland Vijayan boundary west of the magnetite
deposit is the carbonatite (apatite) complex. This is located in the North Central
province of Sri Lanka and falls within the Western Vijayan series.2 The closer
examination of the lithology of the carbenatite arca shows an association of rocks
akin to the Highland series. Geochemical study of the carbonatite complex concludes
that the limestones are of igneous origin that has equilibrated from a carbonatite
magma. The geochemistry of the Eppawela apatite is similar to the East African
type. In most of the East African carbonatite the mineralizationp has taken place
at the intra continental rift zone plate boundaries, (Mitchell and Garson 1976).
The carbonatite at Eppawela may have resulted due to subduction of the Eastern
Vijayan oceanic crust and the partial melting of the erust at depth, deeper in the
Benioff zone have resulted a carbonatite magma which has later intruded into the
meta sediments (The Highland Series).

7. Mineral and Thermal Waters of Sri Eanka

Mineral and thermal water of Sri Lanka are described by J. P. R. Fonseka et al’
All known springs oceur in the coastal plain of the Bast and South east section of
the island where also dolerite dykes are best exposed {see Figure 1). At present, there
are nine thermal springs ; six of the nine thermal springs are located in the East and
South Eastern coastal plain of the island which is underlain by genisses of the Vijayan
series, The other three namely Mahapellessa, Kanniyai and Rankihitiya are in the
area underlain by Highland series. All the springs seep out invariably at ground
level, without any appreciable head, from hollows or sandy bottoms of ponds or
pools. A few issue from the fissures in the bedrock.

The origin of the mineral and thermal water is probably due to deeply circulating
ground water. The most interesting feature is that all these hot springs confine to
the Eastern and South Eastern sections of the island.

Geological Evolution of Sri Lanka

It is now realized that collision is probably the most important single cause of
mountain building and orogeny and ancient collision belts and suture zones have
been recognized in a number of orogenic belts Precambrian to Pliocene in age
Many papers have been written op mineralization at plate boundaries and the hypo-
thesis is hown to be useful in explaining the origin of the host rocks of the ore bodies.

Sri Lanka Highland series was once a minor orogenic belt. This was an elongated
zone extending from S.S.W. to N.N.E varying in strike and direction. The thickness
of the sediments are much thicker compared with the Eastern Vijavan rocks. The
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elongated zone may have started as a geosyncline, accumulating sediments during
Precambrian time. The Highland rocks have formed due to the continuous sub-
duction of the Vijavan oceanic crust (Figure 5) and subsequent series of differential
uplittment with a culminating phase around Jurassic to end of Tertiary. The strata
were eventually folded and crumpled, faulted and overthrust and more or less
intensely metamorphosed at differant stages of historic evolution.

The Seruwila copper magnetite apatite body is another feature that shows minera-
lization has taken place in a plate boundary.

The presence of chert and apatite in the copper magnetite body shows that lavas
have been contaminated with sea water and gascous emanations had taken place.

The basic and ultrabasic rocks, anorthosites, granitic ring structures in the Vijayan
series shows that there was active volcanism.

The submarine canyon with wall heights of 1,350 meters at Trincomalee and also
the hot springs are contiguous with the Highland-Vijayan contact. The Eppawela
apatite carbonatite complex is also a result of the converging plates, and the
partial melting due to continuous subduction have 1esulted in carbonatite lavas,
although there is no geochemical evidence.

The Andigama Tabbowa Gondwana basins are the tensional cracks formed as a
result of the movement of the two plates. The rift valley between India and Sri
Lanka (the cauvery basin) is also a result of the movement of the convergin g plates.
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OF SRl LANKA

INSTRUCTIONS TO CONTRIBUTORS

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

The Secretary, Editorial Board,

Jourpal of the National Science Council
of Sri Lanka,

47/5 Maitland Place, Colombo 7,

SRI LANKA.

EDITORIAL POLICIES

Submission of Papers : Papers are accepted
for editorial consideration with the under-
standing that they have mnot 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, without
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.

All material sub-
two or more
Papers are

Referecing and Editing
mitted is examined by
referees prior to publication.
edited to increase clarity and ease of
communication. In preparation for the
press, particular attention is paid to
grammar and the conventions of the Jour-
nal with regard to symbols, illustrations,
tables, references and nomenclature.

Manuscripts submitted for editorial considera-
tion can be processed expeditiously if they
conform from the outset 1o the style of the
Journal. Authors are therefore advised to follow
closely the form deseribed in these instructions.

PRESENTATION

No maximum
prescribed but

OF MANUSCRIPTS

length of contributions is
papers should be written

clearly and concisely. All unnecessary
textual matter, figures and tables must be
eliminated. In general, the impersonal
form should be used.

