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P3UFACE
 

This book, as far as we know, marks the first publication of a collection
 
of scientific papers prepared by USAID Science Research Award Grantees.
 
Certainly, it is the first publication of a collection prepared by Thai
 
grantees. As such, we think it is a notable milestone.
 

The 45 papers included in the document were prepared for presentat *on at
 
a Conference of Thai USAID science research award grantees who parti
cipated in a Conference held in Nakorn Pathom, Thailand, in JLIy 1987.
 
Although, at the Conference, the presentations were grouped by area of
 
scientific emphasis, in this document it has been decided to group them
 
by the paiticular USAID funding award program under which thel were sup
ported (i.e. PSTC, CDR, or BOSTID) and, within those groupings, to pre
sent them chronologically (earlier grauts being presented before later
 
grants).
 

We gratefully acknowledge the active involvement and support of those
 
various ol.ficials of the Ministry of Science, Technology and Energy
 
(particulFrly Mr. Sajja Boonthittanont, Hs. Anocha Noodharmcho and
 
Ms. Than.rak ,hateepacanond and his colleagues), of Silpakorn University
 
(particAlarly Dr. Vivat Chantarapornchai), and of USAID (particularly
 
Dr. Jazoon Kumnuanta, Dr. Gordon Hiebert, Mrs. Wannee Vardhanabhuti and
 
Ms. 5usaba Tejagupta) who worked so hard to makc the Conference, and this
 
publication, possible. We also would like to express our appreciation
 
fo,: the assistance in editing this document provided by Ms. Lara Howley.
 

Wo know that the publication of this book will provide clear and convin
cing evidence of the wide-ranging and excellent capanilities of Thai
 
scientists. We are hopeful and confident that its publication will also
 
help us to achiev one of the major objeztiven of the USAID science
 
research award programs - that of stimulating even more new and
 
innovative research on problems confronting developing countries.
 

The Editors
 



FOREWOID
 

We are very pleased to have this opportunity to express some thoughts
 

about the papers included in this volume. These papers discuss projects
 

being carried out by Thai scientists participating in the MOSTE/USAID
 

wFifth Cycle Commemorative Conference of USAID Science Award Grantees',
 

which is being held to commemorate the 60th Birthday of His Majesty King
 

Bhumibol Adulyadej.
 

over the more than 36 years of association with Thailand, USAID has co

operated with Thai agencies and organizations in literally hundreds of
 

useful and impcrtant development efforts. One of the efforts we can be
 

most proud of is the curr ntly ongoing "Program of Cooperation in Science
 
m
and Technology . One of the most important elements of that program, we 

believe, is the worldwide competitive science research grants programs. 

These programs - the Program of Science and Technology Cooperation, the 

U.S.-Israel Cooperative Development Research Program, and the BOSTID 

Grants Program - are different and special. They are unlike any other 

programs mounted by AID in that financial support from those programs is 

made available not primarily on the basis of need, but rather, on the 

basis of potential for making a real contribution toward solving real 

problems facing the developing world. Support is provided not only 

because it is needed, but because the grantee has convincingly demon

strated that he or she has greater potential for making a contribution 

than the literally scores of other scientists who are seeking the grants. 

Thailand has done spectdcularly well in the worldwide ccmpetition for
 

grants under these programs. more than 20% of all the grants made avai

lable around the world have been won by Thai scientists. This accom

plishment says much for the quallhy of Thai science and Thai scientists.
 

reports included in this volume provide excellent
The research project 

testimony to the quality of Thai science, an to its Lelevance to problems
 

facing the developing world. They demonstrate conclusively, we believe,
 

that Thai science has come of age, that wworld class' science is being
 

carried out in Thailand. We congratulate and commend the contributors.
 

Sanga Sabhasri John R. Eriksson Robert F. Barnes 

Permanent Secretary 
Ministry of Science, 

Director 
USAID/Thailand 

Director 
Science & Technology Div. 

Technology and Energy USAID/Thailand 
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FY 1983
 

OCOMPARISON OF TWO IN VITRO TECHNIQUES FOR CULTURE OF PLASMODIUM FALCI-
PARUMO (3H-33)
 

UDOM CHITPRAROP1 /, CHIRASAK KHAMBOONRUANG 2/ , AND BARBARA B. JACOBS'/
 

I/ Malaria Center, Region II, Malaria Division, Chiang Mai, Department 

of Communicable Disease Control, Ministry of Public Health 

2/ Department of Parasitology, Faculty of Medicine, Chiang Mai Univer

sity, Chiang Mai 

The Malaria Center, Region II, Chiang Mai, under the CDC Department,
 

Ministry of Public Health, Thailand, in collaboration with the Department
 

of Parasitology, Faculty of Medicine, Chiang Mai University established a
 

malaria culture laboratory two years ago. One of the objectives in set

ting up this laboratory was to provide malaria-slide antigens to the Cen

ter, the Department, and the Malaria Division to be used for carrying out 

the Indirect Fluorescent Antibody Test (IFAT). IFAT is used in detecting
 

the anti-plasmodium antibodies for monitoring and evaluating malaria con

trol measures. Mass production of the slides was periodically undertaken
 

at the laboratory from erythrocytic stages of malaria parasites obtained 

from the culture. Although there are considerable difficulties in com
paring the methods used to culture the parasites from different labora

tories, an attempt was made to compare multiplication rates obtained by a
 

small-scale culture with those obtained by large-scale culture methods.
 

Three methods of cultivation were employed. One, a candle-jar method
 

(Trager and Jensen, 1976) using a Petri dish of 35 mm diameter. The
 

parasites, with a starting parasitaemia rate of about 0.12%, were cul

tured in a thin static layer of human red blood cells of 5% suspension 
with a total volume of 1.5 ml. Two, a large-scale method, as described 

by Siddiqui and Plamer (1981) was carried out by using 125-mI Erlenmeyer 

flask. Plasmodium falciparum isolates with a starting parasitaemia rate 

of about 1%, were grown in a thin settled layer of human erythrocytes.
 

The flask contained 0.5 ml packed cells, 8.5 ml of complete RPMI-1640 
medium, and I ml of human serum. The flask was supplied with a mixture 

of 2% 02, 8% CO2, and 90% N2 at a rate of 10 ml per minute. The 

third method was similar to the second one except that 2% hematocrit was
 

used and the flask was automatically rotated 15 minutes every four hours.
 

Over L50 malarial infected blood specimens were obtainea from the 

Malaria Clinics of the Malaria Center, Region II, Chiang Mai province and 

from various provinces of the Mala,:ia Zones under the supervision of the 

Malaria Center, Region II. A few infected blood specimens were obtained
 

from the University Hospital (Maharaj Nakorn Chiang Mai) and from field
 

time 18 strains are considered as wellcollections. At the present 

established and culture-adapted isolates. For this presentation, nine 

isolates namely: CM-I (Chiang Mai), CR-4 (Chiang Rai), IN-11 and LN-23 

(Lamphun), MS-7 (Mai Hong Son), PB-4, PB-7 (Petchaboon), PL-22 

1
 



(Pitsanuloke), and PR-2 
(Prae) were used for 
comparative studies. 
 As far
as the establishment 
of a culture-adapted 
isolates 
was concerned, it
appeared that 
the modified Siddiqui 
and Palmer method was superior to the
candle jar method. In the former method, a large volume of c( npletedRPMI-1640 medium and a continuous flowing gas mixture were used and theflask was shaken 
evEry four hours, whereas in the latter method, asmaller voluime of the medium was used, afrom gaseous condition was obtainedsmoke from a candle, and the red blood cells were static. The establishment of new isolates by the classical Siddiqui and Palmer technique 
was found to he fpredictable. 

To compiare the percentage of parasitaemia obtained by each method,
percentiles of parasitaemia were calculated from counting 2000 red bloodceils. friplicat:e counts were performed by candle jar method and duplicate count :- by large-scale methods. The percentages of parasitaemiaobtained from thih candle jar ranged from 2.42 (PR-2) to 15.13 (PB-7) withan average of iU.32. In the classical Siddiqui and Palmer method, parasitaemia ranged from 2.38 (PR-2) to 5.53 (PB-4) with an average of 3.76.In the modified Siddiqui and Plainer method, it- ranged from 7.90 (PR-2)12.98 (PB-4) with an average of 

to 
9.9i. it appeared that the amount ofparasitaemia obtained from the candle jar and t tie modified Siddiqui andPlamer methods were not significantly different; however, it slightlywas

lower in the classical SiddiqUi and Pf.lmer ie(thod. 

Multiplic:at ion rates (Final. parasitaemia/1nitLal parasitaemia) 
 of
each isolare obtained from each culture method were aLso compared. itwas found that the highest multiplication rate was obtained by tne cand.,;jar method with ain average of 9.88, ranging from 4.92 (PR-2) to 12.30(PB-7). Averages of multiplication rates of 3.15, ranging from 2.81(PR-2) to 3.bO (PB-4); and 1.01 ranging from 1.54 (CR-4) to 2.35 (PB-4)were obtained 
by the modified and classical Siddiqui 
and Palmer methods,
 
respectively.
 

From a known final parasitaemia rate of each isolate obtained by eachculture method, a total 
yield of infected red blood cells 
could be calculated 
as per plate or flask. The results showed 
that the yields of
infected 
 red blood cells were more 
than 2.68 times, by the modified
method: and 2.52 times, by the classical Sidd.qui and Palmer methods thanyield of the candle jar m-thod.the 
The amount of parasitaemia obtainedfrom large-scale methods 
was lower, 
but a larger volnime of red blood
cells was used. Therefore, this would reflect a higher yield of parasi

tized cellb.
 

For daily routine maintenance 
of culture-adapted 
isolates 
 in our
laboratory, 
it was concluded 
that the candle jar method was 
the most convenient and practical technique as 
 compared to large-scale culture
methods. The large-scale culture methods 
 required larger 
amount of
medium 
used and larger incubating space. 
 Transferring 
the medium was
also a laborious task. In addition, maintaining parasites was 4.5 timesmort expensive in the large-scale culture methods than in the candle jar 
method.
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Table 1 Comparison of expenses of material used and labor costs for 

cultivation of Plasmodium falciparum using three different 

culture techniques. 

EXPENSE (IN BAHT)
 

ITEMS CANDLE CLASSICAL MODIFIED
 

JAR METHODS SIDDIQUI METHOD SIDDIQUI METHOD
 

Material used
 

47.00 	 47.00
1. Glassware 	 10.00 

(Culture Dish, (Flask, 125 ml; (Flask, 125 ml;
 

Disposable) Resterilizing) Resterilizing)
 

2. 	Complete RPMI 1.00 5.00 5.00
 

(10 ml) (10 ml)
Medium 	 (1.5 ml) 


6.00 	 6.00
3. Red Blood Cells 1.00 

(0.075 ml) (0.5 ml) (0.5 ml)
 

4. 	Gas Mixture 1.00 13.00 13.00
 

(Candle) (10 ml/min) (10 ml/min)
 

39500
5. 	Other 10500 

(Dessicators) (Shaker)
 

Labor Cost
 

6.00
Scientist 4.00 6.00 


(10 minutes) (15 minutes) (15 minutes)
 

77.00 	 77.00
Total 	 17.00 
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Table 2 Summary of a Comparison of 
Small-Scale and Large-scale Culturo

Techniques for the Culture of Plasmodium falciparum
 

Items 
 Candle 
 Classical 
 Modified
 
Jar Method Siddiqui Method Siddiqui Method
 

1. Parasitaemia 
 10.32 
 3.76 
 9.98
 

2. Multiplication Rate 
 9.88 
 1.91 
 3.15
 

3. Yield 
 1.00 
 1.52 
 2.68
 

4. Expense 
 1.00 
 4,50 
 4.50
 

5. Establishment of 
 Fair 
 7 
 Good
 
New Isolates
 

6. Maintenance of 
 Excellent 

Good
 

Established
 
Isolates
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SERVE AS AN
OSOIL SALINITY CONTROL FOR THE GROWTrH OF PLANTS WHICH CAN 

ENERGY SOURCEO (3A-02) : A FIELD EXPERIMENT ON RECLAIMING SALINIZED -

MARINE SOIL FOR THE GROWTH OF PHYSIC-NUT TREES 

1 / AND BRIAN L. McNEAL
2 /
 

BENJAMAS CHATTONG

North
I/ Science Department, King Mongkut's Institute of Technology 


Bangkok
 
2/ University ot Florida, Gainesville, Florida, U.S.A.
 

ABSTRACT
 

for controllingA field expernment was conducted to compare methods 

the salinity of heavily-salinized-marine soil to prevent further spread 

land in the coastal region, and toof salinization to nearby cultivated 
be suitable for growing physic-nut trees.determine if the soil would 

The experiment included a determination of properties of problem - soil 

and deep-well water, and an assessment of the effects of leaching after
 

the soil and theadding rice husks and gypsum on the E.C. values of both 

leachate, and on infiltration and seed yields. It was found that the
 

a 1:2 ratio decreased the E.C.
addition of rice husks and gypsum in 


values of the amended soil. The ECd - leaching curve increased steeply 

initially, but then 	 reached a plateau. Addition of rice husks and gypsum 

before leaching tended to improve infiltration butto the field soil 

seemed to reduce seed yields of physic-nut trees.
 

INTRODUCTION
 

the coastal cropland is a consequence of
Salinized-marine soil in 

case
man's excessive utilization of water resources in nearby areas. A 


in point is salt-farming in Thailand's Smut Songkram Province, whereby 

paddy fields are flooded with sea-water, allowing salt precipitation on
 

of the soil through sun drying. As the production of raw
the surface 

salt on coastal land increases, the extent of salinized soil grows. The
 

problem is aggravated by drought in the dry season and by waterlogging in 

the wet season. Information on the prevention of further spread of sali

nization in coastal land by salinity-control procedure is limited. Beyce
 

(1972), in his work on reclaiming peat soils in Turkey by continuous and
 

a depth of about 1.5 m
intermittent ponding and sprinkling, reported that 


of water had to be leached through a 1-m deep profile to remove 70% of
 

found that a reclamation ofthe soluble salts. Prichard et al. (1985) 

saline, organic soils in the Sacramento-San Joaquin Delta of California 

could be accomplished by both sprinkling and continuously ponding water 

on the soil surface, especially sprinkling, through which 70% of the salt 

could be renoved from the soil profiLe to a depth of 1.2 M. The experi

ment of Tyaqi (1986) showed that the salinity of the soil in the area 

the Bhakra Canal System could be controlled effectively by
irrigated by 


reducing the sub-surface irrigation return flow (IRF) that came in con

tact with the sub-surface sources of salts and reducing the later availa

bility. Abrol and Bhumbla (1973) indicate that under conditions of poor 
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soil permeability, leaching 
of highly saline sodic 
soil with gypsum area
would be best accomplished by continuous ponding. 
 In the present study,
a field experiment was conducted in 
a salinized in order to find 
a suitable method to limit soil salinity to a level, 
at which physic-nut trees
could be grown. 
 The 	specific objectives include:
 

I. 	An assessment 
of the effects of soil leaching with and without the addition of 3% rice husks plus 6% gypsum on changing

the salinity of the soil and '-he leachate.
 

2. 	A determination of 
the 	effects of these 
treatments 
on infil
tration and physic-nut yields.
 

MATERIALS AND METHODS
 

Determination of Soil and Water Properties
 

The 	site for this study was an area 
zt a distance of 20 kms from
the 	coast of Smut 
Songkram Province. Field samples of the top 30 cm of
soil in the studied area were 
taken from twelve locations, at 20 m intervals, 
at 	the end of July 1983, and were 
then analyzed to determine soil
pH, E.C. of a 1:5 soil 
paste at 250c, moisture content, E.S.P., clay
content, 
bulk density, and porosity. Ten samples 
of 	water, each taken
weekly from 
a deep well, were analyzed for pH, E.C. 
at 	250 C and SAR.
Methods used 
for 	the analysis 
 f soil and water were obtained from the
Handbook of 
U.S. Salinity Laboratory (1954). 
 Results of the analysis are

shown in 
tables I and 2 respectively.
 

Field Experiment of Soil Salinity Control
 

A field experiment was conducted in late 
November 1985
physis-nut 
trees grown in the marine soil, which 	
with
 

was controlled with respect to salinity by two different treatments. 
 (The field was installed
with a 1.50 
m-deep PVC-pipe subsurface drainage system, 
and 	a surface
drip irrigation system). 
 All treatments were replicated four times using
the CRD method 

2	 

with equal plants. Each replication covered a ploL size
of 40 
x 8 m . Methods used for controlling soil salinity were : leaching, and leaching with 
the addition of 
3% rice husks and 6% gypsum (7
tons of rice husks + 14 tons of gypsum were mixed with the 
soil in each
subplot by ploughing to 
a 0.5 m depth). 
 Water was pumped from a deep
well into each subplot in order to wash salts from the soil profile between the depth of 0 to 30 cm. The volume (Q) of water required to leachsoil in each subplot, covering 	 2an 	 area of 40 x 8 m	 , was calculated bya basic equation of dilution with 
the 	assumption 
that the salinity of
deep-well water was negligible. The calculation formula was:
 

Q = 	 E.C.w (E.C.f - 1] -m Pb . A . h . p 
E'Ch E.C.c Pw 

where E.C.w, E.C.h, E.C.f, E.C.c, 0
 m, Pb, Pw, A,h, and p are the salinity of the deep-well water (table 2), 
salinity at
an 	intermediate of low-salinity-hazard irrigation 
water (C.18) mscm-l),
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salinity at field condition (11 mscm -1  from table 1), salinity at
 
desired control level (8 mscm-1), soil moisture content (0.4 from table
 

- 3
1), bulk density (1,18G kgm from table 1), water density (1000
 
kgm- 3 ), area of each subplot (320 m-2 ), depth of root zone (1.5 m),
 
and average porosity (0.56), respectively. The calculated Q was about
 
200 m3/subplot. Leaching was applied to each subplot four times at a 
rate of 50 m3 per week, Samples of the topsoil were taken from every 

subplot a day after each leaching tceatment for determining the soil 
moisture content, E.C.f vaiues, a nd pH. The E.C.f values were 
plotted against leaching increment (fig. I). In the meantime, the leach
ate was coLle( ted from each drain pipe to monitor E.C.d values which 
were plotted against degree of leaching (fig. 2). Healthy physic-nut 
trees were then transplanted from pot soil to the field in late January 
1986. There were IU0 trees located 1.0 m apart in each subplot. All
 
plants were irrigated twice a day at 7.30 a.m. and 5.30 p.m, by drip
 
irrigation alternating with overhead sprinkling. Drip irrigation was
 
applied in order to prevent growth depression caused by uptake of Na or 
2l- to toxic conceir rat ions, osmotic effects, or restriction of the 
size of the root system (West et al. 1979), while overhead sprinkling was 
used to reduce effects of drip irrigation in saline soil or to prevent an 
uneven pattern of distribution of the salts present in the root zone 
(Goldberg et al. 1976). The depth of irrigation water was estimated from 
mean monthly temperature in the first six months (January to June 1986). 
The method used for this calculation was modified from the Blaney-Criddle 
formula, which is: 

W = o.14 K. t . P 
m=l 100
 

Where W, K, T, and P are depth of irrigation water per day 
(mm/d), crop coefficient (0.75 from Anukulampi et al. 1981), mean monthly
 
temperature in OF, and percentage of day-length for each month at 13.4 
ON (Climatological data for the period 1951-1980, Meteorological Dept.
 
