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Internal Magnetic Fields of White Dwarf Stars : O
Circulation Effects

G. CHANMUGAM

Department of Physics and Astronomy. Louisiana State University,
Baton Rouge, Louisiana 70803, U.S.A4.

AND

M. MAHESWARAN
Department of Mathematics, University of Peradeniva, Peradeniva, Sri Lanka.

{Paper accepred : 03 July 1979)

Abstract ; 1t 1s shown that in the case of white dwarf stars, circulation effects are
unlikely to prevent strong internal magnetic fields from being observed.

1. Introduction

The existence of strong magnetic fields ( = 10! gauss) in the interiors of white
dwarf stars can affect their structure and hence their theoretical mass-radius relation-
ship.” Most white dwarfs have no observed magnetic field ; the upper limit
for the average surface field being of the order of 10° gauss.® A fraction ( ~ 107%)
of white dwarfs do have strong (average) surface fields ~ 10° to 10% gauss.’¥ In
this work, however, we shall be concerned with white dwarfs with no observable fields
and, in particular, determine whether such stars can have strong magnetic fields in
their interiors. Chanmugam and Gabricl® have discussed this problem for non-
poloidal rotating white dwarfs with no internal motions. The time scale of decay for
magnetic fields t,~ 7o/ (n-41)> where o ~ 5 X 10° yr and n isthe order of the mode
considered. Hence, fow modes survive over the typical age of a white dwarf > 10° yr,
Since the magnetic field would have to be a linear superposition of the first few
modes, such a field would, in general, be unlikely to be both strong in the
interior and weak at the surface. However, as pointed out in that paper, the pre-
sence of meridional circulation could affect the arguments given. Recently,
Kippenhahn and Mallenhoff® have discussed the possible existence of circulation
in rotating white dwarfs. Similarly, we may envisage the existence of circulation
in white dwarfs which contain strong magnetic fields. The purpose of this paper is
to consider the effects of circulation on the magnetic field (and vice versa) and to
determine whether circulation can prevent a strong internal field from being
observed,
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2. Circulation Effects

We consider three possible cases for the magnetic field of the white dwarf: (@) that
it was formed with a strong surface field which is then confined beneath the surface by
circulation, (b) that it was formed with a weak fossil field which was internally
amplified by the dynamo action of circulations, (¢) that it was formed with a strong
fossil field lying entirely beneath the surface.

Consider case (@). We first suppose that the circulation is driven by stellar rotation
with angular velocity . We denote the ratio of the centrifugal force to the gravita-
tional force by A, ~ 2 R3/GM, where M and R are the mass and radius of the white
dwarf and G the gravitational constant. Let us denote the ratio of the magnetic
force to the gravitational force by A, = B2 R*GM? where B is the mean field. For
most white dwarfs £ < 0.1 radians 571, so that, taking R ~ 10° cm, M ~ M5,
we have Ay < 0.1. We note that even if A, ~ 1 the Eddington-Vogt circulation
time Tz is roughly of the same order or slightly longer than the cooling time tcoo, of
white dwarfs.® Since teoo. ~ 10° yz, the circulation does not have sufficient time
to turn over an adequate number of times during the lifetime of the white dwarf,

Secondly, we consider the possibility that ‘A, = A; so that the circulation is
driven by the magnetic field itself. In a rotating magnetic star, the poloidal compo
nent of the equation of mechanical equilibrium is : '

VP = pve + pPw + (curl B) A Bjda )

where p is the pressure, ¢ the gravitational potential and cylindrical coordinates
(w, #, z)areused. The general solution of the compiete set of equations, magneto-
hydrodynamic and hydrostatic, of which equation (1) is one, is of formidabie difficulty.
However, an estimate of the magnetic effects may be made as follows : we note
that the ratio of the centrifugal force term to the magnetic force term in equation (i)
is roughly of order pQ2R/(B2/4mR) = 3M2/B’R ~ A JA,. Hence, when X € hn
and A, ~ 1 one should obtain the same order of magnitude for the circulation
speed as in the case when A, £ A, and A, ~ 1. Thus a strong magnetic field cannot
cause adequate circulation to choke off the field. We note here that A,, cannot be
larger than one, as then the star would be unstable because jits magnetic energy would
be greater in magnitude than its gravitational emergy.? Clearly, also ihe case
A; X Ay ~ 1 would mnot significanily change the speed of circulation to affect
the above discussion.

We now turn to case (b). From the preceding discussion, we note that the largest
possible values for the speed of the circulation, whether driven by rotation or by
magnetic fields, are insufficient to produce Jarge poloidal fields by dynamo action.
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We thus discuss the possibility that differential rotation creates a strong magnetic
field which necessarily must be toroidal. If we choose the mean rotational velocity
Viot ~ 0.1 R ~ 108 cm 51 the strength of the toroidal field generated ~ (4p V2o )t~1011
gauss. Such a strong toroidal field is unstable in the absence of an equally strong
poloidal field %10 :

Finally, we consider case (¢) where the white dwarf is formed with a strong internal
field but weak at the surface. Since the effects of circulation, whether driven by
roifation or magnetism, are unimportant, this case essentially reduces to the case of a
static white dwarf star discussed in the introduction and in the paper by Chanmugam
and Gabricl.? Such a field would diffuse out of the star on a time scale, at most, of
order 108 yr, which is less than the typical age of most white dwarfs.

In conclusion, we point out that it is difficult to jusiify the existence of magnetic
fields of sufficient strength which can alter the structurs of the star and yet not appear
above the surface.
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Skin Temperature in a Group of Students at Peradeniya

V. BasNAYAKE, S. A, S. GOONEWARDENA, V. SENARATNE AND T. THALAGALA,
Department of Physiology, Faculty of Medicine, University of Peradeniya, Peradeniya, Sri Lanka.

{(Paper accepted : 03 July 1979)

Abstract : Skin temperature was measured with a radiation thermometer at 20 points
on the body surface in an atmosphere of 24.4°C (76°F) in 26 young aduit Sri Lankan
males. The surface temperature was different at different points on the body. The
warmest regions were the forchead and hypogastrium. The trunk was warm. The
coolest regions were the hand and foot. This pattern of regional variation of the body
temperature is ¢ssentially the same as has been described elsewhere in the world.

1. Introducticn

Cullumbine* reported findings on the body temperature of Ceylonese (former name
for Sri Lankan) persons. His sample consisted of more than 400 male and more than 50
female university students aged 18 to 25 years. The arithmetical mean and standard
error for oral tempereturs in males were 98.9 + 0.03°F, females 99.4 + 0.04°F; rectal,
males 599 + 0.02°F, females, 100.2 + 0.05°F ; axillary, males 98.6 + 0.07°F,
females, 98.7 + 0.11°F. Earlier, Castellani® had stated that there was no difference
in the body temperature of healthy natives and resident Europeans in Ceylon, “with
due allowance for individual and seasonal differences and the effects of exercise and
clothing”. Thers has been no report on skin temperature in Sri Lanka.

The purpose of the present work was to get some idea of skin surface temperature
in persons in Sri Lanka. It was done as a student project during the third term of
the physiology course in the Peradeniya medical school in 1978. The sample con-
sisted of 26 malc medical students of average age 21 years.

Skin surface temperature (Tg,) varies in different parts of the body. Generally
speaking, the head is warmest and the feet coolest. There being no such thing as
the skin temperature, it becomes convenient or necessary to invent the concept of a
mean skin temperature (Ty). It is convenient because we can use a single representa-
tive figure for skin temperature instead of having to use a number of separate figures.
It is necessary when we wish to calculate the heat gain or loss from the body as a
whole. In estimating Tg, We can measure Ty at many different points on the body
surface and calculate a weighted mean value. Hardy and DuBois® introduced a
standard method in which skin temperature was measured at 20 different points on
the body surface and a mean value calculated by giving a weight of 79, for the head
skin temperature, 35% for the trunk ; arms 14%, hands 5%, thighs 199, legs 137,
and feet 7%. These weightings corresponded to the relative surface areas of the
body regions as determined by DuBois and DuBois.®
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2. Materials and Methods

The thermometer used was an instant-reading radiometric skin thermometer marketed
by Messrs Heimann GMBH, Wiesbaden, West Germany.'” It consists of a bolo-
meter, which the operator holds in his hand and which he places on or close to the
skin, and a recording box. The bolometer receives the heat radiated from the skin
and converts it into electricity. The electrical change is amplified and converted into
a movement of a lever over a temperature scale in the recording box. The instrument
was calibrated with.a Leslie cube ; the temperature of the water in the cube was
taken with a certified mercury-in-glass thermometer ; the bolometer was placed on
or near the black surface of the cube and the teiperature read on the recording box.
It was assumed that the cube surface should have the same temperature as the water
within the cube.

The skin temperature measuremenis in the 26 students were made at 9 to 10 a.m,
in an air-conditioned room. It was necessary to fix a time of day because body
temperature, including skin temperature, shows a marked diurnal variation,!!.!2
The dry bulb temperature of the room was 24.4°C (76°F), the wet bulb temperature
21.1°C (70°F) and the effective temperature 22.2°C (72°F). A dry bulb temperature
of 24.4°C was chosen because this is the mean annual temperature of Peradeniya.!®
This is several degrees lower than the air temperature at 9 a.m.

The subject entered the room and sat for 20 minutes. He then changed clothes ;
he wore a cotton sarong (a cylindrical tubular garment hanging down from the waist
over the legs), leaving his trunk, upper limbs and most of his lower limbs bare. Skin
temperature measurements were made immediately thereafter at the 20 sites specified
in the Hardy-DuBois method.”:?

Mean skin temperature for each person was calculated by the same method using
the following steps :— (a) for each of the seven body regions (head, trunk, arms,
hands, thighs, legs, feet) the mean of all readings for that region was calculated ;
(b) this regional mean value was multipiied by the appropriate weighting factor ;
(c) the weighted mean values were added up, as shown in the formula—

T = 0.07 Theaq + 0.35 Tiruny, + 0.14 Tary, - 0.05 Thana + 0.19 Tinign
0.13 Tleg -+ 0.07 Treet.