Supplementary material of a detailed
nature, which is mnot essential 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 be reasonably sub-
divided into sections, and if necessary,
sub-sections. The following pattern is
suggested for Research  Papers : (a)
Introduction (b) Experimental (¢) Results
(d) Discussion (¢) Conclusions (f) Ack-
nowledgements {g) References. In many
cases, two of sections (b), (c) and (d)
can be combined. When a separate
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, K in citing

references  correctly. Responsibility for
the accuracy of these rests entirely with
the authors. It is the authors’ respon-
sibility to obtain written permission to
reproduce material  which has appeared
in another publication.

FORM OF MANUSCRIPTS

Manuscripts should be submitted in trip-
licate — including the original typewritten
copy — typed throughout in double spacing
on one side of the paper only. Adequate
margins should be left (4 cm) with liberal
spacing at the top and bottom of each
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 on 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 set 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 shouid contain the article
title, the name(s) of the author(s) and
name and address of the establishment
where the work was carried oui. In the
case of co-authors, respective addresses
should be clearly 1ndicated. Female
authors 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 same general
heading, followed by a series number and
title of the part. Any footnote to the title
should be given at the bottom cf this page.
The second page should contain an  ab-
stract (of not more than 230 words} which
should be a summary of the entire paper,
not of the conclusions alone and intelli-
gible without reference to the paper itseif.
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 fast page should contain {8) a note
as to the number of maunuscript pages,
figures and tables, (b} proposed rumning
title  of less than 42 characters (letters
and spaces) and (¢) the name and mailing
address of the person to whom the proofs
should be sent.

Ellustrations : All iliustraiions are cousi-
dered as figures and each graph, drawing
cr  photograph should be numbered in
sequence with Arabic numerals. Authors
must submit the original and two dupli-
cates of each 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 piain white paper or beard or tracing
paper, not larger than 20 x 30 om.
Drrawings should be lattered with a
lettering set; letiering should te kept large
enough to be legible after a reduction of 50

to 60%. If this is not possible, all letiers
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 undersiood without
reference to the text. The amount of
gttering on a drawing should be reduced
as far as possible by transferring it to
the legend. Figure legends should be
typed on & 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
ndicated in pencil in the manuscript.

Photopgraphs : Half-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 for the proportions of
the printed page. They shouid be
numbered consecutively with Arabic
nuragrals. Tabulated  matter should be
clearly set out and the number of col-
umns in each table should be kept as
low as possible. Tables should haw

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 each coluwmn. Vertical lines
should not be used and horizontal rules
used only in the heading and at the bottom,
A onecolumn table may be up to 42
characters (letters and spaces] wide. A
two-cclumn 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
itelic letters (g, b, ¢, etc.). Esch 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 iist 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 auther and numbered in
Arabic numerals. All authors’ initials must
be given after surnmames. The year of
publication should follow in parentheses.
When journai articles are listed, the journal
name should be abbreviated in accordance
with the World List of Scientific Pericdicals
1900— 1960, 1972, 4th edn, London : Butter-
worths Scientific Publicaticns. If the journal
is not in this list, the name should be given
in full. The abbreviated journal title should
be underlined to indicate italic type and
followed by the velume number underlined
with 2 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 titie,
volume nurnber, edition, pagmation/inclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be : auathor (s) of szction, year, the
word fn followed by author of book, book
title, volume number, edition, inclusive pages,
place of publication und publsher. The
series title of 2 Book should be given in
parentheses afier the publisher.

Examples :

Journal — Awcmor, ILE., Dicks, D, M,

Bvans, W, C. & SanTtra, LKL
{1972}y Plante Med. 21(4) :
46-420.

Book — ScHOxMAN, D). {1968) Vegetabic
growing : local and  exoric
varieties, 29p. Ceolombe: Agri-
culture Department.

Section of

Book — Zrrnax, A. (i973) In Chronic

cassava foxicity : proceedings
of an imterdisciplingry workshop,
London, England, 29-20 January
1973, pp. B9-95. Ottawa:
International Developnient
Research Centre. (IDRC-00e).

Footnotes which are indispensadle should bein-

dicated in the text by small superior figures and

listed on a separate page in the manuseript.

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 S.1. System of units (see description
in British Standard PD 5686 : The use of
S. L Unmiis),

Authors whose papers contain mathematical
expressicns 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 quadruple spaced. They
should be started on the left margin and the
nurnber placed in patentheses to the right of
the equation,

Nomepclature : 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. Tylenchorhynchus claytoni
Steiner. In later citations, the generic
name may be abbreviated to its initial letter.
e.g. 1. claytoni.

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

Short Communicatiens : The Journal may
include a limited pumber of short communi-
cations, Authors should submit short com-
munications 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.e, 4 pages of
cepy inclusive of illustrations and tables.
Short communications should be complete
in their own right and suitabie for citation.
The title should indicate the content clearly
as these papers do not carry abstracts.

Proofs : Corrscted galley proofs must be
returned to the Secretary without delay as
directed. Failure to de so will result in
delay in publication. Correction of proofs
by authors must be restricted to printer’s and
similar errors. They should be marked in
pencil. Any modification of the eriginal text
is to be avoided. Responsibility for correc-
ting proofs rests entirely on the authors
though editorial assistance will be provided.

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