1982), respectively. Results of this calculation are shown in table 3.
 

Duplicate determinations of infiltration, soil moisture, E.C. of
 
a 1:5 soil paste at 25 C, and the E.C. of the leachate at the same tempe
rature wece done every month during summer after the completion of daily 

irrigation at 7.30 a.m. Infiltration was determined by measuring the
 
head of water placed in duplicate iron cylinders, each 33 cm in diameter 
and 40.5 cm biah, which were pressed into the soil, at the distaace of 20
 
m apart along N-S middle line passing through each subplot, o a depth of
 

30.5 cm below the surface. In the meantime average rate of rainfall and 
evaporation were investigated throughout the year from pan data. The 
variation of infiltration over six months in the hot season is illus
trated in fig. 3. Differences in E.C. of the field soil and the leach
ate, as well as in infiltration among the two treatments were tested by
 
using F-statistical method.
 

Ripe fruits of physic-nut trees in each plot were harvested and 
hulled manually in early oecember 1986. Seed yields were weighed after 
air drying for a few da's (table 3). Input output variables in the con

trolled systems by two different methods were as formulated in table 3.'
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RESULTS AND DISCUSSIQIi
 

The results of thl.s 
study are presented in two parts. In the first
 
part, properties of the salinized-marine soil and of the 
deep-well water
at research site are described. The second part 
describes the results of
the field experiment designed 
to control soil salinity and the resultant
 
seed yields.
 

Properties of Salinized-Marine Soil
 

Table I Properties of Salinized-Marine Soil 
at the Research Site (n = 12) 

Properties 
 Range Mean 
 s Unit 

pH 
 7.4-8.0 
 7.7 0.2
 
E.C. (1:5) at 25oc 
 7.0-20.0 11.8 3.4 1
mscm-

Moisture Content 
 33.6-50.5 
 41.4 5.1 %
 
(Oven dry basis) 


loogsoil/l
 
ESP 
 ) 50 
Clay 
 43-63 
 56 5.9
 
Bulk density 
 1140-1250 
 1178 36.7 
 kgm-3

Porosity 
 54,2-57.8 56.1 
 1.2 %
 

Data show! in table I indicates that the soil had a saline-alkalinature, and a h*igh clay content. The ESP was more than 50, which reflects an adversely high concentration of sodium ions resulting in damage soil 
structure. Rimwanich and Suebsiri 11984) explained that soil structure 
was destroyed by high concentration of monovalent sodium ions replacing
divalent calcium and magnesium in the exchange complex; the substitution
of sodium 
ion for calcium and magnesium ions in the 
soil solution caused
 
a reduction of 1:remeability and hydraulic 
conductivity, with 
the result
 
That when rain canie, the salt was uneasily washed out.
 

Properties of Deep-Well Water
 

Table 2 Properties of Deep-Well Water (n = 10)
 

Properties 
 Range Mean s 
 Unit
 

pH 
 8.0-8.1 
 8.0 0.07
E.C. at 250c 
 0.74-0.81 
 0.78 
 0.02 mscm-1

Cl-
 2.38-2.60 
 2.43 0.06 mel-1
 

SAR 
 3.35-3.43 
 3.39 0.02 me
 

Data shown in table 2 indicates that the deep-well water wasonly slightly saline. This implies that it is suitable to be used as a
substitute for rainwater during a period of scarce rainfall.
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Effects on Changing Salinity of the Field Soil and the Leachate
 

The E.C.f values of the soil in both treatments declined as
 

the leaching treatment increased at the rate of 0.48 mscm-1 /week for
 

plot soil without rice husks and gypsum as against a rate of 0.68
 

mscm-1 /week for plot soil containing such materials (fig. I). The
 

E.C.d of the leachate for bot., treatments increased steeply with ini

tial leaching, and then both reached plateaus with increasing leaching 

treatments (fig. 2). Figure I shows that soil mixed with rice husks and 

gypsum reduced soil salinity more than leaching alone. Soil leached 

after applying these materials in the ratio 1:2 had E.C. values about 20%
 

less thar those of soil without any additions (table 3).
 

Table 3 	Depth of Irrigation, Rate of Rainfall, Soil Moisture 'ontenL by
 

Volume, Infiltration Rate, Evaporation Rate, Salinity of Soil
 

and the Leachate, and the Physic-nut Yields in Soil Salinity 
Control System. 

Treatment Irrig. Av.rainfall Av.Infilt. Av.Evap. Soil Moist E.C. (1:5) E.C. Seed yields 

W mUn/d P mnI/d at 30.5 cm Et % v/v at 291 C at 2jkq/acre 
n P.2 I mm/d mm/d mscm mIsCm 

1 s -5.9 ni=24 	 n.-12 n -24 n,-24 nd-24 

SE- 2.3 SE 

Leaching 4.3 15.2 6.8 7.1 30.0 7.30 17.9 28.41 

s-l. 566.9 s5 -1.6 d -3.7
 

Leaching
 
+ 

3% Rice
 
Husks 4.3 15.2 7.8 7.1 33.0 5.90 14.7 25.08
 

-2.7 s 8.2 s 1.3 s 4.2
6% Gypsum 


• S d
 

S , s Standard deviation for treatments I and 2 respectively.
 

]1.0
 
r1,6 - 99, P(Fr, 18.6}) 5%


6+ - 1.4q%	 6 . 

9.0
 

a '60 

.. 

7.0.
 
2. 2
 

Leachinq increment 

L!gu . Chanja of E.Cf with leaching
 

increment (50 m incrtments)
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' Effects on Infiltration and Yields
 

Soil treated by leaching alone had 15% less 
infiltration 
than
that of soil treated with leaching plus 
3% rice husks and 6% gypsum
(table 	3). However 
plants treated by leaching alone produced 12% higher

seed yields than did plants 
in the other treatment (table 3).
 

According to figures 1-3, they 
imply 	that leaching with the
addition of 
 rice husks and gypsum increased the efficiency of salt
leaching by 
improving the infiltration 
rate. Allison 
(1973) reasoned
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that organic matter mixed with the soil aided greatly to incLease 

infiltration by providing better aggregation and structure, and 

consequently lower bulk densit' and increased ease of water movement. 

Abrol and Bhumbla (1973) reported that the addition of gypsum resulted in 

greater salt leaching due to the changes in pore size distribution in the 
clay soil. In other words the addition of gypsum to a clay soil and the 
subsequent replace- ment of sodium by calcium in the exchange sites
 

improve the air-filled pore space which increases the hydraulic
 

conductiviLy (Bridge and Tunny, 1973), resulting in a decrease in the
 

time required for reclamation and also a reduction in the period of 
contact between soil and water (Muhammed et al, 1969).
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FOR SkALL DIESEL ENGINES'/
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ABSTRACT
 

A bench-dynamometer test of a 7.5 HP diesel engine was carried out
 

using physic-nut (or Sabu Dam) oil as fuel. Engine performance para

meters at varying loads were evaluated for two constant engine speeds of
 

1200 and 1600 rpm, and a comparison was made between the performance of
 

physic-rut oil and that of diesel fuel. In general, very similar perfor

mance characteristic curves were obtained for the two fuels, with only
 

slightly lower (1-2%) thermal efficiency being recorded when the engine
 

was run on physic-nut oil. Thus, the use of physic-nut oil as a direct
 

substitute for diesel in small engines appears to be technically feasible.
 

INTRODUCTION
 

In the wake of the world energy crisis in the 1970's, much interest
 

has been aroused in the use of indigenous, biomass-derived engine fuels
 

as alternatives to imported petroleum fuels in Thailand. Among the many
 

which may be used
alternatives considered are a variety of vegetable oils 


either singly or in combination (blended) with diesel oil in diesel en

gines and particularly in small farm engines. As the Thai nation strives
 

to attain a higher level of farm mechanization in the face of falling
 

becomes
agricultural commodity prices worldwide, this biomass option 


increasingly more attractive.
 

The types of vegetable oils which have been proposed as substitutes
 

for diesel fuel include coconut oil, corn oil, rubber seed oil, physicnut
 

(Jatropha curcas) oil, caster oil, soybean oil and others (1). These
 

oils generally possess fuel properties similar to diesel but are more
 

easily processed. some of the oil types have an added feature the crop
 

species is tolerant to poor soil and climatic conditions. A case in
 

point is the ph~sic nut, which has been shown to be not only drought
 

resistant, since the crop is commonly found in the drought-stricken area
 

of the Northeast, but also tolerant to saline soils (2).
 

Although some experimental studies on the use of vegetable oils such
 

as rubber seed, corn and physic nut have already been reported (3, 4, 5),
 

further investigations on the various aspects surrounding such use have
 

yet to be conducted in order to establish a broad data base for drawing
 

nut oil (4, 5), for
definitive conclusions. In the casi, of physic 


only one load.
instance, experimental results have been reported for 


This report discusses the results of further studies on the use of
 

physic-nut oil as a direct substitute for diesel fuel. In this -tudy,
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bench dynamometer 
tests were carried out to 
determine the performance of
physic-nut oil as a fuel for a 7.5 hp/2200 RPM diesel engine at varying
loads.
 

Fuel Characteristics
 

The physic-nut oil used for 
this experiment was extracted from
physic nuts grown at the Samut Songkram Research Site of the USAID-sponsored project on 
'SoiJ. Salinity Control For 
The Growth Of Plants Which
Can Serve As An Energy Source", 
part. 

of which the present study is an integralThe nut itself was blackish in color with 
a thin shell, measuring
approximately 1.8 cm in length and I cm in diameter.
subsequently compressed 

When crushed and
in a 10-cm diameter cylinder

hydraulic jack of 10 ton capacity, yellowish liquid 
using a simple 

oil was extracted ata rate of U.221 litres of oil/kilogram of physic nut (or 20.1% oil on amass basis). 
 The major fuel characteristics such as viscosity, specificgravity and heating value, and sulfur content were then obtained throughstandard measuring techniques and are shown against those of diesel, rubber seed oil aad physic nut-oil from the Agricultural Engineering Divi
sion, Department of Agriculture (Table 1). 

It is observed 
from Table I that the properties of physic-nut
oil obtained from this study are comparable to those of oil obtained bythe Agricultural Engineering Division, although the viscosity values differ. However, since viscoslty decreases 
with increasing temperature in
liquids, the viscosity values of 
the two studies are actually closer than
indicated. When compared to rubber seed oil, the property values are inclose agreement. However, when compared to diesel the physic-nut oilabout 8% heavier and the heating value about 8% lower, while the viscosity is aDout 10 t times higher, representing the most significant difference between the two fuels. The sulfur content of the physic-nut oil
is lower than for diesel oil. 

Experimental Apparatus and Procedures
 

Bench dynamometer tests were carried - it to determine the performance of physic-nut 
oil as a substitute fuel 
for a Yanmar TA80L diesel
engine (Figure 3). Thre engine characteristics are shown below. 

Type .
 Horizontal 4 stroke 
Number of cylinders : I 
Bore X stroke : 
 84 mm x 88 mm
 
Displacement volume 
: 0.487 litres
 
Continuous power rating 
 7.5 HP/2200 RPM 
Maximuri, power rating 8.5 HP/2400 RPM
 
Compcession ratio 
: 22 

The engine 
was used to drive an EA-7C air-cooled eddy currentelectrodynamometer 
with a jn:ximum power-absorbing capacityBraking-force control of 5 kW.of the dynamometer was through a D.C. power controller. The shaft-torqu was determined by force balarnce using a springbalance. The tachometer 4as of a non-slip, directly - connected, power-
generator type.
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Fuel flow rate was measured by timing the volume of fu:l con

sumed from a 100 ml. calibrated glass tube. Air flow rate was determined
 

using a standard nozzle-plenum installation, whereby the resulting pres

inclined manometer.
sure differential was measured using an 


Tempecature measurements were performed using K type thermo

couples with a muiti-input digital indicator.
 

Exhaust gas conditions (02 and temperature) were measured
 

using a Neutronics combustion analyzer (Figure 6) with digital display
 

and printout.
 

The overall measurement arrangement is shown in Figure 1.
 

Due to the extremely limited quantity of physic-nut oil confined
 

to run only at two controlled speed of 1200 and 1600 rpm, while loads in
 

the dynamometer power
Che range of 0.5 to 4.8 kW were applied through 

for optimum when using
controller. Engine injection timing was set 


diesel fuel only.
 

RESULTS AND DISCUSSIONS
 

parameter evaluated ii the bench dynamometer
The main performance 

tests was the thermal efficiency, which was calculated using the relation:
 

nth = 3.6 x 100% (1) 

BSFC x HHV 

where 3.6 is a conversion factoL (3.6 MJ is equivalent to I kW-hr), BSFC
 

is the brake specific fuel consumption (kg/kW-hr) and HHV is the higher
 

Engine exhaust temperature at the
heating value of the fuel in MJ/kg. 

during the experimental runs.
discharge value exit was also measured 


Other parameters measured include the air/fuel ratio and the 02 content
 

of the exhaust gas.
 

Figure 2 shows the thermal efficiency at vaaying loads for the two
 

of 1200 and 1600 rpm. It is clear that higher thermal
engine speeds 

on diesel, the difference
efficiency was obtained when the engine was run 


in efficiency
being approximately one to two percentage points. The drop 


could be attributed to the fact that injection timing had not been ad

justed to optimum for physic-nut oil and that the physic-nut oil is much
 

more viscous than diesel. Nevertheless, tne engine exhibited similar
 

efficiericy-!oad relations for the two fuels.
 

Figure 3 shows the comparative brake-specific fuel consumption (BSFC)
 

As expected, the BSFC for physic-nutof the engine at varying loads. 
is lower, than for diesel. Howsoil is higher, since its heating value 

ever, the difference in BSFC for the tow fuels is only about 15% (or 7% 

in terms of volume), which does not warrant a larger fuel tank for the 

il. Again the BSFC-kW relations for the two fuels are
physic-nut 

simi lar.
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Engine exhaust temperatures at varying loads are shown in Figurewhich indicates no significant difference between the two 
4, 

fuels.
 

Figure 5 shows the air/fuel ratio (kg/kg)clear for the two fuels. Itthe higher air/fuel ratio is
 was needed 
for diesel combustion
load conditions at allbecause of the fuel's lower density. 

A comparison of the 02 content in toe exhaustis shown in gas for the two fuelsFigure 6, which indicates that a slightly higherwas observed 02 contentLor physic-nut 
oil than for diesel. Again,
attributed to injection timing 
this could bewhich was set a optimum for diesel and notfor physic-nut oil.
 

CONCLUSIONS AND RECOMMENDATIONS 

Oil derived from the physic-nut
possess very similar fuel 

grown on saline soil appeared tocharacteristics to those obtainedsources, from otherOn the basis of the foregoing discussion,of physic-nut as it appears that usea direct substitute 
for diesel in
is technically a small diesel enginefea-sible since there were no major differencesformance parameters in the permeasured. However 
this conclusion
and by no is only suggestivemeans detinicive, since the available experimentalextremely limited. evidence isFuture experiments
wider on the subject shouldrange of- enijine speeds cover aanid snouid
the effects 

include long-term observations ofon engyint parts 'is 
emissions. To 

well as detailed investigations on enginecompare the performance on an equal basis, injectioning for physic-nut oil should also be set 
tim

for optimum operation. 
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Table 1
 

Comparison of Fuel Characteristics
 

Fuel Viscosity Specific Heating Value Sulfar
 
Type (Centipoise) Gravity (kJ/kg) Contnet (M)
 

Physic nut oil 29.5 (400 C) 0.910 39,193 0.0
 
(present study)*
 

Physic nut cil 40.4 (310C) 0.919 36,647 0.13
 

(4, 5)
 

Rubberseed oil 34.0 (400 C) 0.914 39,224 NA
 
(3)
 

Diesel 	 2.8 (400 C) 0.845 42,500 < 1.2
 

* 	 Test conducted in collaboration with the Petroleum Authority of Thailand 

(PTT) 
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ABSTRACT
 

icid tolerant rice varietieswas made to find salt an,.An attempt 
tissue


through elevated frequency of somatic mutation occurring in 


(ulture. 