3. Results and Conclusions

The results are shown in the Table.
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Tasre 1. Skin temperature of 26 male medical students in an air-conditioned room with a dry
bulb temperature of 24.4°C (76°F), effective temperature 22.2°C (72°F)

Skin temperature Coefficient  Difference
———— - of varia- from mean
Body Region - Mean Standard tion skin tempera~
No.* deviation ture
' =C) =C) %) ()
—  Skin 25 a whole (mean skin .
temperature) 32.9 0.76 2.31 o
1 Forehead 35.8 0.43 1.20 4+ 29
6 Abdominal, iliac 35.2 0.64 1.82 4 23
5 Chest, over liver 34.6 0.46 1.32 + 17
2 . Cheek : 34.2 0.61 1.78 + 1.3
18 Trunk, back of shoulder 340 0.71 2.08 + 1.1
3 Chest, front upper part 33.8 0.59 1.74 + 09
15 Shoulder 338 0.50 1.48 + 09
16 Trunk, over scapula 33.8 0.54 1.61 4+ 09
17 Trunk, loin 33.8 0.48 1.42 4 0.9
9 Back of knee 333 0.59 1.77 + 04
11 Shin 333 0.86 2.58 + 0.4
4 Chest, front middle 33.1 1.16 351 + 02
7 Thigh, front 32.3 0.61 1.88 — 0.6
10 Calf 32.3 0.99 3.06 — 0.6
14 Forearm 31.9 0.84 2.63 — 1.0
8 Thigh, back upper end 31.5 0.83 2.64 — 1.4
13 Palm 31.5 1.73 5.65 — 1.4
135 Hand, dorsum 30.8 1.31 425 - 21
126 Ankle 304 3.22 10.59 — 2.5
12 Solo 30.0 .55 5.16 — 25

*The numbers are those in the Hardy-DuBois method of numbering the body regions for skin
iemperature dotermination.

The mean skin temperature for the 26 subjects was 32.9°C.  The scatter of mean skin
temperature values was : range, 30.0°C to 35.8°C, standard deviation 0.76°C,
coeflicient of variation 2.3%.

A regional variation in skin temperature in different ‘parts of the body was apparent.
The warmest region was the forehead (35.8°C) while the coolest was the sole of the
foot (30.0°C). In the limbs, a pattern of fulling of temperature in a proximodistal
direction was observed. The extensor surface was cooler than the flexor surface.

Sites of the body where skin temperature was closest to the mean skin temperature
were @) the chest near the nippie b) the front of leg, and ¢) the back of the knee.
Individual variation was greatest in the ankle, sole of foot, dorsum of hand and
palm of hand.
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4, Discussion

It is well known that the temperature of the skin surface shows marked differences in
different parts of the body in a cool or cold atmosphere. The warmest part is the
head, the coolest is the foot, and the trunk is warm. A graph that is frequently
reproduced in textbooks shows the results for J. D. Hardy in a range of room tempera-
tures from 23°C to 34°C° In a warm environment, the regional variation in skin
temperature practically disappears ; the temperature in all parts becomes about
35°C. The present work shows that the skin temperature in a cool room shows the
usual pattern of regional variation : the forehead was warmest (mean value 35.8°C),
the foot coolest (sole 30.0°C); the difference between the two was 5.8°C. The trunk
was warm ; the warmest point on it was the abdominal iliac region (35.2°C).

The body can be divided into three main regions on the basis of surface tempera-
fure ;—1

A, a region of greatest warmth with a small range of temperature :  forehead,
chest, abdomen.

B, a region of moderate warmth and a larger range of temperature : arm,
thigh.

C, a region of least warmth and gieatest range of temperature : hands, lower
part of the leg, foot.

This three-region concept is supported by the present work, except in certain points
of minor detail. Region A consisted of the forehead and parts of the abdomen and
chest. The mean temperature was 35.8°C to 34.0°C. The inter-individual variation
of skin temperature was lower for the forehead than for any other site (coeflicient of
variation 1.297). The variation in the other sites of Region A were of the order of
1 or 2 per cent. Region B consisted of the rest of the trunk and the limbs down to
the forearms and iegs (with the exception of the upper end of the back of the thigh,
near the buttock, which falls into the next category). The mean temperature was
33.8°Ct0 31.9°C. Inter-individual variation was of the order of 2 per cent, ranging
from 1.47] for the loin to 3.5% for the chest (breast). Region C consisted of the
hands and feet and the upper end of the back of the thigh near the buttock. The
mean temperature was 31.5°C to 30.0°C. Inter-individual variation was of the order
of 77, going up to 10.6% in the ankle region.

Mean skin temperature (Tx) is an artificial and elastic quantity. With so much
difference of skin temperature in diffcrent parts of the body, the calculated Tg will
depend on (a) the points on the body surface at which the temperature was measured,
(b) the weightage given to the temperature at the different points. The number of
regions and points at which skin surface temperature (Ty) has been measured in

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/

Skin Temperature in a Group of Students at Peradeniya : 83

order to estimate Tg has ranged from about 3 to 25. Burton? used three points
(chest, calf, lower arm), Newburgh and Spealman!4 4 points (chest, thigh, leg, lower
arm) ; Miller and Blyth'? 5 (forehead, arm, chest, back and thigh) ; Palmes and
Park® 9 ; US Quartermaster Corps!* 10 ; Iampietro er al 10 ; Hale et al'7 15
points in 7 regions ; Adams and Covino! 16 ; Hardy and DuBois® 20 ; Malil! 24,
The weighting of the tesnperature from the various body regions has usually been on
the basis of the contribution which the surface area of the region makes to the total
body surface area, as in the Hardy-DuBois method. Ramanathan!'® proposed a
simipler weighting svatem where :

Ta = 0.3 T.‘:hesl o 03 Ty 02 Tth;gh + 0.2 Tleg

For gach of the four regions represented in the formula, he took the mean of 10
readings from thermoccuples placed in various places in the front, back and sides of
the body region, which makes 40 rsadings in all,

It has been noticed by Teichner!® and Ramznathan'® that the temperature of the
medial aspect of the thigh corresponds to the mean skin temperature of the body.
The present work used entirely the Hardy-DuBois method with regard to the sites
at which the skin temperature was measured and the weighring used to calculate
the mean skin temperature. This was found to be 32.9°C with a standard deviation
of 0.76°C, at & roomn temperature of 24.4°C (76°F). This seens to be much the same
for an environmental temperature of 24.4°C as in other studics in other parts of the
world. Accordingly, it seems that the skin vasoconsirictor mechanism which reduces
skin temperature in a cool environment at 24.4°C is not more sensitive in these
tropicai subjecis than in others.
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Abstract :  Studies were conducted at Kundasale and Peradeniyva to assess the
agrononiic and economic potential of some locally important cerpal-legume iniercrop
systems. Total yield of the maize-soyabean intercrop increzsed although the yield of
the compenent crops tended to be depressed.  Maize-cowpea and maize-mung bean
crop combinations appeared to be compatibla.  Land Eguivalent Ratio (LER) and
gross economic returns were increased by intercropping. The net protein utilization
value of the intercrop systems were higher, highlighting the importance of such systeims
for the subsistence level farmers in developing countries.

i. Istreduciion

Results of preliminary studies on intercropping indicated that cereal-legume inter-
cropped systerat are superior to monocropped systems.* Intercropping with com-
patible cron combinations increased both toial economic yields zs well as gross
economic returns, thus providing for more efficient utilization of N, land and other
inputs. Cereal-legume intercrop systems also appeared to enhance net protein
atilization value of the system, highlighting the importance of such management
practices for increasing the nutritional iniake of subsistence level farming families
in developing couniries. In view of the preliminary findings, studies on inter-
cropping were further developed to evaluate the yields and economics of intercropping
cereal crops with legumes against their respective monocrop systems.

2. Materials and Methods

Six experiments were conducted in 1976/77 with three trials each at the University
Farm, Kundasale and Peradeniya. The elevation of the locations were approximately
450 m. The rainfall during the experimental period varied widely between locations,
ranging from 256 mm ai Kundasale to 2516 mm at Peradeniya. The rainfaii received
during experimentation also showed considerable variation and the crops were
supplementally irrigated as needed.

Augmented design*s’ was used to include several cereal-logume intercrop systems
having « local potential in the study. Six treatments replicated three times formed
the main experiment, while others were auvgmented or unreplicated. Replicated treat-
ments consisiing of maize (Zea mays L.)—soyabean (Glycine max (L) Merr.) intercrop
system was included to systematically vary the row-intercrop species between locations
for comparing the trends of treatments. Tho selection of maize (Var, Thai composite)
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as the row crop and soyabean(Var. 8. J. 2) as the legume in the main experiment was
based on their performance in previous intercropping studies.® In the augmented
intercrop combinations, four locally grown legumes were intercropped with maize to
identify compatible intercrop systems and to observe general trends. Maize (Var.
Thai Composite) was used as the row crop as it has been found to be compatible with
most legumes.” Maize-cowpea (Vigna unguiculata L.) (Var, M1 35) and maize-mung-
bean {Vigna radiata L.) (Var. MI 1) intercrop systems were also selected based on
previous experimentation® while maize-groundnut (4rachis hypogaea L.} (Var. A 92)
and maize-dwarf bean (Phaseolus vulgaris 1) (Var. Wade) intercrops were assumed
to have potential for the mid-country wet zone.

Maize-soyabean intercrop system and the monocrop system was tested ai three
levels of N. N levels selected were 0.25 and 50 kg/ha, the highest level being the
locally recommended rate for the row crop. Mono and intercrop systems were
compared at 0 and 25 kg/ha only. The recomimended N {30 kg/ha) applied to the
row crop was used as a control treatment. N was band applied adjacent to the row
crop. N was not applied tc any of the other legmes grown in the augmented treat-
ments, All plois received blanket applications of 56 kg P,0, and K,0O/ha respec-
tively and other cultural practices uniformly as per local recommendations. Maize
was spaced 100 x 50 cm, while intercrop spacings were soyabean and mungbean
50 x 5cm, and cowpea and groundnut 50 X 10 cm. Soybean seeds were inoculated
with the commercial inoculant “Nitragin S” at 5 g per 60 kg of seed. It was assumed
that indigenous riizobia would be adequate to inoculate other legumes, as a commet-
cial inoculant was not available. Both row and legume crops were planted at the
sarie time. '

3. Resuits and Discussion
The mean grain yields of maize and soyabean for both locations are given in Table 1.

3.1 Yield of Maize—i. Effect of N—Whether intcreropped or not, maize showed a
positive response to N.  In both locations, under the monccrop system, yield increased
in the zero and 25 kg M levels, the differences being sigrificant in Kundassle (2) and
(3); Peradeniya (4) and (5). The yields however varied widely, frem 0.35 t/ha in
Peradeniya (4) to 3.11 ¢/ha in Kundasale (1) with zcto N, and from 1.72 ttha in
Peradeniya (5) to 3.69 t/ha in Kundasale (3) with 25 kg M. The yield differences
between 25 and 50 kg N were significant in 3 locations :  Kundasale (3}, Peradeniya
(4) and (5). The highest yield at the 50 kg N/ha recommended level of N was
reported in Kundasale (3) (4.87 t/ha) and lowest for Peradeniya (6) (2.4 t/ha). Under
intercropping yield differences between zero and 25 kg N were significant in 5
cases, Kundasale (1), (2) and (3), Peradeniya (4) and (5). The highest and lowest
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yields for zero and 25 kg N levels were :  0.32 t/ha in Peradeniya (4) and 2.56 t/ha
in Kundasale (2), respectively. As evident, wide yield variations have been reported
for various experiments in both locations. Gunasena et al® reported similar yield
variations in the previous intercropping studies, Such variations could be expected
to result from agroclimatic variations among locations,” as the differences in the
total N contents amoanyg locations varied omnly slightly. :

TABLE i. Moan grain yield of maize and sovabean under various levels of nitrogen. t/ha.

Mon&:rﬁp System Intercrop LSD CvY%
: System P=005
Rate of N, kg/ha
59 25 1 25 0
Maize 3.64 3.38 3.1 3.41 2.45 0.29 - 164

Kurdasale {I) Soyabean — — — (.36 0.46 0.40 0.16 73
Total 3.64 338 3.1 0.36 3.87 2.85 0.46 14.9

Maize 3.33 3.27 275 3.29 246 .30 20.4

Kundasale {2) Scyabean — — — 0.21 0.27 0.26 .11 6.3
Total 3.33 3.27 2.75 0. 2] 3.56 2.72 i.08 20.3

" Maize 487 359 351 38 199 071 168
Kundasale (3) Soyabean  — — — 0.86 0.49 (.60 0.92 10.4
Total 4.87 3.59 2.51 (.86 4.38 2.59 0.63 6.0

T Mae 387 158 034 201 031 031 109
Peradeniya (4) Soyabean — - - 3.03 1.94 1.92 0.82 246
Total 3.97 1.98 0.34 3.03 3958 223 0.56 12.0
 Maize 451 34 119 372 212 063 136
Peradeniya (5) Soyabean  — —_ S 2.21 LG9 0.85 .25 18.0
Total 4.51 3.41 1.19 2.21 4.41 2.97 0.53 1.5

''''' Maize . 240 172 082 173 118 061 249

Peradeaiva (6) Soyabean —- — — 0.84 0.28 0.19 0.29 26.8
0.8 1.37 0.71 19.5

Total 2.40 1.72 0.82

84 2.01

ii. Effect of Cropping Svstem— At zero N, maize yields were somewhat depressed
by intercropping except in two cases; Peradeniya (5) and (6). However the reduction
was not significant.  The yield gap between mono and intercropped maizs tended to
decrease at 25 kg N, Although the differences were non-significant, yicld tended to
increase in most of the trials.  This may probably be due to the inability of maize fo
compete with the scyabean for available nutrienis and other resources. Similar
corclusions have also been reported by Harwood and Banta9  However, the treat-
ment trends suggest that maize could withstand intercropping with soyabean.
Feels? and Gunasena ¢t af® reported similarly. This would indicate that there is
competition  between maize and interplanied legume for nutrients or other re-
sources and that the competitive eficcts decrease as N level increascs. The results
also suggest that future cxperimentation should include higher rates of N under
intercropping.
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3.2 Yield of Soyabean—Except in a few cases, intercropping depressed the vield of
soyabean. Monaocroppedisoyabean at zero N out-yielded intercropped soyabean at
the same level of N in four out of six locations. Exceptions were : Kundasale (1)
and (2). The yield increase was sigaificant in two locations, Peradeniya (4) and (5).
However, intercropping at 25 kg N decreased the magnitude of yield reduction and in
four locations yield increased over intercropped soyabean at zero N. This would
suggest that at Jow N levels, the shading effect due to the row crops is less severe.
At high N levels, however, reductions in legume yields have been reported.s

3.3 Yield of Total System—In general, total yield of the intercropped system increased
and depended considerably on N level used. Thus, at 25 kg N total yield increased
under intercropping in ail six locations, the differences being significant in Kunda-
sale (3) and Peradeniya (4) and (5). Intercropping at ¢ N level increased total vield
over monocropped soyabean in all except Peradeniya (4). In the case of maize,
however, total yield of the system exceeded only in two locations. This could be
expected a3 monocropped maize at zero N will have better competitive ability over
the intercropped systern.  The magnitude of the differences varied widely depending
on locations. In general, this would indicate that iniercropping makes better overall
resource use than when the samie crops are grown separately. The results of these
andt previous studies® show a potential for a total production system if placi types
of a2 complementary nature could be selected to exploit those specific enviromments.
Similar results have been reported for maize-soyabean combination, 12 for maize-
groundnui and maize-mungbean combinations' and for rice-soyabean and maize-
soyabean combinations.?

3.4 Augmented Intercrop Systems—Four different augmented intercrop systems with
the corresponding monocrops were tested. There were three augmented intercrop
systems in Kundasale and two at Peradeniya with the locally potential legumes used
in the combination. The mean yield of monccrop maize at zero N level from the
main experiment have been used for comparison with intercropped mazize, in the
respective experiments. The mean yield data of the cropping systems is indicated
in Table 2.

3.5.1 DMaize-Cowpea lutercrop system

Maize-cowpea intercrop system was augmented in 5 experiments with three trials at
Kundasale (1, 2 and 3) and two trials (4) and (5) at Peradeniya. Intercropped maize
out-yielded monocrepped maize in three trials, with yield increases as high as 78%
and 103 % in Kundasale (1} and (2), respectively. in Peradeniya (5), intercropping
decreased maize yield by 549 while equal yields were reported under both crop-
ping systems in Kundasale (3).  Similar results have been reported by Haizel® when
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maize was intercropped with cowpea in two cropping seasens. This indicates the
compatibility of the maize-cowpea intercrop system suggesting the insignificant
competitiveness for available scil nutrients and other resources, perhaps due to
differences in the rooting habit of the crops. On the other hand, Agboola and
Fayemi! studied the effoct of intercropping maize with cowpea at varying levels of N
and found that maize yield decreased only at lower levels of N, suggesting com-
petition between mnize and interplanted cowpea for N and that the competitive
effect decreased as N level increases.

As a generzl trend, cowpea yields were depressed by intercropping.  The highest
reductions were ia Kundasale trials 1 and 2 (56 % to 74 %) while in others, the magni-
tude ranged from 145, to 26%,. The poor yields reported for cowpea could have been
due te shadiag offuct of the row crop, elthough this argument may have been more
appropriaie, if N was applied to the row crop and not grown at zero level of N.

As indicated in Table 2, excepr in Perademya (5), yield of the total system was
higher than the monocrop of either maize or cowpea. The magnitude of the difference,
however, varied with location.

Tipie 2. Moan grain yvield of augmented (unreplicated) intercrop systems, t/ha

Kundasale Kundasale Kundasale Peradeniya Peradeniya
1 2 3 4 5

Crop used

Inter Mono Inter Mono

Inter Mono Inter Rono  Inter Mono
Maizo 070 045 212 119 082 082 615 580 206 450
Cowpoa 075 130 046 105 017 020 105 108 071 085
Total 1.45 258 0.99 .20 277
Maize 0.40 217 119 134 082 232 450
iviungbean 044 1.00 0.45 .09 0.54 5.6 1.16 1.60
Total 0.84 2.62 1.88 3.48
" Maize 7 139 1.19
Bush bean 0.1 021 097
Total 060 020  1.60
Riae 137 082
Groundnut .82 1.39
Total 2.19

352 Maize-munghean Intercrop System

Maize-raungbean intercrop sysicm was tested in Kundasale (1), (2) and (3} and
Peradeniya (5) only. Intercropped maize increased yield over its monocropped
counterpart in three out of four trisls, with increases ranging from 169, to 82%,. In-
tercropping decreased maize yield by 487, in Peradeniya (5) only.
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As reported in maize-cowpea intercrop system, mungbean yield was depressed
under intercropping in all trials. The magnitude of yield reduction varied from
27% to 58%, the highest being for Kundasale trials (1) and (2) (56% to 58 %)

The total yield of the system was higher in Kundasale (2) and (3) compared to maize
or mungbean monccrop systems. The exceptions were in Kundasale (1) and Pera-
deniya (5) where mungbean and maize monocrops exceeded the total yield of the
system.

3.5.3 Maize-dwarf bean Intercrop System

This intercrop system was tested in Kundasale (1) and (2) trials only. Similar i
that reported above, intercropped maize yields were higher than monccropped maize,
being 42 % and 16 %, in Kundasale (i) and (2) respectively. Legume yield decreased
in both experiments due to intercropping, the reduction being 78%. The total
system yield was higher than under the monocrop system.

3.5.4 Maize-Groundnut Intercrop System

Intercropped maize increased yield by 68 7, over monocropped maize in Kundasale(3),
while monocropped groundnut outyielded intercropped groundnut by 717, The
total yield of the system was higher than those of the monccropped system.

Human Nutrition Value

The effect of the cropping systems and N level on crude proicin content of maize and
soyabean in three trials at Kundasaie are indicated in fable 3.

TapLe 3. Effect of cropping system and N level uon crude protein content of maize and soyabean
crude protein %

intercrop

Monocrop System System Lshy Q¥

N, kg/ha 5000  25.00 ] 25.00 0 P=0.05 (%)

Maize  10.56 1000 975 994 900 022 U6

Kundasale (1) Soyabean —— —— — 3363 33.11 32.95 .08 i

Toial )

kg/ha 38.42 33.79 30.24 11.90  49.44 35.31 0.30 4.6

Maize 9.94 9.63 8.69 —_— 10.06 8.75 0.18 9.7

Kundasale {2) Soyabean — — - 355 3506 3440 0.25 52
Total

kg/ha 33.11 31.52 23.94 7.50  42.54 30.41 0.26 4.1

- Maize 838 1 TH5 i BB LS BES  BIT ST

Kundasale (3} Soyabean — —- - 3174 3243 3300 0.50 5.1
Total

kg/ha 4094 2782 1924 2742 4464 3313 026 45
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N increased the crude protein content of maize under both systems of cropping.
In monccropped maize, the differences were significant in Kundasale (1) and (2) at
both 25 kg N and 50 kg N and in Kundasale (3) at 50kg N only.