Selection in vitro was made by incorporation of 0.5 to 4% NaCI to the 

culture media or by Lowering thie pH to 4.0 duriog regeneration of the 

0.5% the calli wereplants from one-month old embryo calli. Only 0 to of 
5 to 30% of

able to develop and continue to grow under stress, 	 whereas 

survivors were grown


the controls regenerated into complete plants. The 

in natural condition to maturity for further tests.
 

also done on the seedlings of plantSalt tolerance screening was 
five-leaf seedwithout stress. Three to 
regener ed in vitro with u-

added for one
lings were subjected to nutrient solution with 0.5% NaCI 


fourth weeks; if

month. Most of the seedlings died during the third and 


than 2% only the heal
the number of the survived seedlings were more 

for growing.
thiest 2% were saved 


plants showed definite increaseSome seedlings of the selected in 

need furuntreated ones. These still istolerance over those from the 
or acid or acidther selection in later generation to establish the 	 salt 

retain all other characteristics of the original

tolerant line- which 


var ieties.
 

INTRODUCTION
 

indicated

Rice is the main agricultural product of 	Thail.and. This is 


a total arable land area of 59 million 	 acres,
by the fact that out of 

Thailand produces over
million acres. As a result,
rice is grown in 24 


17.8 million tons of rice annually, with 2.8 million tons left for
 

export, 	which makes Thailand the second biggest rice exporter. This 

billion dollars) for any single
represents the largest income (over one 


1979 b, Anonym., 1982).

agricultural product. (Anonym., 1979 a, Anonym., 


is without problems in rice production. A

However, Thailand not 


average yield in

variety of problems result in low yield, i.e. the 


Thailand is 780 kilograms per acre, compared to the average yield of 1430
 

in China, Indonesia and Malaysia, whereas the Unitedkilograms per acre 
States, Japan and Korea produce 2296 	 kilograms per acre. (Anonym.,
 

that causes the low yields
1979b, Anonym., 1982). Some of the problems 
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are 
: Irrigation, grower seed production, management practices, availabi
lity of suitable agricultural land.
 

From the problem listed above it may 
become apparent that there
several causes are

several plausible solutions. 
 In some of these cases, the
solutions 
must be applied concomitantly 
since the problems are inter

zelated. For example, 
the new high-petformance varieties usually demand
high fertilizer input and irrigation and are less tolerant to adverse 
conditions. This makes it impractical for farmars in soil whopoor area

depend solely on the monsoon rairr F.nd who may not have 
 the financial 
resources to pay for 
fertilizers an,' pesticides, to plant these varities.
 

The present project intends to deal 
only with two
the world wide
problems related to 
saline soil and acid soil. 
 According to Carter 
(1975)
the world arable land subject to salt and drought stress 
is around 25
 percent. And another 
25 percent of soil is affected by high aciditywhich bring large amount of toxic metal into solution in the soil 
(Christiansen and Lewis, 1982). 

The method employed in obtaining new varieties will be plant tissue
culture selection which has already been 
successfully used to 
obtain salt
tolerant cereal 
and other crop plants (Nabors, 1982). This 
technique is

based on findings of several tissue 
culturists 
that the nuclei of the

cells 
often change during culturing 
which results in increased frequency

of varitoility in whole 
plants (Murashige and 
Nakano, 1967; Vajrabhaya

and Vajrabhaya, 1974; Vajrabhaya, 1977; 
Heinz et a., 1977). The chances
 
of mutations and segregations are normally slim 
but the tissue culture

method deals with multibillion actively dividing cells 
in a limited space

and time. It is believed that the resulting valuable variants when come
through screening will include several 
which are really promising. There

is an alternative method 
to increase rice production by liming 
the acid
soil, or using intensive drainage system 
in saline soil, both of 
which
 
are extremely expensive.
 

New varieties obtained 
by this method will 
also be valuable for
 
future rice breeding program.
 

MATERIALS AND METHODS
 

Eight rice varieties, RD23, RD25, 
KDML, KTH, LPT, NMS, 
RD8 and NSPT
(the last two being glutinous rices) were used in the 
experiments; these
 
are among the recommended varieties of the 
Rice Division, Department of
 
Agriculture.
 

Calli were initiated 
from mature embryos cultured in Linsmaier and

Skoog's (1965) 
basic salts and vitamins with 3% sucrose, 0.8% agar, 1 ppm
2,4-D and supplemented with either 
0.3 ppm kinetin or 
10% V/V coconut
 
water.
 

Regeneration medium 
is based on White's (1943) macro-elements supple
mented with Murashige and 
Skoog's (1962) micro-elements, 
0.8% agar, and
10% V/V coconut water. 
 One to three percent of NaCI was added for salt
 
selection; or the pH 
was adjusted to 4.0 
for acid selection medium.
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was made 	 on seedlings of tnie plant-;Selection under natural condition 

regenerated from callus under stress conditions, and some scledl lngs were 

from second generat ion t the selected pur-nts. When the -.- e-2ng" 

reached 2-lear stage they were transplanted to water culture trays with a 

modified WP nutrients for,'i ia (Bentley, 1959) When most of the seed

lings attained 5-leaf stage in approximately 7 to 10 days, nutrients 

solution was drained off and Leplaced by a new solut~.on with 0.5% NaCI. 

tlectrical conductivity of the solution at the beginning was around 9 to 

25°C and tended to rise wh ,n ,lay temperature was highI0 mMhos/cm at 
due to rapid evaporation and transpiration. Whenever the conductivity 

was 10 mMhos/cin or higher tile level of nuti rent was adjusted by adding 

tap water and it the conduccivity was sti [I lower than l0mMhos/cm a 
week the deadiitltrient solution with 0.5% NaCl was ttL i added. Every 

plants were removed and the soI ution was changed. 

Termination of treatwents was determined by the number of plants 

90% more which happened mostlykilled. When or plants treated died, 

during the third and the fourth week of treatment, all plants were 

removed from the trays and only the healthiest ones were selected for 

planting. In practice, 2% of the plants treated were saved and planted 

in sand cuItare for seed production. 

RESULTS AND 	DISCUSSION
 

Sal Selection in vitro A total of 14,1.33 calli from over 50,000
 

embryos of seven varieties, namely, KDML, KTH, LPT, NMS, RD8, RD23,
 

and RD25 were used in the treatment. Two-week old calli were cultured in 
The results arethe regeneration medium with 1.5% NaCI for four weeks. 

shown in 	 Table 1. 

seven rice varieties after treatedTable I 	Snoot formation of callus of 
with 1.5% NaCI for four weeks 

No of Callus survival Callus with Shoot
 

after 4 weeks shoot
VARIETY 	 callus 

treated No. % No. % No.
 

0KDML 	 2639 1597 60.52 0 0 0 


KTH 690 396 57.39 0 0 0 0
 

LPT 	 3352 1633 48.72 4 0.12 17 0.51
 

0 	 0
NMS-4 	 1140 540 47.37 0 0 


RD 8 	 2050 1022 49.58 1 0.05 2 0.10
 

4 0.19RD 23 	 2138 951 44.48 1 0.05 

2124 994 46.80 1 0.05 1 0.05

RD 25 


7133 50.47 7 0.05 24 0.17

ALL VARIETY 14133 
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It is interesting 
to note 
that upto fifty percent of the calII
treated still survive at ?:he end of the fourth week.. The living calli
were transferred to the regeneration medium, many 
of them ceased to grow
any further 
and died afterward. 
 Some continued 
to grow and form green-
spots but 
very few produced ;hoots .
 

The LPT is 
the best for reg-neration

four in media with or without NaCI;shoots were produced while others produiled only 
one or none. Thetotal number of calli of all 
varieties produced 
shoots were 
7 from the
total of 14,133 calli which 
was only 0.05% regeneration. Normally,
LPT has rate of regeneration from 

the
 

salt only 
15 to 30r., after being treated with
4 ouL of 3352 calli nad shoot. which is 150 
to 300 times difa total of 17 shoots .- re obtained from 

ferent. However 

the- fourcalli. Some varieties, RD8, RD23 
and RD25, produced one shoot per
:alli 2,000
while KDML, KTH and NMS did not produce any 
shoot during this
 

per iod.
 

The results of 
selection show variability in
salt the response of calli to
treatment 
at the cell level. However, it is 
interesting to 
note
that the whoLe process of regeneration occurs after the 
treatment.
presents 
us with a problem This
 
that the whole plant obtainedwould still by this methodbe tolerant to salt like the cells in callus form or not.

Furthez investigation is needed. 

Aci. Selection 
in vitro A total 
of 7115 calli
varieties of the some sevenas in solt selection were used for acid selection. Two-week
old calli 
were cultured 
in the regeneration medium 
adjusted to pH 4.0 by
buffer acetate 
for four weeks. The results are shown in Table 2.
 

Table 2 Shoot 
 formation of callus of seven rice varieties after 
treated

with pH 4.0 buffer acetate 
for four weeks.
 

No of 
 Callus survival 
 Callus with 
 Shoot
VARIETY 
 callus 
 after 4 weeks 
 shoot
 
treated 
 No. 
 % No. 
 % No.
 

KDML 
 1076 
 73 6.78 0 
 0 0 
 0
 
284
KTH 117 41.20 0 0 0 0
 

LPT 
 1840 
 205 11.14 
 14 0.76 
 14 0.76
 
NMS-4 
 948 
 49 5.17 2 
 0.21 2 
 0.21
 

1151
RD 8 152 13.21 0 0 
 0 0
 
RD 23 
 584 
 26 4.45 
 4 0.69 
 4 C.69
 
RD 25 
 1232 
 117 9.50 0 
 0 0 
 0
 

ALL VARIETY 7115 
 739 10.39 20 
 0.28 20 
 0.28
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Only ten percent of calli survive until the enld of the fourth week
 
which is five times lower than those in salt treatment. During treatment
 
most calli turned white or very pale yellow instead of the normal light
 
yellow in the first two weeks. After transferring calli onto regene
ration medium considerable number of calli recovered and formed green
spots and later produced shoots. In spite of high mortality during the 
treatment more shoots were formed than calli in the salt treatment. A 
total of 0.28% of the treated calli of all varieties initiated shoots. 
This figure is 5.6 times higher than in the salt treatment.
 

The LPT, again, is the variety that gives best regeneration whether 
they are in normal condition or in salt or acid stress conditions. 
In this case, 14 out of 1840 calli produced shoots, which is 0.76% or 20 
to 40 times less than in reference medium. The KDML and KTH calli still 
gave no regeneration in both salt and acid treatment during this period, 
these proved to be dLf1fCd1t varieties. The RD8 and RD25 gave no regene
ration while t:,y barely came through salt treatment, on the contrary, 
the NMS surprisingly produced two shoots in this acid treatment but never 
in salt treatment.
 

The acid selection reported here is a preliminary work following the 
established method for stabilizing the pH. One should be aware that acid 
soils in nature are of several types among which acid is the only common 
factor. Other components of the soil vary to a great extent according to 
soil formation and subsequent changes either by nature or by man. Defi
ciency of phosphorus and other nutrients are more prevalent which can 
possibly by corrected by adding phosphate fectilizer, but toxicity due to 

aluminum, iron or other ions at low pH are probably the most difficult to 
deal with. However, acid selection method should be the first step to be 
established before tackling more complex treatment. 

Salt Selection in Natural Condition A total ot 12,181 seedlings at 
four to five leaf stages were grown in a modified WP nutrient formula 
with 0.5% NaCI added. These comprise three varieties (KDML, RD23, and 
RD25) some of which are seedlings of the first or second generation of 
the regenerated plants and some are seedlings of the plants regenerated 
under salt stress. 

Table 3 demor.trates survival of the plants each week. During the 
first wee, , most of tne plants did not show any symptom of salt stress, 
only the "eakest ones died during this period. The common salt injury 
symptom appears in the mature leaves from distal to proximal end. In
 
severe cases, younger leaves show same symptom and finally the whole 
plant die. A dead plant is defined as the one in which the leafblades 
and leaf sheath have lost their green color altogether. 

At the end of the second week 63.5% of the plants still survived, and 
some grew profusely. it is worth noting that the characteristics of some 
plants appeared to be fairly normal like the ones in the control. 
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Table 3 Survival of five-leaf stage seedlings of 
a regenerated plant (TC
I) treated with 0.5% NaCI 
in nutrient solution for four weeks
 

Variety : KDML 
 Electrical Conductivity 
: 9-10 m Mhos/cm
 

Treatment No. 
 No. of Plant 
 Plant Surviving (%)

Ist wk 2 nd wk 3 rd wk 
 4 th wk
 

No. % No. % No. % No. 
 %
 

1 156 146 93.6 81 51.9 
 30 19.2 5 3.2
 
2 
 375 336 
 89.6 214 57.1 
 117 31.2 62 16.5
 
3 364 351 96.4 247 67.8 
 173 47,5 116 31.9
 
4 400 371 92.7 235 58.7 
 152 38.0 83 20.7
 
5 400 380 95.0 299 74.7 
 207 51., 70 17.5
 

Total 
 1695 1584 
 93.4 1076 63.5 
 679 40.0 336 19.8
 

During 
the third and the fouLth the weeks, the 
weak plants with fever
symptom died leaving the 
ones with lesser symptom growing. At the end of
the fourth week 
336 plants (19.8%) 
were still living, ttese included the
plants 
with both mild and 
severe symptoms. 
 Only the healthiest plants
were saved for furuhe. investigation, these were approximately two per
cent of t:'e treated plant.
 

KDML is a variety selected for salt tolerance "ich has been recommended by the Department of Agriculture 
for 28 years to be grown in
several locations in 
the country where 
soil salinity 
is high. Seedlings
of the regenerated plants 
showed variability in tolerance. 
 It is hoped
that if favorable somatic 
mutations should 
occur 
during callus growth and
development they 
can be screened effectively by Such
the above method.
variations 
may arise partly as a result 
 of variation 
of environment

during screening and some, may 
be a remote chance, from somatic variations. if there is no new 
gene occurring, only 
some reorganization 
or
activation of certain genes will, 
by chance, 
lead to favorable characteristics. 
 But, if there 
is any gene for salt tolerance should arise de
novo, it will persist and await 
further recombination 
ii later generations. In these cases 
the advante of tissue culture becomes 
apparent

and it will play 
a major role in plant improvement in the future.
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Table 4 	Survival of four-leaf stage seedlings of 21 regenerated plants
 
treated witi 0.5% NaCI 
in nutrient solution for four weeks.
 

Variety : RD 23 	 Electrical Conductivity : 9-10 m Mhos/cm
 

rreatment No. of Plant Surviving
 
plant Is t wk 2 nd wk 3 rd wk %th wk
 

No. Stock No. No. % No. % No. % No,.
 

I R -Tc4 46 41 89.1 33 71.7 23 50.0 13 :8.3
 

2 R -Tc6 150 150 100.0 99 66.0 .j 37.3 4 2.7
 

3. R -TC8 45 29 64.4 29 64.4 0 0.0 0 0.0
 

4. R -Tc9 200 107 53.5 7 3.5 4 2.0 0 0.0
 

5. R1 -TclO 100 48 48.0 3 
 3.0 1 1.0 0 0.0
 

6. R -Tcll 225 176 78.2 20 8.9 9 4.0 0 0.0
 

7. R-TC12 100 86 86.0 4 
 4.0 0 0.0 0 0.0
 

8. R --Tc16 379 379 100.0 208 54,9 71 18.7 0 0.0
 

9. R -TC17 375 256 68.3 45 12.0 8 2.1 0 
 0.0
 

10. R -Tc18 398 398 100.0 369 92.7 264 66.3 5 1.3
 

l1. R -Tc22 416 416 100.0 283 68.0 37 8.9 2 0.5
 

12. RI-Tc23 600 569 94.8 437 72,8 175 29.9 98 16.3
 

13. R -Tc24 250 220 80.0 145 58.0 49 19.6 16 6.4
 

14. R -Tc25 225 222 98.7 188 83.6 69 30.7 32 14.2
 

15. R -Tc26 150 126 84.0 74 49.3 41 27.3 29 19.3
 

16. RI-Tc27 75 75 100.0 4 5.3 0 0.0 0 0.0
 

17. RI-Tc29 300 282 94.0 125 41.7 2 0.7 2 0.7
 

18. R,-Tc30 40 39 97.5 26 65.0 0 0.0 0 0.0
 

19. R -Tc3l 120 119 99.2 24 20.0 0 0.0 
 0 0.0
 

20. R -Tc33 309 285 92.2 37 19.9 0 0.0 1 0.3
 

21. RI-TC34 255 238 93.3 60 23.5 0 0.0 0 0.0
 

Total 4758 4261 89.6 2220 46 809 17.0 202
1 	 4.2 
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A total of 4758 seedlings of 21 
plants regenerated under in vitro
condition were screened. 
 The results were interesting because the varia
tion was very 
high, most of the treated seedling died at 
the end of the
experiment. Seedlings 
from four mother plants had high survival rates
 
over 14 percent, the t'ighest being 
28.3 percent. These 
are the plants
that will be 
grown foz *3,cond and tnird screenings. It is interesting to
note that the treatment No. I, which 
has the highest survival rate of
.8.3%, demonstrate6 its ability to survive under salt 
 stress in the
second and third 
weeks as well. Others seem to follow suit 
(Treatments

12, 14 and 15) except treatment No. 2 and for
10 which the plant surviving rates drop sharply during the fourth week to only 
2.7 and 1.3%
 
respectively.
 

Table 5 Survival of four-leaf stage seedlings 
of three plants regenerated under salt stress in vitro* when treated with 0.5% NaCI in 
nutrient solution for four 
weeks.
 