Similarly, under intercropping, the crude protein content of maize increased in
the 25 kg N level in all trials, the differences being significant in Kundasale (1) and
{3). At 25 kg N, intercropping depressed crude protein content of maize in two out
of three trials, the difference being significant in Kundasale (1) and (3). A similar
effect was noted at the zero M level. The crude protein content of intercropped
soyabean increased in the 25 kg N level in two trials, the effect being significant in
Kundasale (1) and (2). Monocropped soyabean significantly increased crude protein
content in Kundasale (1) and (2). The results indicate the possibility of enhancing
the crude protein content of intercropped soyabean with N application.

In general, applied N tended to increase the crude protein content of both maize
and sovabean. Although intercropping tended to depress the crude protein content in
some cases, the erude protein harvest of combined maize-soyabean was significantly
higher than that of the monocropped system. Since soyabean contains a higher
content of amino acids, including those deficient in maize, intercropping could substan-
tially contribute to the protein intake, which is below the required minimum in most
Asian regions. From a human nutrition point of view, therefore, intercropping will
be of great importance.

Economics

A method commonly used to assess intercropping advantages is the Land Equivalent
Ratio (LER), defined as the relative land area required for monocrops to produce
yields obtained in intercropping.!®> The yield increase shown by the LER could then
be used to calculate the moneiary advantage.

LER computed st various levels of N are given inTable 4. For convenience of
comparison, data collected in the same season in different locations were grouped
fogether, e.g.—Kundasale (1) and (2) and Peradeniya (4) and (5).

Tapte 4. Land Equivalent Ratio (LER) for intercropped maize-soyabean

25 kg Njha 0 kg Niba
Kundasale (1) and {2) 1.40 0.95
Kundasale (3) 1.21 1.03
Peradeniya (4) and (5) 1.55 1.41
Peradeniya (6) 1.16 1.68

17262—3

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/

92 H. P. M. Gunasena, R. Sangakkara and Precthi Wickremasinghe

At 25 kg N, LER increased in all experiments. The highest LER was recorded for
Peradeniya (4) and (3) 1.55 followed by Kundasale (1) and (2) 1.40. At zero N, the
highest LER was for Peradeniya (6) and the lowest values of LER could be attributed
to the lower yields obtained {rom intercrops compared to the monocrops, Com-
parison of the values of LER indicates better land utilizaticn due to intercropping.

The total economic valae of the produce cbtaived (Rstha) from both systems of
cropping is shown in Table 5. The data was computed on the basis of market prices
prevailing during the period of cxperimentation. In all experiments, regardless of
N level, the intercrop system provided higher economic returns than the corresponding
menocrop system.

TarlE 5. Economic returns (Rs/ha} of mono and intercropping at varyiag N levels

Expt. No. Crop Wionccrop sysiem intercrop sysien
(Rs/ha)  (Rs/ha)
N kgiha 50 5 O 25
Maize 5894.40  5618.10  4942.73 5664.15  4144.59

Kundasale (1 and 2) Sovabean  — — — 1396.85  1427.55  1320.10
Total 5894.40  5618.10 494278  1396.85 704170  5464.60

" Maize 8273.65 6078.60 4236.60 — 6585.15 3361.65
Kundasale (3) Seyabean  — — — 340770 1857.35 237925
Total 8273.65  6078.60 423660 240770 §442.50  5740.90

L Maize 7183.80  4543.60 1274.05 — 4835.23 2041.55
Peradeniva (4 and 5) Soyabean — — — 1034590  5188.30 544925
Total 7i83.80  4543.60 [274.05 1034550 10023.55 7450.80

: Maize 4067.75 2501.13 1381.30 — 2916.50 1995.50
Peradeniva (6) Soyabean — — —- 328480  1089.83 752.15
Total 4067.75 2901.15 1381.50 32B34.90 4004635 2747.65
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Induction of Parturition in Sows with Prostaglandin Fi.
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(Paper accepted : 31 July 1979)

Abstract 1 Forty two cross bred sows were used to study the efficacy of prostaglandin
F, on induction of parturition and its effects on sow and litter performance subsequent
to farrowing. Twenty mg of prostaglandin Fpy, was administered as a single intramus-
cular injection between day 10% and 111 of pregnancy, The response to treatment
was 899% and the mean interval t¢ farrowing was 33,3 + 5.5 hrs. The gestation
period of the treated sows were significanily shorter (p > 0.001) compared to controls
(110 + 0.8 vs 114.3 + 1.6 days). The mean birth weight of the piglings in the treated
group was found to be significantly lower (p < 0.05) than the control (2.62 4+ 0.33 vs
2.84 + 0.81 Ibs). The mean littor size at birth, weaning weight and the number of
pigs waaneid per litter were not affected by prostaglandin treatment. Day 109 of
pregnancy was found to be little carly, for induction of successful pariurition as
troatment at this time resulied in more still-births. Post weaning reproductive perfor-
mance of the treated sows was also not affected by prostaglandin treatment.

1. Intrcduction

The development of artificial meihods for regulating the onset of parturition in
farm animals has long been a goal of animal physiologists. Effective methods for
controlting the time of onset of parturition would have several practical appiications.
Parturition can be induced by the administration of corticosteroid and prostaglandins
in cattle, sheep, horses and swine.2 Daily injections for three days of 75 mg of
dexamethasone induced parturition in sows? but did not provide an accurate prediction
of farrowing time. A single intramuscular injection of prostaglandin Fyy (PGF;x)
given after 110 days of pregnancy will induce the onsct of parturition within 40 hrs
or less in a high percentage of sows.* Subsequent studies using PGFyq** and analogues
of PGF,! have supported these findings. However, considerable variability in
response was also reported.®. !¢ Variability in response was attributed to the effects
of genetic and environmenta! factors.> The present study was conducted to assess
the efficacy of FFG,y, in inducing farrowing incross bred sows, in Sri Lanka. The
effect on litter performance and posi weaning sow performance were of particalar
interest.
2. Experimental

A total of 42 cross bred sows were used in this experiment. The sows were managed
intensively at Mahaberiatenne farm, National Livestock Development Board,
Teldeniya, Sti Lanka. The clevation in this area is about 1000 ft above sea level,
the temperature ranges from 68F° to 84°F, relative humidity 72% and the annual
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rainfall is betwesn 55 to 75 inches. The sows in the farm were given lorally mixed
concentrate feed containing 16 % crude protein at the rate of 2 Ihs per sow per day
before service. Thereafter, the amount of concentrate was gradually increased upto
6 lbs per day per sow before farrowing.  Ad-lib feeding was given during the period
of lactation. A creep foed of crude protein content of 209 to 21% was gradnally
iniroduced to the piglings one week afier farrowing and given ad-lib upto 2 months
of age when they were weaned from the sow and transferred to the fattening unit:

The experiment was carried out in iwo sizges. Initially, a preliminary trial was
done to determine the effective dose of PGF,y to induce farrowing successfully. In
this trial, four sows were given PGF,y intramuscolarly at the rate of 5 mg per sow,
4 sows with 10 mg and another 4 sows with 20 myg of PGF,.10 The results of this frial
suggested that 20 mg of PGF,, is the optimum dose for induction of parturition in
sows. In the experiment proper, 30 sows were used.  Ninsteen sows were treated
with & single intramuscular injection of 20 mg of PGF,y end 1ke bzlence 11 were kep
as controls. Al anirnals were not treated on the same day but on several visits withint
one and a half months. The pregnancy period of treated sows varied from day
162 to 111 (day 1 == day of service). The PGF,, treated and the control sows were
kept in different seis of farrowing pens.  These pens were in pairs, each pair having a
common opening so that only the pigiings can go through. The sows were housed
in stch a way that there was no mixing of piglings of the ireated and control groups.

Constant observation was made following treatment to determine side effects, to
record the interval from injecticn to the birth of first pigling, the interval between
births of successive piglings, signs of dystocia and retained placenta. Baby piglings
were wiped dry immediately after birth, numbered and weighed. The number of
piglings born alive and the still-births were recorded. Piglings were weaned at the
age of 2 months, their weight recorded and trapsferred to the fattering unit. The
s0ws were served at post weaning oestrus and the time from weaning to fertile oestrus
was determined, The litter size and birth weighis were also recorded at subsequent
farrowing. Student ‘t’ distribution was used to test the siguificance of treatment
effects.

3. Resulis

The results of the response of sows and litter performance following treatment are
summarised in Table 1. Of the 19 animals treaied with PGF,,, 17 responded to
treatment and farrowed within 22 to 44 hrs with a mean interval of 33.3 + 5.5 hus.
The distribution of sows according to the time interval from the administration of
PGF, o until birth is shows in Figure |, and it can be seen that 7 out of 19s0ows farrowed
32 to 37 hours after treatment. The twc sows which failed to respond to treatment
farrowed 75 hours later. The pregnancy pericd of the ireated sows was significantly
reduced (p < 0.001) compared to the control group (110.8 + 0.8 vs 114.3 + 1.6 days).
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"There were no signs of dystocia or any significant differences in the time taken from
the birth of first pigling to expulsion of placenta, in either group. In both treated
and conirol sows, milk was present in the mammary glands prior to the onset of
parturition and normal milk secretion was initiated following parturition except for
one sow in the treated group.

TapLE |. Effects of intramuscular injection of prostaglandin Fpg on production
characteristics of sows and piglings.

Characieristics Treated Contiol
Total number of animals 19 i1
Gesiation length (days) {gy 1108 + 0.B** [143 4+ 1.6
Time from injection to farrowing (hours) 333 + 55 —
Litter size at birth {(numbers/litier) 87 + 2.0 88 -+ 346
Nuniber stili-born per htior 1.3 433 05 4+ 10
Live pigs ot birth (oumber/litier) 74 4 28 84 4 39
wean birth wsizht/nig {ibs) . 262 4+ 0.33(%) 284 + 028
Tinie from first pigling to expulsion of placenta (aours) 4.8 4 2.0 43 + 17
Live pigs weaned per litter 6T + 1 6.8 + 21
Moan weight at weaning (lbs) 2710 £+ 2.5 275 4+ 38
Tinw from weaning to fertile oestrus {days) 93 4+ 137 92 4+ 1.1
Mean Huter size st subsequent farrowing &9 o+ 27 -—
Mean birth weight st subseguent farrowing (ibs 288 + 0.21 -
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The number of live and still-born piglings per litter between the two groups did not
differ significantly (p > 0.05). The mean litter size at birth was 8.7 + 2.0 and
8.8 + 3.6 for the treated and control groups, respectively. Number of still-births
in the treated group was 22 and the control group 3. In the treated group all the
still-births were from the sows treated with PGF,, on day 109 of pregnancy. The
mean birth weight of the piglings was significantly reduced (p < 0.05} in the treated
group compared to controls (2.62 + 0.33 vs 2.84 -- 0.8). The weaning weight at
8 weeks and number of piglings weaned did not differ between the treated and control
EToups.