Variety : RD 23 
 Electrical Conductivity : 9-10 m Mhos/cm
*Na I = 1% NaCI in culture medium 
 *Na 2 = 2% NaCI in culture medium
 

Treatment 
 No. of 
 Plant Surviving
 
plant Ist wk 
 2 nd wk 3 rd wk 4 th wk
No. Stock No. 
 No. % No. % No. % No. %
 

1 R -TC7 Nal 
 247 242 98.0 
 204 82.6 129 52.2 82 33.2
 
2 R -Tc22 Na2 
 150 
 144 96.0 122 81.3 69 46.0 44 29.3
 
3. R -TC142 Na2 
 250 242 96.8 176 70.4 
 100 40.0 36 14.4
 

Total 
 647 628 97.1 502 77.6 298 46.0 162 25.0
 

Seedlings of the plants under salt 
stress regenerated in vitro are of
interest. Generally, 
RD23 callus gives regeneration rates ranging from 8
 
to 10% but under 1% NaCI 
stress the regeneration 
rate is reduced to
0.14%. Furthermore, most 
of 
 the plants regenerated under produced no
viable seeds. only tnree mothe: plants produces viable seeds which could
 
be used for screening.
 

The result of screening is quite satisfactory (Table 5), the plant
sUrviving rates 
are 14.4, 29.3 and 33.2 respectively. The average surviving rate of the 
seedlings from stressed 
mother plants is only 4.2%
 
(Table 4) which is only 
 1/6 of the figure obtained from the above
 
population.
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It is interesting to note that survival of the plants after the third
 

week was at least 40%, which is a very high value for the RD23. This
 

reflects the growth and development of calli during the salt stress.
 

Under salt stress condition, the cells which are sensitive will be come
 

malfunction arnd die which affect the tolerant cells. If the population
 

of tolerant cell cover large area, they are likely to form shoot apex and
 

finally become a shoot. Therefore any shoot arising from such callus
 

under stress should be tolerant.
 

The method of salt stress in vitro seems to be promising for the
 

selection of salt tolerant plants directly, this gives positive result in
 

the first generation. Further gene recombination will give rise to more
 

tolerant individuals in later generations.
 

Table 6 Survival of four-leaf stage second generation regenerated
 
plants, treated with 0.5% NaCl in nutrient solution for four
 

weeks.
 

Variety : RD 23 Electrical Conductivity ; 9-10 m Mhos/cm
 

Treatment No. of Plant Surviving
 
s
plant 1 t wk 2 nd wk 3 rd wk 4th wk
 

No. Stock No. No. % No. % No. % No.
 

100 934 67.4 564 40.7 340 24.5
I R2-Tc la 1386 1386 


2 R2-Tc lb 1386 877 79.7 532 48.4 249 22.6 116 10.5
 

3 R2-Tc2 1386 662 85.4 178 23.0 19 2.4 2 0.2
 

4 R2-Tc3 1386 420 84.0 119 23.8 36 7.2 5 1.0
 

3345 46.9 23.1 463 12.3
Total 3761 88.9 1763 868 


Second generation (R2) of seedlings collected from four mother plants
 

which had been grown in 0.5% NaCI for four weeks during four leaf stage
 

in natural condition. The pattern of responses xas not different from
 

the RI during the first two weeks. In the third week the number of sur

vivors were rather high and none of the groups died completely. At the
 

end of the fourth week the TCla and Tclb showed tolerant trait clearly
 

while the other two populations demonstrated sensitivity like the ones in
 

the RI. However the percentage of the survivors were not better than the
 

best of the RI population (Table 6).
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It is still too 
early to compare the two 
methods 
of salt stress
selection, 
one in vitro 
and the other 
in natural condition. 
 The mother
plants regenerated 
in vitro under salt stress seemed 
to give more seedlings with 
high salt tolerance 
than the unselected ones but only few 
fertile plants were obtained. On the contrary, more mother plants wereobtained after 
selection under natural condition 
which gave a wide varia-tion. However, the genetic of 
stress tolerance 
is rather complex and the
chance to nave just a simple gene responsible for a given characteristicsis remote. If this is the case, many useful variants with favorablerecessive genes occurring during callus 
growth would 
be lost through
stressing when the surrounding cells are killed, Furthermore, if thegene in question is a recessive one, it would not have the chanceexpress itself, to or if an array of genes responsible for a specific
chazacter are of a multiple type, this would further reduce chance ofoccurrances essentially to zero by selection in the callus stage. Byallowing regeneration to take its normal course (without stressing) andlet the plants grow to maturity, gene recombination through sexual reproduction is facilitated. Selection of seedlings from regenerated plantswould be the combinfd result of gene rutation during tissue culture andgene recomination which finally is expressed in the organism. Thisseems logical and has a direct application. However, subsequent selections are still needed to fix gene combination in the case of multiple 
genes. 

Since both methods have their own merits and drawbacks, we areworking for both.
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ABSTRACT
 

The experiment was started with spore collection from soybean and 

mungbean fieids in the North and Northeastern Regions of Thailand. Twelve 

species of selected VA mycorrhiza (VAM) were inoculated to soybean variety 

S.J.5 and mungbean variety U-Thong I to compare their effectiveness on 

legumes growth (I st Crop). Three of the twelve species showed highly 

significant increased yield in the creenhouse stucy. Under field condi

tions in soil low in phosphorus content and indigenous VAM population, 

some superior species enhanced growth and yield. These isolates were 

studied further for their survivals in flooded condition by growing rice
 

(2nd Crop) after legume with no reinoculation, followed by soybean and 

mungbeai planting again( in 3rd crop. The number of VAM decreased in 

flooded condition. Colonization was taund in Ist Crop (legumes) but not 

in 2nd Crop (rice). The evidence of influence of VAM was also found in 

the 3rd Crop.The method for producing VAM inoculum has been studied and 

it has been futid that the number of spores and infectivity were high 

when using sand f clay, peat and coconut coir dust as the media for plant 

growth. Soybean, corn and sorghum were the best as host plants. The 

secondary were peanut and kudsu. 

INTRODUCTION
 

Mycorrhizal fungi are a symbiotic association between the fine feeder 

roots of green plants and highly specialized root inhabiting fungi. The 
-establisoment of vesicular-arnuscular mycorrhiza, (VAM) i.sually increase 

plant growth, ,.,Jpecially on infertile soils (Mosse 1973; Gerdemann, 

1968). VAM can markedly stimulate plant growth by increasing phosphorus 

uptake (Mosse 1973; Tinker 1975). Since some of the endophytes which 

form VAM are more effective in increasing plant growth than others (Mosse 

1972; Powell 1975; sainders et al. 1977), it may be possible to reduce the 

rate of application of phosphate fertilizer to agricultural soils by 

introducing sdperior strains of VA endophytes. Although a survey on 

diversity of VAM in' the leguminous plantation in Thailand showed that VAM 

could enhance growth and yield of soybean and peanut (Nopaniornbodi et al, 

1981), the mechanisms of infection, their influence on phosphorus absorp

tion and their :urvival in flooded conditions were still not known. The 

study described in this paper were designed to determine A). The effect 

of selected species of effective VAM strains on growth, yield and phos

phorus uptake of so4'fecmn and mungbean B). The survival of mycorrhizae 

following flooding conditions C). The improvement of methods for pro

ducing the mycorrhi'sal inoculum for field trial. 
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MATERIALS AND METHODS
 

Inoculum Preparation
 

VAM spores collected 
from soil cultivated soybean 
and mungbean
were used as 
inoculum in this experiment. The number of spores were multiplied by Menge pot 
culture technique (Menge
vulgare was selected to plant. 
et al 1977). Sorghum
be the host 


cups for one 
It was grown first in paper
week then transferred 
to grow in pot culture. Spores of
collected VAM were applied the
 at the bottom of the transplant hole.
flowering stage, At the
woot and 
soil samples were collected to examine for percent root infectioi, and number 
of spores produced.


infected After harvesting the
root and soil in the culture pot 
were used as 
inoculum for 
further study both in greenhouse and field experiments.
 

Determination of Percent Root Colonization and Spore in Soil
 

After 
the plants germinated for 30, 
60 and 90
VAM spores days the number of
ii soil were determined. 
 The spores were extracted from
soil by the the
wet seiving and 
decanting 
method (Gerdemann
1963). Spores & Nicolson
with 250, 
 1010 and 63 microns 
were separated
debris from other
by the sucrose floatation technique (Jenkins 1964).
spores The number of
was counted under 
stereo microscope. 
 The percent of root coionization was examined by stained 
root with 
trypan blue followed by Phillips
and Hayman 1970 
to observe the 
hyphae arbusculc or 
vesicle colonization.
 

Effect of VAM on Growth and Phosphorus-absorption
 

Twelve isolates 
of VAM identified 
by technique of
Schenck Nicolson and
1979 were 
inoculated 
to each cultivar of legumes
containing 10 grown in pots
sterile 

house. Fourty spores green

kgs of low phosphorus (7 ppm) soil in the 

per pot of each isolates 
of Glomus etunicatum (ETU
#31), 
 Glomus deserticola 
 (DES #39), ',igaspora margarita
Gigaspora grearia (MAR #40),
 

margarita (MAR #57), 
(GRE #33), Enthrophospora sp.(ENTRO #8), Gigaspora
Glomus sp. 
(GI. #56), Glomusmosseae (MOS #6),
sp. (Glomus #17) and Acaulospora scrobiculata (ASCR #22) 

Glomus
 

cms below were applied 3
soil surface. 
 This was a Randomized Complete Block
experiment composed of design
12 VAM isolates and 
uninoculated control
with 6 replications. treatment
Four seeds of soybean 
S.J. 5 (Glycine ma_
Merr.) and mungbean (L.)
 

per 
U-Thong I (Via radiata(L.) Wilzeek) were planted
pot and thinned to two 
plants five days after 
emergence.
were inoculated with proper All pots
rhizobia for 
each legumes and applied Iof rock phosphate per pot. gram
Plant growth, yield, 
percent 
root infection
and number of spores were 
collected every 30 days.
 

Six isolates 
of VAM selected from greenhouse screening
Glomus #17, INT #26, ASCR #22, 
MOS# 6,


ETU #31, DES #39 were
ment. used in the experi-
Two hundred spores of 
each isolate were 
used as inoculum placed at
the bottcm OL soybean and mungbean plant hole 
grown at Chiang Mai and
Kalasin fields. 
 The experiment 
was conducted in
replications and 7 treatments. 
split plot design with 4


Main plots were no phosphate plot and the
rock phosphate(3% P205) plot 
at the rate 625 Ka/ha. Sub plots the
were 
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uninoculated control plot and the inoculated plot with 6 VAM isolates.
 

The plot size of treatment was 3x4 metres with spacing between rows of 50 

cms and between hole of 25 cms, then thinned to two plants per hole. The 

harvested area wds 2x4 metres. All data was recorded the same as in
 

greenhouse experiment. 

Survival of VAM from Flooded Condition
 

After first crop of comparison the effectivenes. of VAM species 

on legumes had been harvested, rice (Oryza sativa L.) variety RD 23 were 

planted as the ,,econd crop followed soybean and mungbean crops in the 

same plot with ro reizioculation. Ditches were made around each plot to 

prevent contamination when ;1Iooding. The third crops were repeated with 

soyoean and mungbean, planting with no inoculation after the rice. 

Growth, yield, nUmber of spores in soil and percent root colonization 

were also recorded.
 

Method for Producing VAM Inoculum
 

The experiments were conducted in the greenhouse. Glomus 

mosseae was inoculated with peanut grew in sterilized peat, sand, clay, 

loamy sand, vermiculite, rice husk, coconut coir dust,sand + peat, sand + 

clay. Then cowpcau3, Nepla grass, Sudan grass, corn sorghum and onion 

were used to compare effectiveness as the host plant grown in sand + clay 

inoculated with ;L-oius fasiculatum. Each experiment was conducted in 

Randomized CompI.:t hiock design with 6 replications. The treatments 

similar to tne pLant growth medium in the former experiment and thewere 
plant host species in the latter experiment. Once a week, treatment was 

applied with the stdndard Hoagiand's solution minus phosphorus. 

RESULT AND DISCUSSION
 

A. Effect of VAM on Growth, Yield and Phosphorus-absorption
 

For soybean, the tesult in greenhouse showed that the most 

ef,-ective species in heigtit were GRE #33 and ASCR #22, in shoot dry 

4eight was MOS and in yield were INT #26, MAR #40 and ASCR 022. In the 

field at Chiang Mai, thie effective species ir.dry weight was DES #39, in 

yield ASCR 422. VAM ASCR U'22 also produced the highest quantity of 

spores 1n soil and c10rainad the highest percent root colonization. 

(Tables 3 and 5) 

For muungbeavr, the result in greenhouse showed that no effective 

species encountered in height, the most effective species in shoot dry 

weight are INT V'26 and MAP #40, and most in yield MOS #6, INT #26, and 

MAR #40. In the field at Kalasin the effective were INT #26, DES #39 and 

ASCR #22. ASCR # 2 T.nroduced the highest amount of spores while INT #26 

obtained the highest root colonization. (Tables 4 and 6) 

main photo-No significant difterence was found betweeii the 

applied and non-applied phosphate in both locations. At Chiang Mai where 

37
 



phosphorus content was higher than 15 ppm, VAM was showneffect on phosphorus to have nocontent 
in shoot while 
at Kalasin where
phorus content in soil was the phosabout 7 ppm the VAM was affected.lates INT #26, MOS VAM iso#6 and ASCR #22 
were the effective species in
ing yield increaswhen grown 
 in low phosphorus 
soil applied only with 
small
amount of available pti,.;phorus. (Tables 5 and 6) 

result indicatedThe that the phosphorus absorptionculated plant grown in VAM inoin soil with 
high phosphorus content (not change 15 ppm) didwhen extra phosphate fertilizer was applied, butin phosphorus content in soil low( 10 ppm) the ability of phosphorus absorptionplants was inincreased when phosphorus fertilizer 
was applied.
 

B. Survival of VAM from Flooded Condition
 

The survival incidences of 
inoculated VAM and
in this experiments indigenous specieswere similar 
spores 

in both soybean and mujigbean field. Thequantity in the soil from Ist Crop waswith time. The 
the highest and decreasednumber of spores was lowest 

was in the second crop whengrown and ricethe fields were 
covered 
about 20-30 cm. of water for
months. four
Then 
the level increased again in 
3rd Crop when beans were grown.

(Figure 1)
 

Root colonization 
was also highest in
which was placed below the 
ist Crop. The inoculum
seed provided


the introduced fungi, 
a high inoculum potential forgiving them an advantage over the indigenouswhich were spread throughout fungi

the soil. 
 So at both fields where
became colonized soil
by the indigenous 
fungi

tion, plant 

at the same level of inoculagrowth and yield responded significantly to inoculationsome of withthe introduced fungi in the first crop. Most sample found nocolonization of VAM 
in the rice root. (Figure 1)
 

Yields inoculated soybean
of and mungbeanhigher than uninoculated are significantlyplants 
on 

in the Ist Crop but no changes were shown2nd Crop & 3rd Crop. The 
total infection and 
spore number after
Crop showed 3rd
that VAM fungi could 
survive flooding in the spore stage but
not in 
the colonized 
roots 
stage because 
no colonization
rice was found in
of the 
3rd Crop. The number 
of VAM spore decreased
flooded conditions and because of
micro fauna in the 
soil. According
mena, the crop after rice 
to this pheno

must be reinoculated with VAM. 
 (Figure 1.)
 