Soon after weaning, the sows returned to oestrus normally except for one sow in
the treated group which returned to cestrus 56 days after weaning and two sows in
the control group which took 25 and 34 days, respectively, to return to oestrus. The
distribution of the sows according to the period taken from weaning to fertile cesirts
is shown in Table 2. [t can be seen that the majority of them returned to oestrus
within one week after weaning. The mean litter size and birth weight of piglings
at subsequent farrowing for the PGF,, treated group were 8.9 + 2.7 and 2.88 + 0.21
Ibs respectively.

TasLe 2. Frequency distribution of sows according to the time taken from
weaning to the first oestrus

0—3 days 46 days 7--10 days 10 days Total

Treated 3 10 b i 19
Control 3 5 s 2 10

In addition to the effects related to parturition, the following behavioural changes
were observed in almost all the treated animals immediately after PGF,, treatment.
There were increased swealing in the nostrii region, increased respiration rate,
increased grunting, rooting and biting various objects in the farrowing pen. These
reactions werc observed 10 minutes after the administration of PGF,, and lasted for
about 30 minutes.

4. Discussion

The results of this siudy demonstrate that administration of 20 mg of PGF,y to
pregnant sows after 109 days of pregnancy, induces parturition 33.3 + 5.5 hours
later. Similarly, Diehl and others® observed that the interval from administration of
PGF,,, until birth of first pigling was 33 £ 2 hours. Ash and Heap' and Downey
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er al® found that parturition began zbout 26 and 27 hours, respectively, after
the injection of analogues of PGF,,. In the results reported here 899 of the sows
farrowed within 22 to 44 hours. This is in agreement with previous studiss, reporting
809 to 90%, of animals responding to treatment with PGF,,. %12

The number of live piglings at birth was not affected by PGF,,, treatment. However,
the mesn birth weight of the piglings in the treated group was significantly lower than
the controls. Similar observations were made by others.51L12 This low weight
is expected, because parturition was induced and piglings are born 3 days early.
Inspite of the low birth weight, the mean weaning weight and the number of piglings
weaned at 8 weeks in the treated group did not differ from the controls and this
observation agsin is in agreement with previous siudies. Even though there were
22 and 5 still births in the treated and control groups, respectively, the difference was
not significant. In the treated group, all the stili-births were from sows treated with
PGF,y on day 109 of pregnancy. Hence, it is not advisable o induce parturition
before day 110 of pregnancy.

Very litile data is available cn the post weaning peiformance of PGF,y treated
sows. The 1esults of this study clearly demonstrate that post weaning fertile oestrus,
subsequent litter size and mean birth weight were not affected by PGF o treatment.

In conclusion, the resulis of the present study demonsiratas that PGF,, can be used
as a management tool to conirel time of parturition of sows in Srvi Lanka. Earlier
relevant studies indicate that majority of the still-births cccur during the latter
stages of farrowing and these losses can be reduced if the exact time of farrowing is
known. Further, if pariurition can be limited io daytime only, piglel survival would
improve in farms where night time farrowings are allowed presently to proceed
unattended. Successful utilisation of the induction of farrowing is dependent on
having a full conirel of the breeding programme, adequate facilifies and a well
trained labour force.
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Rubber Seed Meal as a Protein Supplement in Growing Swine
Rations

A, 5. B. RAJAGURU aND V. RAVINDRAN :
Department of Animal Husbandry, University of Peradeniva, Peradeniva, Sri Lanka.

{Paper accepted : 27 August 19790

Abstract ¢ A study was conducted io investigate the effects of different levels of rubber
seod meal on the performance of growing swine. :The results indicate that rubber seed
meal could be included in swine rations only upto 109 level.  Poor performance of
_swine fed on rations containiag 20 % and 30 % rubber seed meal was atiributed to dofi-
ciencies of lysine and sulphur amino acids, rather than to the presence of cyanogenic
glucoside. :

1. TFetrodaction

The usefulness of rubber seed meal as a protein supplement in poultry rations is well
documented 297 However there is no record of the use of rubber seed meal in
swine rations. Hence it was intended in this study to investigate the possibility of
utilizing rubber seed meal as a replacement for coconut poonac which is the traditional
protein supplement in rations for growing swine. This ¢rial was conducted at the
Swine Production Unit of the Departmsnt of Aninal Husbandry of the University
of Peradeniya, Sri Lanka,

Tasie 1. Chemical compaosition of rubber
seed meal (%

Dry matter —  91.14
Crude protein — 2470
Eiher extract — 7.18
Crude fibre — 10186
Ash -= 5.59
Nitrogen free extract -— 3761
Hydrocyanic acid —_— 0.0019

2. Experimental

The rubber seed meal used was supplied by Lever Brothers (Ceylon) Ltd., and the
proximate analysis of this material is shown in Table 1.
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TasLE 2. Percentage composition of rations used in the trial.

10% Rubber 20% Rubber 30% Rubber

Control sced meal seed meal seed meal
Coconut poonac 30 20 10 —
Rubber seed meal - 10 20 30
Wheat flour 40 40 40 : 40
Rice polish 23 23 23 23
Meat meal 5 5 5 3
Bone meal 2 2 2 2
Zoodry* 0.25 0.25 0.25 - 0.25
Proximate ce}mp{:sition”‘
Crude protein % 15.90 16.24 16.58 16.92
Crude fibre 9% 4.84 4.69 4.54 4.3¢9
Ether extract % 5.31 5.81 6.31 6.81
Ash 9% 7.20 7.14 7.08 7.02

*Vitamin and mineral supplement **Calculated values.

Thirty two crossbred swine, of approximately three months of age and weighing
an average of 18.12 kg, were allocated at random to four ireatments. A coconut
poonac based ration, which was balanced to carry the nutrient reguivements of
growing swine as recommended by the National Research Council®, served as the
control. The coconut poonac was replaced by 15, 20 and 30%, levels of rubber seed
meal in the experimental rations. Compesition of raticn is presented in Table 2.

The housing and fecding procedures used in this trial were identical to those
described by Rajaguru ef al® Intake capacity of feed in cach group was ¢stimated at
the beginning of each week, on the basis of feed consumption per half an hour. The
feed provided per meal, in all groups, was then resiricted to the lowest estimate
recorded per group, so that the feed intake between groups was maintained at the
same level.  The feed intake determined this way was used as the basis of feeding
during the week. Weekly weigiit gains were recorded throughout the trial period,
which lasted eight weeks.

3. RBesalts

The effect of different levels of rubber seed meal on the performance of growing
swine is shown in Table 3.
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TaBLE 3. Mean offects of different levels of rubber seed meal on rate and efficiency of
gain of growing swine.

Initial Final  Weight Feed Feed

weight weight gain  consumption  Conversion
(kg) (kg) kg) (kg) efficiency
Control 17.50 35.64 18.14% 70.0 3.85% |
10% Rubber soed meal 17.67 34.12 16.45% 70.0 4.25%
20%; Rubber seed meal 19.09 33.57 14.48b 70.0 4.808
309, Rubber seed meal 17.61 25.97 8.36° 70.0 §.37¢°

Statistical significance at 5% level is denoted by different letters.

There is no significant differences in the weight gains or feed conversion efficiency
of growing swine fed on control ration and those fed on rations containing 10 %
rubber seed meal. However, the growth response and feed conversion efficiency were
depressed progressively and significantly as the levels of rubber seed meal in the
rations were increased.

4. liscussion

The results indicate that the rubber seed meal could be used only upto 107 level in
growing swine rations, Incressing the levels of rubber seed meal over 10 9 depressed
performance of growing swine.  This effect may be attributed to amino acid imbalancs
rather than auy other nutrient deficiency, since the composition (Table 1) and meta-
bolizable energy values® of rubber secd meal are somewhat simailar to those of coconut
poonac, When the essential amino acid requirements of growing swine’ was com-
paved with ihe amino acid profile of rubber seed meal,® it was revealed that rubber
sced meal is deficient in lysine and sulphur amino acids for growing swine. Vaiious
workers have suggested similar amino aci¢ imbalances in rubber seed meal based
poultry rations.2” Thus by supplementing theso essential amino acids, it may be
possible to improve the nutritive value of rubber seed meal for growing swine,
Furiher rescarch in these lines is suggested.

The presence of cyanogenic glucoside in rubber seed meal was reported first by
Bredemenn.! This delaterious factor is mainly found in the kernel of the seed and
would be destroyed at temperatures above 25'C2 The decorticated rubber seed
mea! used in this trial contained less than 0.002 % (20 PPM) HCN hence, this could
not have been the reason for the poor performence of swine fed 205, and 367, rubber
seed meal. Rajaguru ef af® reported that growing swinz could tolerate cyanide
fevels higher than this.
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Manioc lLeaf Meal {Manihot esculanta Crantz) as a Source of
Protein for Fattaning Swine

A. 8. B. Rajaguru, V. Ravinpran AND R. M. RANAWEERA BaANDA
Department of Animal Hushandry, University of Peradeniya, Peradeniva, Sri Lanka.

(Paper accepied @ 27 August 1979)

Abstract 1 Studics were conducted to evaluate manioc leal meal MLM as a source of
protein in rations for growing and finishing swine. The results suggest that MLM could
ke included upto 309 level in fattening swine rations, without any adverse effecis on
the performance of animals. Significant improvements in growth rate and feed conver-
sion effictenicy were observed in growing swine fed on 20% and 30%; levels of MLM
when compared to the coconut meal based control ration. This cffect was attributed
to the high lysine content of manice leaf meal.

1. Tetroduction

The rapid increases in cost and shortages of coconut meal, which is the major
protein supplement for swine in 8ri Lanka, has bampered the expansion of the swine
industry during the recent past.  Thus, it has become necessary to find alternate cheap
sources of protein to replace coconut mea! in rations.