C. Improving 
the Method 
of Pot Culture 
for Producing VAM 
Inoculum
 
for Field Trials
 

The results 
after studying 
the suitable
revealed that sand+clay plant growth medium
and sterilized 
peat were the 
best
media for producing VAM spores 
plant growth


in pot culture. 
As for
appropriate the studies of the
host plant, the results showed that 
soybean, corn
were and sorghum
the most satisfactory 
hosts. 
 Peanut 
and Kutsu plants came in
second. 
The poorest host 
was chinese cabbage.(Table 7 and 8)
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Table 1 
Soil characteristics of samples from paddy field surveys in different locations with the
number of VA mycorrhizal
 

Location 

1. Ayudthaya 1 
2. Ayudthaya 2 
3. Chiengmai 1 
4. Chiengmai 1 
5. Kabinburi 1 
6. Kabinburi 2 
7. Kabinburi 3 
8. Kabinburi 4 

Date 
Collected 

12.5.83 
12.5.83 
10.5.83 
10.5.83 
11.4.83 
11.4.83 
11.4.83 
20.7.83 

Soil 
order 

inceptisols 
Inceptisols 
Alfisols 
Alfisols 
Ustults 

,, 
,, 

Soil 
texture 

Clay 
Cl&y 

Sandy clay loam 
i 
" 

Soil 
pH 

6.30 
6.05 
6.20 
6.57 
7.30 
6.80 
6.72 

Available P 
by Bray II 

(ppm)20 
20 
36 
39 
15 
9 

14 

No. of spores 
per 100 g 

soil246 
389 
190 
160 
116 
63 
79 

9. Kabinburi 5 20.7.83 7.50 13 132 
10. Kalasin 1 6.7.83 Ustults/ Loamy sand 

6.90 
4.60 

14 
13 

263 
340 

0 
11. Kalasin 2 
12. Kalasin 3 
13. Kalasin 4 
14. Kalasin 5 

6.7.83 
6.7.83 

13.3.84 

13.3.84 

Aqaults 

,; 

4.99 
4.88 
5.70 

13 
17 
15 

104 
54 

120 
15. Kalasin 6 13.3.84 6.00 12 174 
16. Khonkaen 1 
17. Khonkaen 2 
18. Khonkaen 3 
19. Mahasarakarm 1 

22.3.14 
22.3.84 
22.3.84 
23.3.84 

Utisols 
It 
it 

6.20 
6.30 
6.20 
6.60 

16 
11 
12 
7 

363 
27 (dead) 
18 " 
21 

20. Mahasarakarm 2 23.3.84 5.69 5 230 
21. Mahasarakarm 3 
22. Mahasaramarm 4 

23.3.84 
23.3.84 

, 
5.50 
5.60 

3 
16 

170 (dead) 
260 

23. Nakonrajaima 1 
24. Nakonrajaima 2 
25. Pisanuloke 1 
26. Pisanuloke 2 
27. Pisanuloke 3 

16.5.83 
16.5.83 
8.5.83 
8.5.83 
8.5.83 

Inceptisole 
if 

Alfisols 
,, 
,, 

Clay 
" 
'" 

" 

" 

4.80 
6.30 
6.50 
4.49 
4.36 
4.58 

8 
13 
20 
36 
35 
42 

175 
145 
180 
20 

208 
120 



Location Date Soil Soil Soil Available P No. of spores 
Collected order texture pH by Bray II per 100 g 

28. Pisanuloke 4 
29. Pisanuloke 5 

12.8.83 
12.8.83 

4.70 
4.90 

(ppm) 
35 
30 

soil 
1235 (dead) 
674 " 

30. Prae 1 14.6.83 Ustults Sandy clay loam 6.20 29 382 
31. Prae 2 14.6.83 " " 6.54 32 528 
32. Prae 3 14.6.83 " " 6.83 31 223 
33. Prae 4 14.6.83 " " 6.50 28 120 
34. Prae 5 20.7.83 o" 6.50 28 893 
35. Prae 6 20.7.83 " " 6.78 27 1029 
36. Roiet 1 25.3.84 Utisols Loamy sand 5.30 34 260 
37. Roiet 2 25.3.84 " " 4.90 12 145 
38. Roiet 3 25.3.84 " i 5.60 12 470 
39. Saraburi 1 12.5.83 Vertisols Clay 7.49 25 147 
40. Saraburi 2 
41. Saraburi 3 

12.5.83 
12.5.83 

" 
" 

6.80 
6.90 

22 
25 

568 
983 

42. Saraburi 4 
43. Saraburi 5 

12.10.83 
23.10.83 

" 
" 

6.85 
6.70 

25 
15 

27,200 (dead) 
4,200 " 

44. araburi 6 23.10.83 " 6.80 23 1,500 " 
45. Saraburi 7 15.01.84 " " 6.83 12 23 " 
46. Saraburi 8 15.01.84 " 6.50 17 none 
47. Saraburi 9 15.1.84 " 7.74 24 none 
48. Saraburi 10 
49. Sargburi 11 

15.3.84 
16.3.84 

Vertisols 
" 

Clay 
I 

6.53 
7.33 

26 
23 

79 (dead) 
830 

50. Saraburi 12 
51. Saraburi 13 

16.3.84 
16.3.84 

" 
" 

" 
" 

7.08 
6.80 

22 
21 

1,523 
868 

52. Saraburi 14 16.3.84 " 6.83 19 357 
53. Saraburi 15 16.3.84 I 7.70 18 240 
54. Saraburi 16 16.3.84 6.15 27 330 



----------------------------------------------------------------------

----------------------------------------------------------------------

----------------------- -- ------------------

Table 2. Number 
of 14 common species of VA mycorrhizal fungi
 

collected from paddy field in 1983-1984.
 

No* 
 Species
 

1. 
 Acaulospora morrowae
 

2. 
 Acaulospora laevis
 

3. Gigaspora gregaria
 

4. 
 Acaulospora mellea
 
5. Gigaspora heterogama
 

6. 
 Glomus intraradices
 

7. Gigaspora Miagarita
 

8. 
 Glomus etunicatum
 

9. 
 Gie=.Ub clarum 

10. Acaulospora spinosa
 

11. Gi3aspora gigantea
 

12. 
 Acaulospora scrobiculata
 

13. Gigaspora calospora
 
14. Gigaspora aurigloba
 

*number listed in order of spores prevalence.
 



Table 3. Effects of VAM species on height, shoot dry weiqht, yield, number of spores in soil
 
and percent root colonization of soybean in the greenhouse.
 

Height Shoot dry wt Yield spores/ percent root 
Species (cm) (gm/pl) (gm/pl) 100 gm soil colonizatior() 

ETU 1 31 28.8 ab 9.8 b 1.6 b 38 d 24 c 

DES# 39 28.9 ab 13.5 ab 3.8 ab 443 b 72 ab 

MAR # 40 28.3 -bc 11.9 ab 4.9 a 128 c 73 ab 

GRE # 33 30.6 a 11.3 ab 1.7 b 15 d 9 d 

ENTRO # 8 24.6 c 10.8 b 3.3 ab 518 b 23 c 

GRE # 57 27.5 abc 10.8 b 2.7 ab 7 d 25 c 

GI # 56 27.0 abc 12.2 ab 3.8 ab 40 d 30 c 

ASCR# 22 30.0 a 16.0 a 4.6 a 1837 a 60 b 

MOS 27.6 abc 16.5 a 3.4 ab 202 c 80 a 

INT # 26 27.9 abc 14.5 ab 5.0 a 207 c 98 a 

MOS # 6 29.2 ab 12.0 ab 3.8 ab 155 c 31 c 

GLOMUS # 17 28.9 ab 11.8 ab 4.4 ab 5 d 36 c 

Control 26.7 be 11.5 ab 2.0 b 0 d 1 d 

%C.V. 6.2 21.7 18.4 9..7 87.7 

In a column, means followed by a different letter are significantly different at the 5% level
 

using DMRT.
 



----- -------------------------------------------------------------------------------------

Table 4. 
Effects of VAM species on height, shoot dry weight, yield, number of sproes in soil
soil and percent root colonization of mungbean in the greenhous.
 

Species 
Height 

(cm) 
Shoot dry weight 

(gmipl) 
Yield 

(gm/pl) 
spores/ 

100 gm scil 
Percent Root 

colonization(%) 
ETU # 31 20.4 5.3 ab 3.7 bc 92 d 50 c 
DES # 39 20.1 4.2 b 1.7 c 150 c 94 b 
MAR # 40 23.7 6.6 a 6.0 ab 37 e 97 a 
GRE # 33 20.2 4.9 ab 2 .6 c 15 f 16 d 
ENTRO # 8 21.6 4.4 b 2 . 7 c 4 f 84 ab 
GRE # 5 7 

21.7 5.2 ab 2.2 c 15 ef 68 b 
GI # 56 21.1 5.7 ab - 50 e 14 d 
ASCR # 22 23.7 5.5 ab 5.6 b 1,005 a 70 b 
MOS 22.5 5.9 ab 3.3 c 213 c 68 bc 
INT # 26 23.0 6.2 ab 6.0 ab 96 d 98 a 
MOS # 6 21.7 4.9 ab 7 . 7 a 1 8 2 c 98 c 
GLOMUS # 17 20.3 4.2 ab 6.4 a 360 b 49 c 
Control 21.8 4.3 ab 3.8 bc 0 f 19 d 
%C.V. 8.6 19.9 11.8 91.4 72.5 

In a column, means followed by a different letter are significantly different at the 5% level

using DMRT.
 



-----------------------------------------------------------------------------------------------------------------------

Table 5. Effects of VAM species and phosphate application on height, shoot dry weight, yield, number of spores in soil,
 

percent root infection and phosphorus content of soybean at Chiangmai.
 

Height Shoot Dry weight Yield Spores/ Percent root phosphorus
 
-cies (cm) (gmipl) (kg/ha) 100 gm soil colonization(7.) content inplant(7o)
 

+P -P -P +P -P +P -P +P -P +P -P 

MOS # 6 45.7 a 42.3 ab 10.9 a 10.0 ab 1250 b 1489 ab 118 104 76 81 0.093 0.107 

GLOMUS # 17 41.1 b 40.1 b 7.7 a 9.5 ab 1191 b 1241 " 218 144 45 48 0.088 0.091 

lhT # 26 45.7 a 42.1 ab 10.2 a 6.2 b 1342 b 1236 b 177 164 50 63 0.100 0.089 

ETU # 31 44.1 ab 42.0 ab 9.9 a 17.8 a 1411 b 1230 b 124 89 71 70 0.099 0.076 

DES # 39 46.6 a 41.4 ab 8.8 b 6.8 b 1603 ab 1275 ab 235 279 69 79 0.890 0.117 

ASCR # 22 46.8 a 44.9 a 6.1 c 3.9 b 1834 a 1653 a 323 169 82 78 0.078 0.087 

Control 46.0 a 43.1 ab 8.1 a 12.2 ab 1575 ab 1244 b 144 178 74 85 0.094 0.095 

Means 45.1 a 42.3 a 8.8 a 9.5 a 1458 a 1334 a 191 161 67 72 0.092 0.095 

C.v.P.(7.) 11.1 58.8 9.6 7.7 20.5 

C.V. Species(7.) 5.1 61.8 16.0 8.3 12.0
 

In a column, means followed by a different letter are significantly different at the 5% level using DMRT.
 



------------------------------------------------------------------------------------------------------------------------

Table 6. Effects of VAM species and phosphate application on height, shoot dry weiqht, yield, number of spores
in soil, percent root infection and phosphorus content of mungbean at Kalasin.
 

Height 
 Dry weight Yield 
 Spores/ 
 Percent root
Species Phosphorus
(cm) (gm/pl) (kg/ha) 
 i00 gm soil Colonization (7) 
 ccntent in plant(%)
+p -P +P 
 -P +P -P 
 +p -P + 
 p +p -P

MOS # 6 25..L b 26.0 bcd 
 6.5 4.6 318 bcd 
 643 ab 157 
 170 44 29 
 0.214 0.183
 
GLOMUS #17 28.4 ab 28.7 bc 
 4.7 5.1 589 a 
 618 ab 189 
 200 31 
 26 0.204 0.198
 
INT # 26 31.8 a 30.9 ab 6.1 4.4 
 701 a 622ab 197 189 
 37 
 39 0.211 0.158
 
ASCR # 31 33.2 ab 
 24.8 d 6.6 
 6.9 
 605 bcd 589 b 217 165 
 22 30 
 0.248 0.200
 
ETU # 3^ 28.0 ab 34.6 a 
 6.5 6.1 668 ab 
 668 b 288 
 206 38 34 
 0.216 0.200
 
DES # 22 28.0 ab 26.0 bcd 
 4.1 3.4 
 664 abc 664 a 212 255 37 
 34 0.235 0.225
 
Control 27.9 ab 30.9 ab 
 3.7 6.7 601 cd 
 605 ab 219 216 17 
 23 0.257 0.190
 
Means 28.9 a 
 28.4 a 5.5 
 6.5 635 
a 630 a 211 187 
 32 
 31 0.226 0.193
 
C.V.P.(%) 12.9 
 16.9 
 % 4.1 
 7.2 
 33.9
 
C.V. Species (7) 12.9 
 48.8 
 6.5 
 5.2 
 29.5
 

In a column, means followed by a different letter are significantly different at the 5% level using DMRT.
 



Table 7. Average height, root dry weight, number of spores, and percent root colonization of mycorrhizal
 
inoculated peanuts grown in different media.
 

Height (cm) Root dry weight/pl(gm) No.of spores/100 g.soil % root colonization
 

Treatments 60 days 90 days 60 days 90 days 60 days 90 days 60 days 90 days
 

1. Sand 29.7 de 34.5 e 1.82 cd 1.38 c 105 b 160 a 6 b 27 b
 

2. Clay 48.3 abc 58.0 abc 4.72 ab 3.49 abc 284 a 315 a 8 b 35 b
 

3. Peat 54.9 a 66.5 a 2.98 bcd 4.73 a 345 a 351 a 17 a 58 a
 

4. Loamy sand 28.5 e 34.0 e 1.08 d 1.50 c 21 b 164 a 6 b 25 b
 

5. Rice husks 38.8 cde 39.8 de 2.24 bcd 1.67 bc 2 c 12 b 11 ab 40 ab 

6. coconut coir dust 42.7 bc 49.0 bcde 3.06 abc 2.34 bc 139 a 140 a 14 a 48 a
 

7. Sand + Peat 40.7 bc 4305 cde 3.57 abc 2.59 bc 245 a 294 a 9 b 39 b
 

8. Sand+ clay 51.9 ab 63.3 ab 5.20 a 5.03 a 313 a 370 a 12 a 60 a
 

9. Vermiculite 49.6 abe 52.7 abcd 3.86 abc 3.72 ab 144 a 156 a 4 b 16 b
 

-Means followed by different letter are significantly different at the 5% level using DMRT.
 



----------------------- --------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------

Table 8. Root dry weight, spores on soil, and percent root colonization of different kinds of plant hosts

inocualted with Glomus fasiculatum in sand + clay.
 

oot dry "night/Pl(gm) 
 Spores/100 g.soil 
 Root colonization(7.)
 
Plants host
 

30 days 60 days 90 days 120 days 60 days 
 90 days 120 days 60 days 90 days 120 days
 

1. Onion 6.85 a 6.94 a 4.92 b 3.80 c 253 c 4 6 34 2 c 312 c a 80 a 80 a 
2. Sorghum 6.60 a 8.38 a 8.29 a 8.11 b 293 b 413 b 410 a 12 bc 60 a 80 a
 
3. Corn 4.87 a 1.30 c 3.91 b 9.01 a 269 bc 365 bc 415 a 20 b 76 a 80 a
4. Soybean 1.67 c 3.59 b 3.60 b 3.68 c 
 333 a 421 a 431 a 32 a 
 64 a 84 a
0 5. Mungbean 1.54 c 0.51 c 0.34 c 1.28 d 205 d 313 d 329 c 6 c 10 c 14 cd 
6. Peanut 2.56 b 3.30 b 1.72 c 1.20 d 25 3 c 372 c 379 b 10 bc 46 b 20 c 
7. Sabi 0.42 d 0.72 c 0.71 c 1.20 d 137 f 284 c 310 c 6 c 6 cd 8 d 
8. Bahia 1.17 c 0.4 6 c 0.25 c 1.18 d 170 e 319 c 325 c 8 c 10 c 10 c 
9. Kudsu 1.3 7 4
c 2.42 b 2.89 b .59 c 2 50 c 368 c 390 ab 10 bc 27 b 
 56 b
 
10. Chinese 0.61 d 0.78 c 13 9 1.23 c 1.36 d 130 f e 120 d 0 d 0 d 0 d 

Cabbage
 

nldlu-------------------------------------------------------------------------------------------------------


In a column, means 
followed by a different letter are not significantly different at the 5% level using DMRT.
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ABSTRACT
 

A Biological control study of schistosomiasis-transmitting snails in 
Southeast Asia was conducted in two parts: testing of the efficacy of 

biological control of snails which transmit schistosomiasis by using bio

logical agents, such as insects and molluscs; ani study of the genetic 
variability of snails which transmit schistosomiasis in relation to 

degrees of parasite compatibility and susceptibility. The results of the 

biological control study of snails by using insects as control agents 

revealed that both sciomyzid and lampyrid fly larvae were effective con

trol agents in ki Iling snails. The sciomyzid fly larvae caused higher 

mortality in pulmonate snails while lampyrid fly larvae were more effec

tive in controlli).nq both pulmonate and operculate snails. The results of 

the biological control study of snails by using molluscs as control 

agents revealed that Pila ampullacea appeared to be the most effective 

control agent for both pulmonate and operculate snails due to its large 
size and voracious habits. The genetic variation study of Asian Schisto

soma had revealed that all strains of Asian schistosomes examined were 

genetically invariant; there were more variations within S. japonicum 

species; and the Malaysian schistosoine was related to S. mekongi, not 

S. japonicum. The genetic variation in the snail, Oncomelania hupensis 
revealed that the Chinese O.h. hupensis and Philippines snail, O.h. 

guadrasi were so different from one another as to require their recogni

tion as separate species.
 

INTRODUCTION
 

Schistosomiasis is one of the great endemic diseases of warm cli

mates. It affects nearly 200 million people. The four most important
 

species of schistosomes infecting man are Schistosoma haematobium,
 

Schistosoma mansoni, Schistosoma japonicum and Schistosoma mekongi.
 

Asian schistosomiasis is comprised of 2 species: S. japonicum and 

one of the major health problems in Asia.
S. mekongi. The disease is 

S. mekongi is prevalent in Laos and Cambodia along the north and north

eastern borders of Tlailand (Schneider, 1976; Sornmani et al., 1980). 

S. japonicum is endemic in China and many Southeast Asian countries espe

cially the Pnilippines and Indonesia. Recently, a new species of schis

tosome has been reported in Malaysia (Malaysian schistosome).
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The basic life 
cycle of 
a schistosome 
has an alternation
tions with tile of generasexual generation of 
adult scnistosomes
vertegrate in the definitive
host and the asexual stage in 
a molluscan
species of freshwater host, which is a
snail. 
 Transmission 
of schistosoe
requires infections
contact 
with water infesred 
with snails, intermediate
an area hosts in
where sanitation 
is poor 
and a large population 
of infected
 
people.
 

In the last decade, schistosomiasis control 
was synonymous with snail
control, 
which 
was generally 
considered 

means of 

the most effective and rapid
reducing transmission 
(Faroog 
et al., 1966). 
 The efficiency of
snail control can be 
enhanced 
if combined 
with other methods of
Snail control.
control 
 can be performed 
 in many areas such
control, as environmental
water management, 
 agricultural 
 practices, 
chemical 
 control
(Mollusciciding) and biological control.
 

Regardinj bio-cont rol 
 of snail intermediatespecies, ranging hosts, several hundredfrom fish to fungi, have been consideredpetitors or potential compredator!s, but their efficacies have very rarely been testedoutside laboratory model systems (Michel con, 1957; Ferguson,
Hairston 1972;

et al., 
1975).
 