Manioc Leal Meal (MLM) is potentially a geod source of protein (Table 1) and
it may be possible to use it as a substitute for coconut meal. The essential amino
acid profile of manioc leaves has been reported to be comparable to that of soyabean
meal 8 Further, manioc leaves apparently contain adeguate amounis of vitamins
and minerals for inclusion in livesiock rations.?.8 Despite of a certain amount of
risk of toxicity due to its cyanogenetic glucoside content, MLM has been subjected
to much research work and there is sufficient evidence on the usefulness of manioc
eaf in pouliry ration.26.9.10 However, very little work has been done on the use of
MLM in swine rations.

Hence the trials reported here were designed to evaluate MLM as a protein supple-
ment for swine and to deterinine ihe possible levels of replacing coconut meal with
MLM in rations for both growing and finishing swine, The trials were conducted at
the swine production unit of the Department of Animal Husbandry of the University
of Peradeniya, Sri Lanka,

2. Experimental

MLM was prepared from fresh maiioc leaves and petioles, obtained from mature
plants at the time of harvest by wiliing in the shade for three days and drying over-
night in an Unitherm Gven at 100°C. The dried material was then ground into a
semi-powdery form. Siriwardenc and Ranaweeral® resorted to bruising of leaves,
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while wilting them in shade, to lower the cyanide levels. They recorded a cyanide
level of 0.0049% (4.9mg/100g) in their test material. However the procedure used
in our trials was sufficient to lower the cyanide levels to 0.00329 % (3.29 lmg/100g).
The proximate analysis of the MLM used is given in Table 1.

Tagtg 1. Chemical composition in
manioe leaf meal (27}

Dy matier G0.85
Crude protein 22.60
Ether extract 6.20
Crude fibre 19.71
Ash | 6.32
Nitrogen fres extract 36.02
Hwdrocyanie acid (FICH) 0.00329

Two trials were conducted using twoniy Large White male piglings in each trial,
utilizing the sams facilities and experimental precedure.  The housing and feeding
methods were similar to those described by Rajaguru ef al.” Intake capacity of feed
in each group was estimated at the beginning of each week, on the basis of the
feed consumption per half an hour.

The feed provided per meal, in all groups, was then restricted to the lowest estimate
recorded, so that the feed intake between treatments was maintained at the same
level. The feed intake determined this way was used as the basis of feeding tduring
the week,

2.8, ‘frial L

20 Large Whitz males selected from three littermate groups, were assigned at randem
into four treatments on the basis of weight. They were arcund 75 days of age and
weighed an average of 13.14 kg at the commencement of the trial.

A coconut meal based ration, formulated to contain the recommended nutrient
requircments of growing swine,® was used as the control. The three experimental
rations were formulated by substituting the coconut meal with 109, 203, and
30% MLM (Table 2).

The weckly weight gains were recorded until the termination of the trial, which
lasted five weeks.
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TasLE 2. Percentage composition of rations used for growing swine—Trial T.

Experimental Rations

Control  10% Manioc 20% Manioc 30%mManioc

Ration leaf meal leaf meat leaf meal
Coconut meal 40 30 20 10
Manioc Leaf meal e 10 20 30
Rice polish 25 25 15 25
Maize 16 16 17 16
Manioc chips 10 11 10 11
Milk powder 2 2 2 2
Fish meal 6 5 5 5
Bone meal 1 1 1 1
Zoodry* 0.25 0.25 0.25 0.25
Methionine 0.06 0.06 0.06 0.06
Chemical analysis (%)
Crude protein 16.0 15.90 15.91 15.69
Crude fibre 9.89 12.01 12.46 13.36
Ether extract 5.20 5.08 4.20 5.30
Ash 7.06 7.12 7.03 11.20
Nitrogen free extract 51.45 50.29 50.97 44.95

*Vitamin and mineral sunplement.

2.2. Trial II

107

20 Large White males, initially averaging 130 days of age and weighing 23.82 kg,
were randomly allocated to four treatments with five animals in each group. A
coconut poonac based ration, which was formulated to provide the nutrient require-
ments of finishing swine as recommended in the N.R.C. standards,’ served as the
control. 1n the three experimental rations, coconut meal was replaced by 10, 20 and
30% levels of MLM. The energy was kept at a higher level in this trial by using a
maize as the main energy source. Composition of these rations is presented in
Table 3. Weekly weight gains were recorded throughout the trial period, which

lasted seven weeks.

172625
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“TasLe - 3. Percentage composition of rations for finishing ‘swine—Trial I1

Experi'mental Rations

Control -~ - - e
Ration  10% Manicc 20% Manice 30% Manioc
_ - leaf meal leaf meal leaf meal
Coconut poonac 40 30 20 10
Manioc leaf meal o 10 : 20 30
Maize . 41 42 ‘ 41 42
Manioc chips 10 10 [V R 1l
Fish meal 6 5 R 5
Milk powder 2 > 2 s B o
Bone meal 1 | ‘ 1 Sl tneds
Zoodry* 0.25 0.25 0.25 025
Methionine 0.06 ¢ 0.06 - .06 0.06 -
Chemical analysis (34) : ; )
Crude protein I 14.36 14.28 . 14.88 - .15.39
Ether extract 6.75 6.00 6.20 5.30
Crude fibre ; 9.89 12.01 12.46 13.36
Ash ; 10.00 10.20 10.20 10.60
Nitrogen free extract . 49.00 48.33 47.18 45.85 .
‘Vi_tz:.min and mineral éupplement. e N
3. Results

3.1. Trial I

The effects of different levels of MLM or the petformance of growing swine are
given in Table 4. : -

TasLe 4. Mean effects of manioc leaf meal on weight gain, feed consumption :
and feed conversion efficiency of growing swine.

Initial Final Weight. Feed . Feed
weight  weight gain Consumption Conversion
(kg) (kg) (kg) (k) efficiency
Control 12,72 21.22 §.50a 52.80 6.09a
10% MLM 13.32 24.25 10.93ab 53.20 4.87b
209 MLM 13.18 25.32 12.14b 53.20 4.37b
309 MLM 13,32 . 2582 12.50b. 53.20 4.25b

Statistical significance at 5% level is denoted by different letters.

No significant differences were observed in the average weight gains, between the
animals fed on coconut meal based control ration and those fed on ration containing
109, MLM. Inclusion of both 209, and 30% MLM into the growing swine rations
resulted in sigrificantly higher weight gains over the control ration.  Feed conversion
efficiency of animals fed on rations containing all three levels of MLM was signi-
ficantly superior to those fed on control ration.
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3.2, Trial 1}
The performance of finishing swine fed on different levels of MLM is presented in
Table 3.

TapLe 5. Mean effects of manioc leaf meal on weight gains and feed conversion
efficiency of finishing swine.

" Initial | Final Weight Feed

Feed

weight weight gain  Consunmiption Conversion
(kg) (kg) kg) (kg) Efficiciicy
Control 24.09 4545 21.26 84.85 394
0% MLM 2348 43.33 19.85 84.85 4.27
20% MLM 2318 43.64 20.45 84,85 4.14

0% MLM 23.72 45.68 21.96 B4.R5 3.86

Data statisticaily not significant.

There wete no significant differences between the average weight gains or the feed
conversion efficiency of finisher swine fed on control ration and those fed on rations
containing 109, 20°% and 30Y% levels of MLM.

4. Discussion

The results of these two trials suggest the usefulness of MLM as a substitute for
coconut meal in rations for both growing and finishing swine. MLM could be
safely incorporated into swine rations upto 30% level without any adverse effect on
the performance of animals. This is to be expected, since the rutrient composition
(Table 1) and the metabolizable energy value'® of MLM are comparable to those of
coconut meal. Flowever, these results are in complete disagreement with the only
work recorded on the utilization of MLM in swine rations by Kok Choo and
Hutagalung* They reported that inclusion 10%; and 20%, MLM reduced palatability
and depressed weight gains and feed conversion efliciency in growing and finishing
swine. The explanation for the above disagreement probably lies in the differences
in HCN in the MLM used. Apparently the MLM used in their trials was not
processed to eliminate the HCN.  {t is well known that HCN depresses performance
of swine, by interfering with the cfficiency of energy utilization.’

The reason for the improvements observed in the performance of growing swine
fed on rations containing 209 and 30 % levels of MLM could be attributed to the
high lysine content of MLM. Rajaguru® reported similar resuits in the performance
of broilers fed on rations containing 209, MLM. It was reported that MLM contains
almost twice as much lysine as coconut poonac.® However, inclusion of MLM in
finisher rations did not result in any significant responses as observed with growing
swine (Tables 4 and 5). This difference may be due to the high lysine requirements of
growing swine, when comparcd with finisher swine.t,* The high vitamin and mineral
content of MLM?3® also may have influenced the superior performance in the
growing swine.
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Based on the results of this study, it may be concluded that MLM could be used to
replace coconut meal upto 30 % level in swine fattener rations. It is also apparent that
MLM does not carry any factors that affect the palatability of the ration. Further,
because of its high lysine content. inclusion of MLM will be of advantage in balancing
rations deficient in lysine. It may be advisable however to supplement the MLM
rations with methionine, since the HCN present in the MLM increases the require-
ment for methionine to provide sulphur for the detoxification of cyanide.?

Inclusion of MLM will also be an economic proposition as it could be prepared
cheaper as a by-product of manioc grown for tubers. From the foregoing explana-
tions, it could be recommended that detoxified MLM will be a substitute superior in
quality to coconut meal to be used in the swine feed industry. More work is essential
to study the effects of MLM in the carcass quality of swine.
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SHORT COMMUNICATION
Preservation of Murrah Buffalo Semen at 4°C
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Peradeniya, Sri Lanka.