The grat majority of successful examples of biologicalundesirable control ofspecies has involved the use of insects.insects, Among snaileatingte most interest has focused on schiomyzidobligatory feeders on mollusc larvae, 
flies, which are

ma..nly gastropods.1964; (Berg, 1953;
Berg and NefL, 1 59; Neff, L964; Knutson1972). In addition, 
and Berg, 1963; Fontana,the introduction 
of
snails has 

possible competitive species of
received 
tne most attention 
to date. Hence,
tives of this one of the objecinvestigation 
was to study the efficacy of
trol biological conof snails 
which transmit schistosomiasis 
in Southeast
biological agents, the insects and the molluscs. 
Asia using
 

A genetic analysis of 
molluscs by allozyme electrophoresis provides a
convenient 
basis for 
the characterization of 
populations and
assessment species and
of the degrees of variation between such groups of
study of the animals. A
genetic variations of 
Asian blood flukes and
ship between the the relationfluke and 
 its snail host
understanding is very important since an
of 
toe genetic variations 
between
of the parasites and 
species and populations
ho3ts would 
be an important
epidemiology of 

key to understanding
the disease 
as well 
as to control 
the spread of schisto
somiasis in Asia.
 

The results would 
not only facilitate 
a greater understanding of
complex evolutionary divergences the
of S. japonicum and other Asian schistosomes but would also 
lead to the 
evaluation and 
development of
gical diagnostic tools and 
immunolo

vaccines against

study of the parasites. Moreover, the
genetic variations of Oncomelania snails would
evolution help clarify the
of the host-parasite relationship, and 
benefit those
on disease control. Hence, who work


another objective of 
this investigation
to study genetic variability was
of snails transmitting 
schistosomiasis
Southeast in
in relation
Asia to degrees of parasite compatibility 
and
susceptibility.
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MATERIALS AND METHODS
 

I. Biological Control of Snails
 

A. Insects
 

Adults of Sepedon plumbella (Diptera : Schiomyzidae) were 
collected from their natural habitats and reared in the laboratory. They
 
were cultured in a 2000-mi glass jar containing a batch of rice plants
 
which were used as resting and oviposition sites. Crushed flesh of
 
various species of snails was given as food to these sciomyzid flies.
 

Sciomyzid fly larvae and lampyrid fly larvae were used as 
biological control agents against pulmonate and operculate snails in the 

ratios of 4:0, 3:1, 2:2, 1:3 arid 0:4, under laboratory conditions, simu
lated field conditions, and field conditions. 

B*. Mollusc:s 

Four species of snails, Pila ampullacea, Tarebia (Thiara) 

granifera, Melanoides tuberculata and Brotia costula costula were used to 
test their ef ficac ies against various species of schistosomiasis
transmitting ,;nails. Both biological agents and target species of snails 
were cultured in the laboratory. The experiments were divided into 3 
stages : laboratory, simulated field conditions and small scale field 
trials.
 

II. Genetic and Susceptibility Studies
 

We were accordingly and particularly interested in estimating 
the relative degLees. of interpopulation genetic differentiation between 
Asian schistosomes an,] intermediat.e host snails. Starch gel electro
phoresis was used to distinguish allozyme patterns between species and 
populations of Asian schistosomes and Oncomelania snails. Different 
genotypes were identified by differences in positions of the colored 
bands on the gel. Unbiased estimates of genetic distances between 
species and strains were calculated using Nei's revised formula (Nei, 

1978) and the BIOSYS ;.omputer program (Swofford and Selander, 1981). 
Nei's D is a measure of the number of codon substitutions per locus; it 
can vary between 0 (when two samples are genetically identical) and infi
nity. Studies of over a thousand species of animals have revealed a 
clear relationship between 1) and relative divergence and taxonomic status 
of a group of reloted organisms (Avise and Aquadro, 1982; Thorpe, 1983). 
D values between cunspecific populations were typically less than 0.06,
 
on the other hand, interspecific genetic distances were being in the 

range of i)= .IU-1.U5. It is these values in mind that we used in this 
study for Asian schistosomes and their intermediate host snails. 

RESULTS AND DISCUSSION
 

I. Biological Control of Snails
 

The biological control study of snails by mollusc and insect 
control agents was conducted in three phases: (I) experimental work in 
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the laboratory, 
 (2) experimental 
work 
under simulated 
field conditions,
and (3) experimental work under 
a small scale field trial.
 

A. Insects
 

The biological control study between sciomyzidand the snails fly larvaein the laboratory revealedfly larvae were effective 
that the third stage sciomyzidcontrol agents for pulmonatepreviously target snailsmentioned; asthe ratio 
of three sciomyzid fly 
larvae
snail rendered to one

the best results.
 

The experimental 
 work on biological controlinsects under of snailssimulated byfield conditions revealedlarvae were that the sciomyzid flyeffective control agents
ratio for the pulmonate snailsof 1:3 in the(snails. sciomyzid fly larvae). Theyeffect on operculate snails due 

did not have muchto the closingsnails when of the opercula of thesedisturbed. The lampyrid fly larvae werekil ring puimonate more effective inind operculate snails than the sciomyzidwere, but were with 
fly larvaemore successful pulmonate than with
snails. Unlike operculatethe sciomyzid fly larvae, the lampyrid fly larvaeseldom killed when wereattacking operculate snails. 

The experimental
insects work on the biological control ofunder a smiAl snails byscale field 
were more effective 

trial showed that lampyrid fly larvaeas control agents in killing both pulmonateculate snails than sciomyzid and operfly larvae. The larvae, especiallythe sciomyziii those offly, caused higher mortality to pulmonatethan to operculate snails due to the 
snails rather 

closing ofsnails when the opercula of thesedisturbed. The lampyrid fly larvae werekilling pulmonate more effective inand operculate snails were, but were 
than the sciomyzid fly larvaemore successful with pulmonate thansnails. Unllike the with operculatesciomyzid fly larvae, the lampyrid fly larvae wereseldom killed when attacking operculate snails.
 

The experimental 
 work on the biologicalinsects under a small scale control of snails byfield trial showed that lampyrid flywere more effective as control agents 
larvae 

in killing both pulmonateculate snails than sciomyzid fly larvae. 
and oper-

The larvae, especiallythe sciomyzid those offly, caused higher mortality to pulmonate snails ratherthan to operculate snails. 

B. Molluscs
 

From the experimental
by mollusc control agents 

work on biological control of snails
in the laboratory, it
biological control was concluded that theagents, Brotia costula costula, TarebiaMelanoides granifera, andtuberculata, even though they hadtial than higher reproductive potenthe target pulmonate snails, Biomphalarianorbis exustus glabrata, Indophaand Radix rubiginosa,

required had higher mortalitya much longer time for cates andthe young molluscsdid to become maturenot seem to be appropriate control agents 

and 
As for the pulmonate snails.for the prosobranch 
 target snails, Tricula 
aperta, Robertsiella
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kaporensis, Oncomelania hupensis quadrasi, and Bithynia siamensis
 

goniomphalos and there seemed to be no relationships between the control 

molluscs and the target snails due to differences in habitat. However, 
the three species of control agents certainly had higher reproductive and 
survival rates than the target species. Pila ampullacea, the other 
biological control agent, appeared to be an effective control agent for 

B. glabrata, the pulmonate snail. The ampullacea B. giabrata could be an
 
accidental predator of the egg masses of B. glabrata in the laboratory. 

The experimental work on the biological control of snail by 
mollusc control agents under simulated field conditions was performed at 
a small field station tor 8 months. The results showed that B.c. 
costula. T. granifera were effective control agents for I. exustus and 
R. rubiginosa due to higher reproductive and survival rates. M. tuber
culata seemed to be effective for R. rubiginosa, but not for I. exustus. 

These three species of control agents could not control B. glabrata had 
been established longer and was more well adapted to cultivation than the 
control agents. However, P. ampullacea was effective in controlling the 
population of all three target species of putmonate snails including 
B. glabrata. The competition for food, physical ii]Lerference between 
snails or predation ca egg masses of the target species. All four 
species of control agents did not seem to have many effects on the proso
branch target snails, T. aperta, O.h. quadrasi and B.S. goniomphalos. 

The experimental work on the biological control of snails by 
molluscs in a small scale field trial was performed in natural canals 
outside Bangkok. P. aIPUllacea was chosen as the control agent to be 
tested against the Local species of target snails, 1. exustus, R. rubigi
nosa and B.s. goniomphalos. Undo r natural conditions, P. ampullacea 
appeared to oe effective in killing snails and to have better survival 
rates than the small target snails due to their large survival rate arid 
voracious nabits. At the end of the eighth month, the numbers of target 
snails had decreased drastically. Even though the target snails laid 
large numlTer; of eggs, only a small number of offspring survived. This 
stage of *xperimentation is still in progress and may take longer than 
onie year to complete. The population densities of the control agents and 
the target species must be studied regularly until the target species 
disappear: or is replaced by the snail control agents. 

II. Genetic and Susceptibility Studies
 

A. Susceptioility study
 

The study of the susceptibility of Oncomelania hupensis 
quadrasi from different geographical locations to infect with geographic 
strains of Schistosoma japonicum revealed that the strain of S. japonicum 
from Mindoro was able to develop in all geographical strains of the snail 
host O.h. quadrasi, with the best fluke development in O.h. quadrasi from 
Irosin; the snail species from Mindoro and Mindanao was next, and finally 
the Leyte snails. S. japonicum from Leyte developed best in Irosin 
snails, and poorly in snails from Leyte, Mindanao, and Mindoro, respec
tively. S. japonicum from Mindanao developed best in snails from Minda
nao, and very poorly in snails from irosin, Mondoro, and Leyte. 
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B. 	Genetic variation of Asian Schistosoma
 

Our research has 
resulted in 
3 significant discoveries.
 

I. 	 Alt strains of Asian schistosomes examined were geneti
cally invariant.
 

2. 	 There is more 
variation than previously suspected within
S. 	 Japonicum species, which indicates 
that they may be made
sibling 	 up of severalspecies. Tne Philippines' schistosomes (from Leyte, Luzon, andMindoro islands) were geneticaly very different from strains 
from China,

Taiwan, and Japan.
 

3. 	The 
st:ill undescribed 
Malaysian schistosome 
is 	 related
 
to S. mekongi and 
not 	S. japonicum. 

C. 	 Genetic variation in 
the snail Oncomelania hupensis
 

Our results indicate that;
 

i. 	 Nei's genetic distances among the Philippines snails(Oncomelania hupensis quadrasi) 
from various islands were D 
= 0.001-0.118,well within expectations 
for 	conspecific comparisons.
 

2. 	 Nei's 
genetic distances between O.h. 
hupensis in mainland of China and 0.h. quadrasi in the Philippines were D = 0.63+0.20. This indicates that the Chinese and Philippines snails are 	 so differentfrom one another as 	 to require their recognition as separate species;0. hupensis 
in China and 0. quadrasi in the Philippines.
 

The 	 systematic revision of 	 these biomedically importantmals will facilitate 	 anitheir control and the improved treatment and preven
tion of schistosomiasis. 
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ABSTRACT
 

High temperature conduction heat treatments reduced fungal growth and 

prevented spoilage in freshly harvested high-moisture rice leading to its 

safe storage prior to drying. In addition, heat treatments resulted in 

accelerated drying of rice with an improveinent in its milling and as well 

as cooking qualities, depending upoa the initial moisture content of the 

rice and time-temperaturP combinations used to reduce the fungal activity.
 

The prototype rice husk-fired rotary heating unit developed specifi

cally for the heat sterilization of rough rice showed good mechanical and 

thermal performance. Such rotary heaters could be effectively used for 

sterilization and accelerated drying of high moisture rice. 

INTRODUCTION
 

In Southeast A-ia, imlMediate drying of freshly harvested rough rice 

is essential to Prevent its quality deterioration under warm and humid 

climatic conditions. Rapid growth of microorganisms in high-moisture 

rough rice being held for drying especially during the rainy season, 

results in loss of seed ViaDiity, reduced milling yield, discoloration 

of milled rice grains, altered texturr and potential hazards from 

toxins1 , 2. The deterioration in the quality of high-moisture rice 

leads to a direct economic loss. A practical solution of this problem 

will consist of either avoiding drying delays or extending the safe stor

age period of high-moisture rice. Various methods of holding nigh mois

ture rice prior to drying, which have been attempted in the past, include 
4 


the aeration of high-moisture grain 3, airtiqht storage and the use
 
5
of chemical preservatives . These methods have been used only with
 

limited success. 

Heat sterilization-cum-partial drying of high-moisture rice could
 

prove to oe innovative and practical in holding the rice safely for short 

periods prior to drying without damage to grain quality. This paper des

cribes the results of the use of rotary dryers specifically designed and
 

developed for heat sterilization and accelerated drying of freshly har

vested high-moisture rice.
 

59
 



MATERIALS AND METHODS
 

The overall experimental plan included 
the following: (M) heat treat
ment of high-moisture rice in 
a batch type rotary conduction heating unit
 
to prolong its safe temporary storage, and 
(ii) performance evaluation of
 
a prototype rice husk-fired rotary heating unit for heat 
sterilization
 
and as 
well as accelerated drying of high-moisture rice. The first part

of this study included a detailed investigation of the following: 
(a)

thermal inactivation of fungi 
in freshly harvested rough rice, (b) qua
lity effects of high temperature heating of rice, and (c) storage tests
 
for heat-treated rough rice.
 

Heating surface temperatures ranging from 75 to 200 °C were used tosterilize freshly harveoted rice having 18 to 30% moisture content. The 
effects of heat treatments were investigated in terms of heat 
rice yield,

milled rice whiteness and cooked rice 
texture. Subsequently, safe hold
ing periods of heat-treated rough rice samples having 
moisture content

ranging from 
22 to 26.5% were determined based upon an acceptable level
 
of reduction 
in head rice yiel' and an increase in the proportion of dis
colored kernels.
 

Heating of Rough Pice Samples
 

The experimental heating unit consisted mainly of a rotary

cylinder, U.35 m in diameter and 0.85 m long, with 
six equidistant

straight axial flights extending 
4 cm from the inside surface. The tem
perature of the cylinder 
surface could raised
be up to 300 OC. The
 
cylinder rotation speed could 
be adjusted from 10 to 40 
rpm by a variable
 
speed electric motor. Rice samples 
were heated in batches of 3 kg using

heating surface temperatures of 75, I00, 150 and 200 °C. 
 The details
 
of the experimental procedure are given by Reyes and Jindal 6
 .
 

Storage Experiments
 

After the heat treatment, rough rice samples were allowed to
 
cool to room temperature in plastic buckets. 
 Subsequently the samples

were transferred into 2 liter capacity glass bottles 
with provisions for
 
carbon dioxide to escape through the cotton 
plugs into the atmosphere
 

7
during 3torage .
 

Rough Rice Quality Evaluation
 

Measurement of fungal activity. The number and 
proportion of

fungi present in 
the rice samples were determined by dilution plating
 
assay as described by Flannigan 8
 .
 

Milling quality evaluation. 
All rough rice samples (heat-treated

and 
control) were air-dried to 14% moisture content prior 
to milling.

The milling quality of 
rice samples was evaluated in 
terms of the percen
tage of the head rice representing 3/4 uf whole kernels size or larger

and total milled rice using standard laboratory procedure 9
 .
 

60
 



Determination of discolored kernels. The discolored kernels 
present in milled rice samples weighing about 20 to 30 g were separated 
manually and expressed later as a percentage of the total sample weight. 

Other details of the equipment and experimental procedure are
 
given by Reyes and Jindal 6 , 7. 

The schematic diagram of the prototype rotary dryer heated by
the burning of rice-husk is shown in Fig. I. In short, the unit con
sisted mainly of an inclined grate-type furnace and a slowly rotating 
cylinder, 0.6 in in diameter and 2.0 m long. As the cylinder rotated, the
 
helical flights pushed the grain causing it to slide, roll or tumble 
along the inside wall of the cylinder. Tthe high moisture rice got heated 
and dried Silmultaneously during its conveying to the other end of the 
cylinder until discharged. The cylinder rotation speed could be varied 
from I to 4b rpm. The furnace served as the heat source to the dryer by
burning ot rice husk. The husk feed rate depended upon the desired heat
ing surface temperature which was calibrated in terms of the flow gas 
temperature. Other design details and experimental procedure are reported
 
elsewhere[ 0 , 11. 

RESULTS AND DISCUSSION
 

Thermal Inactivation of Fungi in High Moisture Rice
 

The neat-treated rice samples exhibited reduced fungal activity 
as measutred by dilution plating and carbon dioxide production. The 
reduction in [ungal activity depended directly upon the heating surface 
temperature and exposure 
time. The fungal mortality in high-mcisture
rice was expressed in terms of bulk grain temperature and equivalent 
exposure times for general application (Fig. 2). Subsequetitly a proce
dure was developed for estimating the exposure times required for reduc
ing the fungal activity to a desired level based on the time-temperature
 
history of the grain in a given heating system6 .
 

Temporary Storage of Heat-Treated High-Moisture Rice
 

Heat treatments reduced the fungal growth and prevented the
 
spoilage in newiy-harvested high moisture rice leading to its safe tempo
rary storage. The fungal mortality levels close to 90% or slightly

higner attained :s a result of heat treatments were found to be satis
factory for 9eneral u:se. 

An increase in the proportion of discolored kernels 
in milled
 
rice due to the temporary storage of nigh moisture rice appeared to be a 
more sens;itive criterion than the reduction in head rice yields for
 
developing the limits for safe storage periods. In general, heat treat
ment of high moisture rice using exposure times corresponding to 90-95% 
fungal mortality levels resulted in increased safe holding periods of 
about 9 to 20 days based ol an acceptable limit of 1.5% increase in dis
colored kernels in the milled rice. A relationship for estimating the 
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safe storage periods of freshly-harvested rice was developed basedmoisture content on theand the 
fungal mortality 
level achieved with 
various
heat treatments at 
the beginning of temporary storage 7
 .
 