(Paper accepted ; 31 July 1979)

The present consumption levels of milk in Sri Lanka is estimated at 1.4 ounces per
caput per day which is 70% of the consumption levels estimated in 1963.4 This
would mean that our present milk production levels need to be increased by nearly
8007, if we are to achieve nutritional standards of 5.49 ounces per caput per day,
recommended by the Medical Research Institute of Sri Lanka. This large gap
between production levels and consumption needs, calls for an immediate strategy
for the genetic improvement of our indigenous cattle resources from a national view-
point. Owing to this present need, the hitherto neglected Sri Lankan indigenous
buffalo is now being recognized as a potential milk producer on account of its rugged-
ness to thrive under adverse environmental conditions and poor nutrition. In 1967,
largescale importation of Murrah and Surti Buffalo breeds for cross breeding
purposes with local buffaloes to increase milk, meat and draught power were made
from India. One of the quickest ways of achieving this objective is by artificial
insemination. Artificial insemination service for buffaloes was available in Sri
Lanka during 1950/55 period, but did not gain popularity because breeding of
buffaloes for milk production was not appreciated then. At present, artificial
insemination with buffaloes is not practised in Sri Lanka. Further, no work has
been done on the preservation of buffalo semen in Sri Lanka. Hence the present
study was undertaken to compare the effectiveness of three diluents in preserving
Murrah Buffalo semen at 4°C.

Six gjaculates, one per week, obtained from a six year old Murrah Buffalo bull,
were used for preservation. The ejaculates were obtained by the artificial vagina
method, The diluents used were, modified tri-hydroxymethyl-methylamine (TRIS),
TRIS with egg yolk and illini-variable-temperature (IVT) medium. The components
of each of the above diluents is shown in Table |. Immediately after collection, the
seinen samples were assessed for volume, density, motility and dead sperm percentage.
The percentage motile spermatozoa was assessed as follows: the semen sample
was diluted with 2.9 % sodium citrate solution and a drop of diluted semen was
placed on 4 clean, warm slide. Individual progressive motility of spermatozoa was
observed under the microsvope and an estimate was made of the percentage of motile
spermatozoa. The semen samples after assessment were diluted with experimental
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diluents to give a dilution rate of 1 : 10 in 15 x 125 mm glass tubes. The tubes
were then capped and stored in a refrigerator. The temperature inside the refrigera-
tor during the experimental period varied between 4°C and 6°C. The stored
semen was examined daily on a warm stage (38°C) microscope for the assessment of the
percentage of motile spermatozoa. Dead spermatozoa percentage was counted after
staining the semen for 2 minutes with Eosin Nigrosin stain.

TasLe 1. The components of three diluents

TRIS diluent

TRIS ({tri-hydroxymeihyl-methylamine) 26497 g
Citric acid monochydrate 1.4652 ,,
Cysteine 0.10 »
Potassium chloride 0.04 i
Glucose 0.625 .,
Distilled water 100 mi
TRIS with egz volk diluest
TRIS 25192 g
Citric acid monohivdrate 1.3928 .,
Glucose 0.40 i
Egg volk 20 ml
Distilled water 80 5
Modified IVT (Illini-variable-temperature) diluent
Sodium citrate 20 8
Sodium bicarbonate 2.1 g
Potassium chloride 04
Sulfanilamide ! 3.0 2
Distilled water 100 ml
1000 iu/ml of Penicillin G and 1000 fig/m! of streptomycin were added to all the
diluents.

Semen volume ranged from 4 to 7.5 ml per ejaculate and the average sperm density
was 0.66 x 10° per ml of semen. The percent motile spermatozoa during storage in
the three diluents is shown in Table 2. There was a gradual decrease in the percentage
of motile sperm during storage in both TRIS and TRIS with egg yolk dilueni and
50%; motility was reached at 168 hours. Analysis of variance indicate that there is
no significant (p 70.01) difference in the percent motile spermatozoa during storage
of semen in TRIS and TRIS with egg yolk diluent. The results observed with TRIS
diluent in the present study is in agreement with the observation made by Chaube and
Sengupta.! However, Sengupta and Chaube,’ reported that TRIS with egg yolk
diluent could maintain 509 motility of buffalc semen for 216 hours, There was a
sharp decline in the percentage motile sperm in IVT diluent and 509 motility was
reached within 48 hours. Dagweker and Mitial,® reported that buffalo semen can be
preserved for 4 days with 509 motility in IVT diluent at room temperature. The
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reason for the poor response with IVT diluent observed in this study is not clear but
could be attributed to the difference in storage temperature, as the semen samples
after diiution was stored at 4°C in the present study.” The pe:rcent dead spcrmrttozoa
during storage of buffalo semen in three diluents at 4°C to 6°C is shown in Table 3.
Results indicate that percent dead spermatozoa gradully increased during storage in
TRIS and TRIS with ¢gg yolk diluent and reached 32% and 12% respectively; at
168 hours. This observation is in agreement with Chaube and Senguptal who
reported that egg yolk perwntdge in the duuentb helps to rediice dead spermawzoa.

TABLE 2. Peccent muule spcrmdtozoa during storage of bufh]u
bull semien’in different diluents at 4°C. (mean + 5.D)

Time TR 1th
e Lo
0 80.3 + 3. 80.8 + 3.0 20.0 + 29
24 788 + 1.3 78.0 + 2.4 7.0 + 11.1
48 77.0 + 2.4 750 + 29 50.0 + 2.5
T2 73.0 + 40 4.2 + 1.2
96 713 4+ 1.6 720 + 2.4
120 62.5 + 2.5 66.0 + 4.9
144 65.0 + 2.9 525 4+ 58
168 500+ 29 50.0 + 4.3

Tapte 3. Percent dead spermatozoa during storage of buffalo bull
semen in different diluents at 4°C. (mean + S.D.)

(gg::;;) TRIS jéé{;:}:i{icth‘ 3 s
0 106 + 2.9 99 4 9.3 104 + 48
2 128 + 0.6 92 + 1.2 152 + 6.5
48 18.0 + 7.4 100 + 2.7 263 + 82
72 18.6 + 85 1.8 1 96
96 2.3 + 18 11.0 + 2.7
120 247 + 5.7 118 + 39
144 285 + 2.5 125 4 2.5
165 120 + 2.9 12.9 + 3.1

In conclusion, the resulis of the present trial indicate that both TRIS and TRIS
with egg volk diluent could maintzain motility of 50% or above of Murrah Buffalo
semen upio 7 days. However, IVT diluent meatutained similar motilities upto 48
hours, only. The ferlility rate following insemination with preserved semen was not
tested in this study, However, studies in cattle indicate that there is a good correlation
between perceni motile spermatozoa and fertility rate. Further research is in
progress to evaluate suitable diluents to preserve Murrah, Surti and Local Buffalo
semen at room temperature, 4°C and — 196°C
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A study of various alkali treatments to improve the nutritive
value of rice straw

M. C. N, Javasuriva anD H. G. D. Persra

Department of Animal Husbandry, Uriversity of Peradeniva,
Peradeniva, Sri Lanka.
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Rice straw, the largest annually harvested agricultural by-product in Sri Lanka, is
little nsed as an animal feed because of its low nutritive value. Spray freatment with
sodimmn aydroxide sclution improves its feeding value®’ but the high cost of irsatment
prohibits iis use as an economical feed at prasent. The amount of sodium hvdr-

oxide reqguired for treatment is one of the maior cost components of this system.

A number of chemicals other than sodium hydroxide have besn tested for their
ability to increase digsstibiiity of roughayes®2 14120 bui nane have been proved to
oe as effective as sodium hydroxide.?

affectiveness of a

The present paper reports an cxperiment d
stibility of riee

number of alkain ipcluding wmmorniom b
straw, with a view to finding a low cost fve

i ,\("h‘i“t‘f Morris Laboratory mill} (o pass through a
sodiym hydroxide, so 1ium ul’bi}il&%@ﬁ, equal parts of
sodium hydroxide and sodiem carbonate. calcium ;s:)'tif'ie: or ammenigm
hydroxide. Milled straw (1@*’) 2} was mixed with i dution (0, 2.0, 4.0,
8.0, 840, 100, 120, 0r 140 ¢ ai..llr in 124 or 200 ml watet) in a domestic food mixer;
the alkali bciag.aml‘,d as a fine jst from a 20 mi syringe over a fiva minute period and
mixing continued for.a further five minutes. '

Rice siraw varicty H4, il
1.0 mun screen was ireated wiih

Four to six hours after treniment, the treated material was dried in an oven at
98°C for six hours and from these cuadruplicate samples containing 0.5 g siraw dry
matter were weighed inte 100 ml nolypropyiene Cé:lirifugc tubes for subsequent
in vitre digestion by the method of Tilley and Ters y Rumen liquor for in
vifro digestion was oh‘_.inu.i from fowr fistulated wether sheep of 25 kg average live
weight recelving a standard diet of 400 g hay and 100 g concentrate mixture.  Fistula-
ted sheep also had access to ad /ibirum mineral mixtare and drinking waler.

In view of the low crude protein conient of rice straw (4% to 57, in dry matier)
1.0 ml of 1.0N ammonium sulphate was added to each conrifuge tubs at the

time of innoculation with rumen liguor.

The effect of alkalis at different dilutions en ths in vitro oiganic matter digesti-
bility (TIVOMD) of rice straw iz shown in Figure 1. Sodium hydmxidc was clearly
the most effective alkali for rice siraw. This confirms the work reported els"wh&n.

for many low quality roughages.®’

172626
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Sodium carbonate alone was less effective than pure sodium hydroxide. But
unlike the findings of Chandra and Jackson! for ground maize cobs, the
mixture of equal parts of sodiumn hydroxide and sodium carbonate did not improve
the organic matter digestibility of tice straw any furiher than pure sodium carbonate.
This could have besu due to the nature of the substrate as different substratss may
require specific treatments,?

Similer to the work reportzd elsewhers?!! calcium hydroxide apneared to have
no effect cn the organic matter digestibility of rice siraw. This was probably
because of iis low solubitity since Gharib et of? found that when calcium
hydroxide ireated maierial was allowed to sioad for 150 days, its digestibility
increased as mauch as the material treated with sodium hydroxide. This could
be of significance when developing techuiques for easiling aikali treated straws.

in recent years, ammonium hydroxide has attracted much _;;tir:‘nu'on for the treat-
ment of roughages because of the added advaniage of increased nitrogen content of
the treated material. However as recorded by Waiss ef @/'* ammonium hydro-
xide was much less effective than sodiam hydroxide in increasing the digestibility of
straw. The poor response to ammonium hydroxide could have been due to the
‘open treatment’ practiced as a closed rwaciion vessel may probably be essential to
obtain maximum effectiveness.?

With all alkalis, the dilution rate examined showed o significant nfluence of
digestibility. As reported earlier®® there appears to be no benefit in increasing
the volume of solution beyond 120 ml per 100 g siraw.

Sodium hydroxide was the most effective alkali for improving the nutritive value of
rice straw. ‘The diminishing digestibility response with increasing level of sodium
hydroxide from 4 to 8 g/100 g straw is in general agreement with work that has been
reported eardier.®®  As suggesied by Jayasuriya,* 4 to 6 g sodium hydroxide per 100 g
Siraw dppears to be the most effective dosage for tizating rice straw. However in
view of the high cost of sadium hydroxide, more effective methods of treatment will
have to be developed if alkabi ireated siraw is to be of benefit to the ordinary
farmer. This aspect should receive high priorily in fature research.
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SHORT COMMUNICATION

.Chemical Characterization of Winged Bean,
Psophocarpus tetragonolobus (1.) DC and related P. Palustris
Desv.

Y. D. A, SENANAYAKE AND MarLiNi PONNADURAL
Department of Crop Science, Faculty of Agriculiure, University of Peradeniyea,
Peradeniva, S¥i Lanka.

{Paper accepted : 07 Novemher 1979).

Systematic and evolutionary studies on a wide variety of plants have been made on
the basis of chemical constituents.2” In one line of tnvestigations, paper chromato-
graphic maps of leaf phenolic compounds have been used for biochemical documen-
tation of plant species and for the identification of hybrids. 134782

The winged bean Psophocarpus tetragonolobus has evinced much interest during the
last few years as a potentizlly important legume for the developing tropics because of its
highprotein content and amino acid compesition which are comparable to the better
known soybean Glycine max (L). Merr.® The natural range of distribution of winged
bean is the tropical belt of south and south-east Asia. Papua-New Guinea is suspec-
ted to be its native habitat, OF the {ew species in the genus Psophocarpus, only winged
Lean and P. palustris are cultivated.  The latter however compared to winged bean
is a less vigorous creeper, bears smaller fruits and seeds and is native to West Africa.'®
Due to the wide separation of native habitats of the two species, an investigation was
begun to study their relationship through interspecific hybridization and distribution
of phenolic constituents on paper chromatograms. This 1epoit identifies differences
that were observed in the chromatograms of the two species.

Leaves of the two species harvested from plants grown in the field were used for
the study. 2g of fresh leaves were heated in methanol for 10 mts, then homogenized
in a Waring blendor and exiracted in a Soxhiet for 8—10 hrs. in methanol.

The extractant was concentrated in a vacuum at room temperature and the final
volume was prepared in the proportion of 1 ml for every 0.07g fresh weight of leaves.
The extracts were spotted on Whatman No. 1 paper at 400A and 4504 after preliminary
tests ranging from 50A to 4502 revealed these to be the best concentrations. Descen-
ding chromatography was used by running the papers in the first direction in butanol-
acetic acid-water (4 : 1 : 2.2 v/v/v} and in the second direction in 279 acetic acid.

The dried papers were examined in visible light and under ultra violet light (254my/
and 360 mu) before and after spraying with 1077 sodium carbonate. They were
next examined after spraying with sulphanilic acid (9 g sulphanilic acid + 90 mi
cone. HC! in 11 of water) and 4% sodium nitrate in the ratio of 1 : 3).
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The combined chromatogram of the two species is shown in Figure | and the detec-
tion methods and the appearance of the compounds are givenin Table 1. In this study
the spots were not identified. The chromatogram shows that there are spots commen
to both species (1, 2, 5, 9, and 10) even though the two species are widely separated
geographically suggesting a common origin in their evolution. Spots specific to the
two species were also found. For example while spots 11, 12 and 18 were found only
in P. tetragonolobus, spots 3, 6, 8 13, 14, 16, 17, 19, 20, 21, 22 and 24 were specific
to P. palustris. The larger number of species specific spots in P. palustris and the
prominent colours of some of them (3, 6, 8, 13, 14, 17) after spraying with Na,CO,
(Table 1) would be helpful in identifying this species and hybrids derived from it.
75%; of the spots were not comumon to the two species. Such a wide difference is
suggestive of a long period of isolation of the two species which could contribute to
reproductive barriers. Preliminary studies on interspecific hiybridization between
the two species (Senanayake, unpublished) suggesis that such barriers exist.

Taste 1. Colour reaction of spots on dry paper chromatograms

of I’ ietragonolobus and P. palustris
Dietection procedure Appearance Spot Mumber
Visible light Noas None
UV light-(254 mg) White i
Light purple 9, 10, it, 14
Purple 4.
Lignt blue 22
Light green 17
Bluish green 5
UV light (360 m it} White 1
Piak 2
Light blue 17, 22
Blue 14
Light green 20 &
Light purple 8
Dark purple 9, 10, 13
After Nas CO3 Spray
Visible light Yeliow 9, 10, 13
UV light- (254 mg) Light blue 12
Blue 14, 19, 20, 21
Purpie 6, 26

16,
Light brown 2
Brownish yellow 4
Light yellow 37
%
9,

8 11
Greenish yellow 6, 13
Dark vellow 1
UV light- (360 mg) Brownish yellow 1
Pink 2
Blue 12, 14, 17, 18, 19
Purple 24
Light yellow 1,5 8
*  Dark yellow 9, 10, 13
Light green 6
After sulphanilic acid Spray
Visible light Light brown 2, 13.
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Manuscripts and all correspondence relating
to them should be sent tc :

The Secretary, Editorial Board,
Journal of the National Science
of Sri Lanka,

47/5 Maitland Place, Colombo 17,
SRI LANKA.

EDITORIAL POLICIES

Submission of Papers : Papers are accepted
for editorial consideration with the under-
standing that they have not been
published, submitted or accepted for publi-
cation elsewhere. Papers accepted for
publication may not be published elsewhere
in the same form, either in the language
of the paper or any other language, without
the consent of the Editorial Board.

Council

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 louraal also
accepts Short Communications. They
should be submitted if the results
sufficient importance to merit publication
in advance of a full paper.
Languages of Publication : Sinhala, Tamil
and English.

All material sub-
iwo or more
Papers are

Referceing 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 to the style of the
Journal. Authors are therefore advised to follow
closely the form described in these instructions.

are of

PRESENTATION OF MANUSCRIPTS

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

Supplementary material of a detailed
nature, which is not 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 intc sections, and if necessary,
sub-sections. The following pattern is
suggested for Research  Papers : (a)
Introduction (b) Experimentai (c) Results
{d) Discussion (e) 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 cbject of the
work and to the work of other people.
Conclusions should not merely repeat
preceding sections.

No maximum

Special care must be taken in citing
references  correctly. Responsibility for
the accuracy of these rests entirely with

the authors. 1}t 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 pape. 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 should contain the article
title, the name(s) of the author(s) and
name and address of the establishment
where the work was carried out. In the
case of co-authors, respective addresses
should be clearly indicated. Female
authors should include cne 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 of this page,

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

The lasr page should contain (a) a noie
as to the number of manuscript pages,
figures and tables, (b) proposed running
title of less than 42 cheracters (leiters
and spaces) and (¢) the name and mailing
address of the person to whom the proofs
should bz sent.

Hiustrations All illustrations are consi-
dered as figures and each graph, drawing
or photograph should be numbered in
sequence with Arabic numerals. Authors
must submit the original and fwo dupli-
cates of each fizure. Figures should be
planned to fit the propertions of the prin-
ted page (12 x 17 cm).

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

to 60%,. If this is not possible, all letters
and numerals must be inserted clearly and
lightly in blue pencil and not in ink.

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

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

Photographs : Haif-tone illustrations should
be included only when essential. Good
glossy prints with sharp contrasts between
black and white arzas 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 oprinted page. They should be
numbered consecutively with  Arabic
numerals. 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 have
legends which make their general mean-
ing clear without referenge to the text
and ali table columns should have expla-
natory headings. Units of measure
should be indicated in parentheses in the
heading of each column. WVertical lines
should not be used and horizontal rules
used only in the heading and at the bottom.
A one-column table may be up to 42
characters (letters and spaces) wide. A
two-column table may be 90 characters
wide. Footnotes to the tables are to be
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placed directly below the table and should
be indicated by superscript lower-case
italic letters (@, b, c, eic.}. Each table
should carry on the back of the sheet
the author’s name and figure number.
The preferred position ‘of tables should
be indicated in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number refer-
ring to the list of references which must be
inserted on a separate sheet at the end of the
paper. The list should be arranged in alpha-
betical order by author and numbered in
Arabic numerals. All authors’ initials must
be given after surnames. The year of
publication should follow in parentheses.
When journal articles are listed, the journal
name should be abbreviated in accordance
with the World List of Scientific Pericdicals
1900—19460, 1372, 4th edn, London : Butter-
worths Scientific Publications. 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 volume number underlined
with a wavy lice to indicate bold type, the
issue number in parentheses and then the
inclusive pages. When beoks are lisied, the
order should be : author{s), year, book title,
velume number, edition, paginatienfinclusive
pages, place of publication and publisher.
When sectiotnis of a book are listed the order
sbould be : author(s) of section, year, the
word {n followed by author of book, book
title, velume number, edition, inclusive pages,
place of publication and publisher, The
series title of a book should be given in
parentheses after the publisher.

Examples :

Journal - Ancumor, JLE., Dicks, D. M.,
Evans, W. C. & Santra, D.K.

(1972) Planta Med. 21(4) :
46-420.

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

Section of

Book - ZitNak, A. (1973) In Chronic

cassgve toxicity : proceedings
of an interdisciplinary workshop,
Lendon, England, 29-30 January
1973, pp. 89-95. Otiawa:
International Development
Research Centre. (IDRC-00e).

Footnotes which are indispensable should be in-
dicated in the text by small superior figures and
listed on a separate page in the manuscript.

Abbreviations and Symbels recommended in
the various parts of British Standard 1991 :
Letter symbols, signs and  abbreviations
should be used. Authors are encouraged
to use the 8.I. System of units (see description
in British Standard PD 5686 : The use of
S. 1. Units).

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

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

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

Special instructicns in the fields of Physical,
Cheniical and Medical Sciences are avzilable
on application to the Secretary.

Short Communications : The Journal may
include a limited number of short communi-
cations. Authors should submit short com-
munications only when ihey 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
copy inclusive of illustrations and tables,
Short communications should be complete
in their cwn right and suitable for citation.
The title should indicate the content clearly
as these papers do not carry abstracts.

Proofs : Correcied galley proofs must be
returned to the Secretary without delay as
direcied. Failure to do so will result in
delay m publicetion. Correction of proofs
by authors must be resiricted to printer’s and
similar errors. They should be marked in
pencil. Any modificaiion of the original 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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