Effects of Heat Treatments on Rice Quality
 

High temperature heat treatmentscontents on rough rice having moisturein the range of 1% 
 to 30% produced milled 
rice showing better
head yield and improved cooked-rice texture. 
 A slight reduction in milled
rice whiteness was noticed depending upon the experimental conditionsll.
The heated smples produced firmer 
rison with 

and less sticky cooked rice in compathe control sample. Based on the time-temperature history ofbulk grain, reaction kinetic parameters and anddetermined for specified changes 
Fc Zc - values were 

in heat rice yields for general applicat ion. The estimated 
 isothermal heating times c-.(F values) were related 
to the reference bulk 
grain temperature (Tref)
ture content and initial moisof the rice samples (IMC). The plots ofTref led Fc - value and theto the determination of Zc-value and its dependence on the
IMC of rough ricel2. 

Conduction Heating for Accelerated Drying
 

The prototype rotary unit heated by the burning offound suitable for rice husk washeat sterilization and accelerated dryingmoisture rice of highwith additional advantage of improved head yieldlO,For max mum ihead rice yeld, 11
heating surface temperatures in the range of10O to 180 Oc were found to be suitable for continuous drying of roughrice from 26% to about L8-21%. Whereas in rough rice having aboutinitial moisture content the 

22%
final moisture content for maximumyield ranged from head19 to 20%. Optimum time-temperature combinationsfinal. andmoisture contents for obtaining maximum head rice yield were alsoestablished. In general, an alternate secondwould be desirable stage drying procedureto bring tthe moisture content of paddy down to safestorage level while at the same time maintaining the head rice yieldgained during high-temperature short-time conduction heating. 

Further work on the performance and economic aspects of rotaryconduction dryers is currently in progress. 
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ABSTRACT
 

Recombi na nt 
 plasmids containing delta-endotoxin genes were constructed by ligating Sau 3AI tragments of B. thuringiensis H-14 5 kb fragments into plasmid vectors pUR290, pUR291 and pUR292. One of the cloneshad about 0.5 kb insert and produced .B-galactosidase fused protein whichreacted specifically to the antibody specific for 25 kDa protein. Thisclone had transient toxicity against A. aegypti larvae. Thirty-two outof 800 clones derived from recombinant plasmids constructed from XbaIfragmeu t of 110 kb 
plasmid of B. thuringiensis 11-14 ligated 
to pUCI2
were obtained. Sixteen out of these 32 clones gave immunoposi t ivereaction against tlte delta-endotoxin antibody and the sizes of DNAinserts were of 7.5 ku, 2.4 kb or 1.9 kb. Seven out of 16 clones werefotind to contjin mosquito toxins against A. aegypti larvae. Two of themwere transiently toxic whereas five clones showed stable toxicity. Thesetwo clones contained 5.1 and 0.5 kb inserts, respectively and hybridizedto the 72 inDa plasmid of B. thuringiensis H-14. The bifunctional 
recombinant plasinid constructed from 130 kDa delta-endotoxin gene could replicate and cede foL endoloxin production in both B. subtilis arid E. coli.Both clonts,; exhibited toxicity towards A. aegypti 
larvae, but protein
crystals were observed only 
in £, coli cells.
 

INTRODUCTION
 

Since the discovery of Bacillus thuringiensis var. israelensis1977, B. thuringiensis var. israelensis has become one of 
in 

the most promising potential bioinsecticides against larvae of mosquitoes. A number
of field trial studies are in progress to utilize 
 this bacterium for thebiological control of 
mosquito vect-s. There are three properties whichare foreseen as limitations to 
the effectiveness of B. thuringiensis var.
israelensis for mosquito control. 
 The first is 
its genetic instability
to toxin production, the second 
is its limited persistence in natural
environments and the final property is its narrow host range; the dosagerequired to 
 control malaria-carrying mosquitoes (Anopheles spp.)rather high. On isthe other hand, B. sphaericus, another famous biologicalcontrol 
agent, demonstrates 
a good potential for recycling 
and persistence in certain conditionl- 4 .
 However, recycling 
 does not always
occu ,, it seems 
to be favored by organic pollution. In general, Anopheles
are more susceptible to B. sphaericus than they are to B. thuringiensisvar. israelensis but this susceptibility Isv&±- according to species and 
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even strains of the same species. Particulate matter, strong ultraviolet
radiation, 
 low temperatures 
 and alkalinity

activity5 6 decrease larvicidal
- . Improvement 
in larvicidal activity and 
broadening 
of the
host range 
is a more appropriate alternative 
to combat malaria-carrying
 
mosquitoes.
 

Gene manipulation techniques have 
brought a 
new dimension
genetics. The to applied
initial step in 
developing a biotechnological process
generally is
a search for 
 suitable organisms. 
 Such organisms will be
expected to 
create products or 
services that 
will generate a financial
return to the industry in which they are utilized. Selection oforganisms is tedious improved
and time demanding and most of the methods available
to geneticists up until recently have involved trial and error. However,new genetic technologies, i.e. protoplast fusion,

of conjugation, and theuse recombinant DNA techniques, are allowing new approaches by whichuseful genetic traits 
can be 
inserted directly into the chosen organi-sms.Thus, totally new capabilities can be engineered and micro-organismsparticular inmay 
 be made to produce substances beyond their 
naturally

endowed genetic capabilities.
 

The objective of this study was to increase the toxicity of bacterialpathogens of 
malaria-carrying mosquitoes through genetic engineering.
 

MATERIALS AND METHODS
 

Chemicals
 

All chemicals used 
throughout this study were 
of analytical grade
or 
the purest grade available.
 

Microorganisms
 

Bacillus thuringiensis 
 var. israelensis 
 serotype
obtained from Institut Pasteur and 
H-14 was 

used as a source of delta-endotoxingene. Escherichia 
coli strain JM 
107 
and B. subtilis were used 
 as
 
recipients in gene cloning.
 

Plasmid 
vectors 
used tor the construction of recombinant DNAplasmids were 
pUCi2, pUR290, pUR291, pUR292, pUNI21 and pUB110.
 

Restriction 
enzymes used 
for the construction 
of recombinant
plasmids, restriction DNA enzyme mapping and DNA restr tion analysis wereAcc I, Acy I, Ban HI, Bel I, Bst Ni, Cla I, Dde I, EcoRI, Hae III, HindIII, Hpa II, Msp I, 
Pst I, Pvu II, 
Sau 2AI, Sau 961, 
Xba I, and Xho II.
 

Mosquitoes
 

The mosquito used in the assay for toxicity
A. aegypti was Aedes iegypti.was from stocks reared for several generations
ment at the Departof Microbiology. The colonies were started from field-collectedlarvae from Bangkhen, Bangkok. 
 The colonies 
were maintained 
using standard mor,,uito rearing techniques in a temperature and humidi ty-controlledrearing room 
to assure maximum vigor of 
the progeny selected for testing.
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Preparation of B. thuringiensis H-14 protein crystals
 

Baci lus thurin _ensis 11-14 cells were grown in a nutrient broth 
supplemented with mineral salts (NBS) at 30 0c in a rotary shaker at 200 
rpm for 5 days or until fully sporulated cells were outained. The fully
spordlated cultures W,'re harvested by centrifugation at 10,000 rpn for 10
mrin in a Sot, vaIl }&-5 super speed refrigerated cenIt[ifuge. The pellets,
which counLaiii ,d sp orus and crystaLs, were resus)pended in a solution con
taillincI M Nwc£ and 0.011% Tr iton X-10U, and tlne su spe nsion was dispersed
by sonica t ion 'i'h sunicates were centriLuged on continuous renografin
gradient.; (A 4)-7')% at 4,6)00 rpm for 3U rain using a HB-4 rotor. The band 
conta in i Ci st Ir Was 1slocated by sampling al iquots of 0.5 ml and 
exanin i ng a [£:i t n) wi tt a phase-contrast microscope. The fractions 
containinrg ,:t'ysta i ;re.... col leted and pooled together. The renografin 
was elimiritl i tcom tne puriIied [ys tal.s by di[lution of the suspension 
and centr i Ljgat i n. 

Identification of delta-endotoxin gene 

Ttke pu r[ A. d de Ita-endotox in was soI ubi Lized and analyzed by
SDS-polyacrylamide gel electroptioresis to determine the major components
that are responsitoIe for the Larvicida1 activity of the deIta-endotoxin 
crystals. The larvicidal activity was done by using Ld hr old A. aeg[p_
larvae exposed directly to ties JGspension of the souLubi lized component
and observed 24 to 48 hr afte r exposure. Individual protein components

o)htained from the sol utbL1IZat con of delta-endotoxin were tested against

purified rabl)it antibod ies 'itch were prepared 
 from soluble delta-endo
toxin proteins and rarimit antibodies which were prepared from the 25 kba 
protein purified from sephaex G-IUU. The mixtures of individual protein 
components that reacted with the ant [bodies were analyzed by SDS-PAGE 
followed t)y Western b'ot transfer, probing with the antibody and sub
sequent 1251 --prote ii A coup Led with autorad ixj raphy. 

Construction of recombinant plasmids and gene cloning
 

Plasimids from B. thuringiensis [1-14 were isolated by using the
 
alkaline-phenol extraction procedure of Kado and Liu 7 .
 Recombinant
 
plasmids containing delta-endotox in genes were constructed by ligating 
sau 3A1 fragments of B. thuringiensis H-14 p lasmids into expression
vectors, [.-UR29(J, pC!R291 and pUR292. The ligated oroduct was used to 
transform E. coli 1L rain JM 107 by the DMSO method described by
Hanahan 8 and the tansocmriants were selected on L-agar containing ampi
cillin it the concentration of 50 ug/mi. The colonies of transformant 
were lifted and tran.c rr-d ,onto a iitroceltulose filter, induced with 
IPTG for 3 hr at 37IC an] tysed with U.5 M NaOf. These colonies were 
probes for deItaefidotoxin production using rabbit antibody raised against
the delta-2ndotoxJn co opled witii 125I-protein A following the technique 
described by Kemp et ai.9. 

Recoirbi riont plasmrids were also constructed from 110 kb plasmid 
of B. thurinAiensisi 11-14 digested with XbaI and ligated to XbaI digested
pUCl2. The recombinant clone was selected and screened for delta-endo
toxin mRA-eoricned I4A. The recombinant clone was further screened by 
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the delta-endotoxin antibody. The DNA inserts of the protein products
which kiil A. aegypti larvae 
were analysed.
 

The 5 kb fragments were further subfragmented by partial Sau 3AIand ligated to Barn lIl digested pUCI2, followed by transformation usingE. coli as a recipient. The transformants were screened for productsusing antibody to the 
total crystal proteins and larvicidal activity.
 

The positive clones were used for characterization of the DNAinsert and the protein product 
in order to determine whether 
this endotoxin gene was related to the 130 kDa endotoxin gene. DNA restrictionanalysis of the insert delti-endotoxin gene was done with a series ofrestriction enzymes, i.e., Acc I, Acy I, Bel I, Bst NI, Cla I, Dde I,EcoRI, Hae 11, Hind III, Hpa I, Msp I, Pst I, Pvu II, Sau 961, XbaI, 
and Xho II. 

Attempts to introduce the delta-endotoxin gene into Bacillussubtilis were also done 
by conjugation. The 13t 
 kDa delta-endotoxin gene
was inserted into pUBil1 by joining the pUBII0 plasmid vector with therecombinant E. coli plasmid containing the 3.8 kb gene encoding 130 kDadelta-endotoxin. 
 The joining was done at Barn HI site. This recombinantplasmid was trainsferred into B. subtilis. The production of the deltaendotoxin gene was determined using bioassay against A. aegypti larvaeand observed for the crystal formation under the phase--contrast micro
scope.
 

RESULTS AND DISCUSSION
 

Isolation 
and identification 
of the delta-endotoxin 
from B. thurin
giensis H-14
 

The delta-endotoxin isolated from B. thuringiensis H-14 consisted of 3 major proteins and 3 minor ones. The molecular weights ofthe 3 major ones were 130, 65 and 25 kilodaltons (kDa) when solubilizedand analyzed by SDS-PAGE coupled with sensitive silver 
staining technique.
Solubilization 
of the delta-endotoxin 
 required 
 strong denaturalising
agents such 
as SDS plus mercaptoethanol, 
urea, guanidine hydrochloride,
strong alkaline solution, all of which resulted in loss of mosquitolarvicidai activity. The larvicidal activity of solubilized delta-endotoxin could be maintained at conditions of 50 mM EDTA, pHI1.7, for2-3 hr. 
 In such conditions 
the major protein 
band on the SDS-PAGE was
 
the 25 kDa.
 

It was found that 
 two major proteins of MW 65 and 25 kDa solubilized with 50 mM NaOH, 10 mM EDTA pH 11.7. The insoluble proteins found
were those of 
 130 kDa and some 65 kDa. Either 130 kDa 
or 25 kDa protein
alone demonstrated larvicidal activity 
to A. aegypti. However, the 65
kDa protein alone 
 did not show toxicity against A. aegypti larvae.
Recently, Wu and Changl 0 demonstrated that neither 65 kDa nor 25 kDaalone was significantly 
toxic to mosquito larvae 
but that a combination
of the two proteins showed synergistic toxicity. Thus, these purifiedproteins were used 
to 
prepare specific antibodies in rabbits Results of
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analyses by SDS-PAGE, Western blot transfer, probing with specific anti

body, and autoradiography indicated that gene (genes) coding for the 

delta-endotoxin crystal resided on plasmids of B. thuringiensis H-14. 

Cloning of delta-endotoxin gene into E. coli
 

one recombinant clone designated as pUN-I/5 was obtained from 
over 20,000 clones of transformed E. coli JM 107. These transtormants
 

were derived from B. thurinqiensis H-14 plasmids digested with EcORI and 

ligated to the EcORI-cut pUNI21. Once the inserted DNA of pUN-l.5 was 
analyzed, it was3 found that the DNA insert was 5 kb long. Analysis of 

the gene product by Western blot analysis using the available antibodies 
showed a weak protein band around 25 kDa. When the recombinant DNA of 
pUN-l.5 was used to transform E. coli P678-54 which was a minicell 

producing strain. The minicells containing pUN-l.5 were obtained and 
protein products were assayed using 3 5S-methionine. A very faint pro

tein band of approximately 25 KDa was observed. However, this trans

formant containing pUN-l.5 dtd not show toxicity towards A. aegypti 

larvae. 

Transformants derived from recombinant plasmids obtained from 

Sau 3AI fragments of B. thuringiensis H-14 5 kb fragments ligated to pUR 

290, pUR291 and pU292 and introduced into E. coil JM 107 were produced 

as fused proteins. One of thq clones which was designated as clone 

pUR-0 had anout 0,5 kb insert and produced B-galactosidase fused pro3 
tein which reacted specifically to the antibody specific for 25 kDa pro

tein. The larvicLdal activity of clone pUR-0 3 against A. aegypti
 

demonstrated transient toxicity in which the toxicity disappeared in the 

later bioassays. This result probably due to the fact that 0.5 kb is too 

small to code for 25 kDa protein.
 

Eight hundred transformants derived from recombinant plasmids 

constructed from XbaI fragments of 110 kb plasmid of B. thuringiensis 

H-14 ligated to pUC12 were obtained. After they were screened for delta
were 

and expected to contain the delta-endotoxin gene or its fragments. These 

32 clones were further screened by the delta-endotoxin antibody and 16 
clones gave positive reactions. The analysis of DNA inserts of the anti

body positive clones showed that the sizes of DNA inserts were 7.5 kb, 

endotoxin-mRNA-enriched RNA, approximately 32 positive clones found 

2.4 kb or 1.9 kb. Seven out of i6 clones were found to contain mosquito 

toxin against A. aegypti larvae. Two of them were transiently toxic 

whereas five clones showed stable toxicity. DNA restriction analysis of 

the insert delta-endotoxin genes revealed that the clones had a common 

DNA insert of 3.8 kD. A detailed restriction enzyme mapping showed
 

recognition sites by enzymes EcoRI, Pvu II, Pst I, Xbal, Hind III, Hae 

ILI, Bel 1, Xho II, Acc I, Msp I, Hpa II, Acc I, Msp I, Hpa II, Acy I, 

Sau 961, Dde I, Cla I, and BstNl. Other E. coli clones which were 

immunopositive but did not show toxicity to A. aegypti larvae had inserts
 

of either 7.5, 2.4 or 1.9 ko. Further analysis of the protein products 

of these clones oy Western blot immunoassay showed that all of the 

E. coli clones that contained mosquito toxicity to A. aegypti larvae
 

produced proteins with 13U kDa as the major component. The minor
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components apparently were degraded products ofThose clones that the 130 kDa proteins.gave 11o toxicity with
kb the inserts of 7.5, 2.4 andproduced proteins 1.9witn 90 k9Da as the major component.later It wasthat recombinant foundplasiriis obtained from XDaltoxin genes joined with Xuai 

which cut mosquito
digested plasmid vectorstably maintained pUCI2 were notin E. coli- JM 07 ater successful transforiiation. 

Plasmids from recoML)u nan1t clones pUN-l. 5 andwere deemed pUR-O 3 , whichto contaip delta-endotoxin genes, wereterized. It extracted and characwas found that clones pUN-i.5 and pUR-O 30.5 containedkb insert, respectively. 5.1 andThese two
megadalton DNA inserts hybridized(mDa) plasmid of the 72B. tnuringiensis 
to 

H-14. Thisthat these DNA result indicatedinserts were derived from a common plasmid which hadpostulated beento contain delta-enootoxin genes. 

Introduction of the delta-endotoxin 
gene into B. subtilis
 

In an attempt to introduce the delta-endotoxin , the 13t1 kDa gene into Bacillusdelta-endotoxin gene was used to constructbinant plasmid and introduced the recominto B. subtilis.
tionz.l plasmid could 

As a result, the bifuncreplicate 
the code for
B. sibtilis and E. 
endotoxin production in bothcoli. 
 Both clones 
 exhibited
A. aegypti toxicity towards
larvae. 
 The protein crystal was 
observed only
cells under the phase-contrast in E. colimicroscope asbifunctional shown in Figureplasmid 1. Thewas found to be stably maintained in B. subtilis aswell 
as in E. coli.
 

Figure1 Characteristics 
 of E. coli 
 clones that contain endotoxin

protein crystal 


o 
 hto
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A successful transfer of mosquito toxin gene from B. 
thurin
giensis H-14 E.
into coli 
in which 2 clones exhibited the larvicidal
 
activity towards A. aegypti was conducted. This result goes along very
well with results reported by other investigators1 1 -1 2 . A recombinant
 
clone, pUN-l.5, 
was found to contain a 
portion of the delta-endotoxin
 
gene from B. thuringiensis H-14. 
 This clone was derived from recombinant
 
plasmids constructed from the digestion of 72 mDa 
plasmid with restric
tion enzyme EcoRI. The size of DNA insert was found to be about 5,000
base pairs which were responsible for the production of proteins which
 
reacted to rabbit antibodies prepared of
against crystal proteiins

B. thuringiensis H-14 as demonstrated by colonies 
immunoassay. However,

the ability to produce proteins of 
this clone was very poor, and thus
 
proteins and toxicity 
of this clone were difficult to characterize.
 
Another recombinant clone pUR-O
 3 which expressed the B. thuringiensis

H-14 delta-endotoxin gene was found to harbour a 500 basepair Sau 3AIfragment of B. thuringiensis H-14 DNA and the clone could produce pro
teins detectable by a specific antibody prepared to 
25 kDa polypeptide

derived from B. thuringiensis H-14. 
 The lack of larvicidal activity of
 
clone pUR-0 3 is probably due to the ability of the 
inserted DNA of 500

basepairs that could not encode the full length of the delta-endotoxin 
polypeptide that 
was sufficient to exert toxic 
activity against the 
mos
quito larvae. This incomplete polypeptide may have lost its biological
activity via the absence of active
the residue. When the relationship

between DNA of clone pUN-l.5 and pUR-0 3 was determined, it was found 
that the clones contained homologous sequences of inserted DNA. Thus, it was believed that clone pUN-l.5 should carry the delta-endotoxin gene as 
clone pUR-O 3 d'.--

It is now believed that success in transferring mosquito-toxin 
genes from B. thuringiensis H-14 into other orgaisms can be done and it

relies on the selection of an appropriate plasmid vector that can be

expressed in the recipient cell. 
 The development of methods and gene
transfer systems will lead to the successful transfer of an individual 
gene coding for the mosquito-toxin into a host micro-organisms and theorganism can be grown in volume to yield the product. However, this
objective seems to be very difficult to obtain. This is due to the fact

that different organisms have different properties even within the same
species that consists of several strains or mutants. The most difficult
 
part of the transfer is the matter of the selection of an appropriate
plasmid vector for the construction of a recombinant plasmid. This is
based on the fact that a cloning vehicle should be as small as possible 
to reduce the possibility of including undesirable genes and prevent self
transmission by conjugation to another cell or organism. Moreover, the
 
yield and purity of cloned genes and the efficacy of ligation and trans
formation are also greater with smaller DNA molecules.
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ABSTRACT
 

Based on both socioeconomic and technological consideration, the 

project was proposed with the aim to more effectively utilize cassava and
 

its waste to produce fuel alcohol and nutritionally balanced silage. 

Attempts have been made to produce enzymes efficient in the hydrolysation 

of raw cassava and root fiber to provide sufficient fermentable suqars 

prior to, or simultaneous with, alcohol fermentation. Purification and 

characterization of the enzymes involved were also carried out. Competi

tive yeast strains were selected, so that they could be applied both for 

alcohol and silage fermentation under conditions unfavorable to contami

nants ir, the raw substrates. Fermentation kinetics was studied. A mixed 

culture fermentation was proposed for ensilaging. At present, microorga

nisms with desirable characteristics are being selected. 

INTRODUCTION
 

Cassava is one of the major cash crops for Thliland and involves
 

over 8 million farmers. Exporting of cassava product in the form of pel

lets, mainly to the European Economic Community (EEC) nations, has ranked
 

second in foreign exchange earnings. With the imposition of import res

trictions by the EEC since 1982, an excess of cassava roots has resulted
 

and the income of the farmers involved has decreased. A Cassava Action
 

Plan has, therefore, been set out by the Thai Government.
 

Included among other objectives of the plan, are the aims to increase and
 

diversify the in-country utilization of cassava.
 

Based on its comparatively low prctein content, cassava as such
 

is not competitive with other grains available for animal feed in Thai

land. Although studies on enrichment of cassava by fermentation are not 

new, more research is still needed to improve both the process and the 

product. 

In terms of diversifying industrial uses, fuel alcohol has
 

proven to have a great potential as evidenced from success in Brazil and
 

establishment of a pilot plant at Thailand Institute of Scientific and
 

Technological Research. Howeer, more research is required to reduce the
 

production cost. This project is, therefore, proposed with an aim to
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I. 
produce enzymes effective in digestion of 
raw cassava
2. develop and/or improve 
technology 
for alcohol fermentattion
 
using raw cassava
 

3. produce nutritional balanced 
cassava silage.
 

METHODOLOGY, RESULTS AND DISCUSSION
 

Selection of fungi effective in hydrolysation of 
raw cassava
 

Effective strains were 
selected according in
to the scheme shown 

Figure 1.
 

420 oultures Isolated_
 
from decomposed 
 L 20 CItirSi 

cassava ant i~o ang giucoamyla s (Collection)I I 

(Iodine test) 

Second ary screaning 
(Fqaw Starch tlgaSttlon) 

SSpore Susponsion] 
17 trains) 

Koji substrat)
(wheat bran. raw starch and water) 

r-ho-nla
ft---- =wal JGlouocat ,. ..Jlou,.. " " =1
dlgl=on
 

I Sugar.nlycla(HI-C) 

-quLantitative detcoreninntiori of fIornentable 
F -- t sy s and . onferm a tble 1)olyn.rI 

Figure1. 
 Selection of Fungi Effective 
in Hydrolysation of 
Raw Cassava.
 

Based on 
their activities 
in raw cassava digestion, (Figure
and 3) Aspergillus a. J8, 2

J4, J10, and Rhizopus !_E. N37 and 
102R were
selected. Besides being active in the 
hydrolysation 
of raw starch,
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Figure 3. 	Enzyme Activities of Potent Strains.
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strain J8 also produced the highest amount of xylanase, while J4 was 
strong in o-amylase production and JI0 was superior in cellulose 
activity. 

Enzyme Production and Enzyme Properties
 

Optimization 
of culture conditions for 
maximum enzyme production
and determination of some physicochemical properties were made, so that 
tne 
strains could be compared under optimal conditions (Table 1 and 2).
Information obtained was also required for the scaling up of enzyme pro
duction and applications.
 

T ble I Optimal Conditions for Production on Raw 
 Starch Digesting

Enzymes.
 

Strain
 
Condition Aspergillus sp. Rhizopus sp.
 

J8 
 N37 102R
 

Substrate 
 Wheat bran or 
wheat bran + 15% cassava waste
 
Initial moisture (%) 47 
- 63 47 - 50 50 - 60
 
pif 5.0 5.5 
 5.5
 
Temperature (C) 
 30 - 35 35 - 37 35 - 37 
Incubation Time (Hr) 80 72 72 

Table 2 Properties of Raw Starch Digesting Crude Enzyme.
 

Strain
Condition Aspergillus sp. Rhizopus sp.
 
J8 N37 102R
 

Optimal pli 
 3.5 - 4.0 4.5 4.5 
Optimal temperatuLe (C) 
 45 45 45
 
pH stability for 48 hrs. 
 5.5 5.0 
 5.0 - 5.5 
Temperature stability (C) 
 35 45 
 40
 

for 48 hrs.
 

Enzyme Purification
 

In order to elucidate 
roles of each enzyme contained in the
 
czude extract on raw 
starch digestion, enzyme purification and characte
rization were carried 
out. Figure 4 represents purification scheme and
 
results obtained at the present stage of work.
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Figure 4. Flow Chart of Enzyme Purification and Chromatogram.
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Yeast for Alcohol and Silage Fermentation
 

A number of cultures previously selected 
as being efficient
ethanol production from molasses in
 
were screened for 
 their activity
cassava hydrolysate following 

in
 
the scheme shown 
in Figure 5. 
 Two thermotolerant strains 
which produced 
hih alcohol concentrations 
at comparatively low pHs were 
obtained. 
One of these was a flocculating yeast.
 

Cassava Slurry(25 DS)] 

I Commercial 
, 
 doysat a-amyiaso &SSt IGluooamyle 

pH AdJusted 
to 

3.5 or 4.0 or 4.5 or 5.0 

Fermentation at 35 or 37 or 40 or 42 C 

ISampling at 6 hrs.Interval For 3 days] 

I 

Determination _ 

/
for alcohol 

and residual sugars 

Figure 5. Selection of Yeast for 
Alcohol and Silage Fermentation.
 

Silage Fermentation
 

Mixed culture fermentation following the flow chart shown in
Figure 6 is proposed to produce cassava 
silage of the following characteristics 
: 8-10% protein content, sufficient 
vitamin 
B12, the presence
of 
certain strains of 
lactic acid bacteria 
having inhibitory effects
enteropathogens. 
 Strains of mnicL.. rganisms to be 
over
 

used have been selected.
 

Chopped roots.' I Nutrients(cassava leaves/.oldchips/solid waste residuefrom alcohol formentation/chomicals
I I 

f' I°Selected iactics/fpropIonlcs
 
Nutritional balanced 

cassava silage 

F 6. Flow Chart of Silage Fermentation.
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ABSTRACT
 

Over IU plant species of reputed insecticidal properties were
 
screened 
for their toxicity on Spodoptera litura Fabr. The three most 
promising species were further investigated for 
their active ingredients.
The most active ingredient in Zingiber purpureum was proved to be 4(3/,
4" -dimethoxyphenyl) but -I, 3-diene(1), a synthetic analogue of which,
4( 3 , 4 -methylenedioxyphenyl) but -I, 3-diene(2), showed 2-3 fold
 
increase of activity. Ageratum conyzoides, a common weed, was shown to 
contain the active ingredients precocene 1 (3), and precocene 11(4)
easily uhtained by steam distillation. An Aglaia species showed a strong
antifeedinfg activity; a possible active component was found to be the 
bis-ainide(5). Preliminary use of this plant extract for protecting crops 
from S. litura in the field gave a satisfactory result. 

I NTRODUCTION 

S. litura Fabr. is 
a widespread insect pest. It is polyphagous and
 
regarded 
as one of the most damaging pests in world agriculture. Pandy

and Srivastava (1967) reported that the 
insect attacks 112 species of
 
cultivated 
crops all over the world. In Thailand, at least 30 varieties
 
of plants are found to be host plants of 
this insect1 . These include
 
vegetables, floral plants, ornamental plants, economic field crops and
 
weeds.
 

The time required for egg, larval and pupal development -. re 2-3, 14 
and 7-8 days respectively 2 . The adult longevity 
is 8-10 days in the 
[nare and 10-12 days in the female. The larva molts 5 times. It is at 
this stage that the insect is most damaging. Since the early larval 
instar is quite vulnerable to external damage, it has been chosen as the
 
target organism for this work.
 

For self-defence, it is not surprisinq that plants would contain sub
stances which 
are insect antifeedants, insect repellents and insecti
cides. Some naturally occurring antifeedants which have been documented 
are: glycosides 
 of steroidal alkaloids, demissine3, solacauline4,
tomatine , leptines I and 116, ring A enone and/or ring D aromatic 
steroids, the nicandrenones and others 7 , 8 , 9 ,1 0 ; juglone (5-hydroxynap
thoquinone) 1 I; the isoquinoline alkaloid isoboldinel1 , phenylpro
panoids 1 2 , gerrnacranes sesquiterpenes shiromodiol and shiromol1 3,14 ;
ent-clerodane and clerodane 5diterpenes, clerodendrinl ; caryoptin and
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16
 ot he rs ; the hydroxylated 
 steroid meliantriol1 7 ; azadirachtinl8 ;

xylomolinl 9 21
; ajugarins 2 0 ; harrisonin
 ; polygodial ugandensidial

and warburgana122; inflexin ; 2 4
2 3
 and isodomedin ; crotepoxide 24
 

and unedoside 2 5 . However, there is no report of 
any of these substances
 
being used effectively in agriculture.
 

A numoer of naturally occurring 
compounds have been 
found to exhibit
 
insecticidal activity. These 
includE alkaloids, terpenoids, phenolics,

amlines, chromenes, phenylated guinones anid 
sesquiterpenes esterified with
2 6
 phenolic ,acids . Commercially, the substances which have found 
their
 
way to agricultural applications are nicotine, deLris, pyrethrum and the 
newer product, ryania 2 7 . Crude extracts of a plant which produces
these substances, as well as dried and powdered plant tissue have a long
history of use in SE Asia as insecticides. However, none of these natu
ral products is a universal insecticide : Tabacco leaf containing nico
tine is subje±ct to attack by 'eral insects the root of derriscontaining
plant is ttacked by the larvae of a species of beetle, the flower from
which pyrrethrins are extracted need:; synthetic insecticides for protec
tion from insects in the fields. In addition, insects can develop resis
tance to a certain cheinica',s after a long period of exposure. New and 
better insecticides will, therefore, have to be constantly sought. 

The work was 'indertaken in order to 
 isolate and identify insecti
cides/antifeedants for S. litura from plants growing in Thailand and to
 
extract/synthesize those compounds on large scale for 
evaluation of their 
applicabilities in the field. 

MATERIALS AND METHODS
 

Plants investigated were collected in the southern region of Thai-
Land. Samples were classified taxonomically and vouchers 
were deposited

in the herbarium in the Department of Biology, Prince of Songkla Univer
s i ty. 

Ground plant materials were 
steam distilled or exhaustively extracted
 
with solvents. The extracts/steam distillates 
were screened for insecti
cidal and antifeedant activity 
with S. litura and any active 
extracts
 
resolved into fractions. Each fraction 
was screened for activity and the
 
active fraction, 
again, separated into individual constituents using
 
qluick column and preparation layer chromatography on silica gel.
 

Each of the individual components 
was tested again for activity and
the LC5 0 value of the active compound determined. The structure of the 
compound was elucidated using spectroscopic techniques. 

The leaf dipping (LD) method was used for the detection of stomach

poisoning and antifeeding activity. The third instars of Spodoptera
litura larvae were left to feed on the leaves of Vigna radiata which hadbeen immersed in the tested solution then air-dried. Ten larvae were 
used in each of the four replications (one as control). The number of
dead organisms was recorded at the end of each day. The amount of leaf 
consumption and the larvae size were also estimated. 
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The topical application 
(TA) method was used for the 
detection
dermal toxicity. ofThe tested solution was dropped on the thorax of theirinstar larvae. The organisms were then left to 
feed on untreated leaves
of Vigna radiata in 
a plastic container. Ten larvae were used in each of
the four replications (one as control). The number of dead organisms was
recorded at the end of 
each day.
 

The LD coupled with TA method (TD) was used for detection of the combined effect 
of stomach poisoning 
and dermal toxicity, The tested solution was dropped on the thorax of third instar larvae. The organismswere then 
left to feed the
on leaves of Vigna radiata which had been
immersed in the same tested solution then air-dried. Ten larvae wereusod in eacn of the four replications (one as control). The number ofdead organisms was rccorded at the end of each day. 

To prevent the loss 
of organisms from their carnivorous behavior,
one larva was placed in 
each plastic container with a small leaf of Vigna
radiata. 
 Thirty treated 
larvae and ten contro' larvae were used 
for each
test. The number of dead larvae and the size of the larvae alive were
estimated at the end of each day.
 

For more 
 accurate and ceproducible results, one larva was left tofeed on a soybean artificial 
diet instead of Vina.
radiata leave.
stances/fractions from plants were dissolved in ethanol 
Sub

and mixed withthe artificial 
diets by vigorous stirring. The solvents 
were then evaporated under reduced pressure with a high vacuum pump. As a control, the
artificial 
diet was mixed 
with ethanol without substances/fractions and
 
treated in a similar manner. 

RESULTS AND DISCUSSIONS
 

Using the basic references for plants which are reported to be toxicto lower forms of living organisms and 2 6 2 7
insects , , I00 
plants were
selected for testing. Ten plants 
were selected, on 
the basis of their
availability and activity, for further investigation. Among them, three
of most interesting 
plants were Zingiber purpureum, 
Ageratum conyzoides
 
and an Aglaia species.
 

The active components of Zingiber purpureum appeared to be in the.-team distillate which 
was found to contain a mixture 
of phenyl-butanoids
in agreement with previous reports 28 ,2 9
 . The 
most active component
appeared 
to be 4(3/ , 4/-dimethoxyphenyl) but -I, 3-diene(l). The compou.d was then synthesized and tested (TD). was foundLC 5 0 to be 0.70%
(48 hr), 0.33% (72 hr), 0.12% (96 hr).
 

Previous work 
showed 
that compounds containing a methylenedioxyphenyl
group 
can act as synergist 3 0 
 for pyrethrins. 
 The compound 4-(3 / ,4 -methylenedioxyphenyl)but-l-3-diene(
 
2 ) was then synthesized
for activity, both alone and and testedwith selected compounds (1). While no
synergism was observed, the 
activity of the compounds (2) found to
was
0.50% (24 hr), 0.21% (48 hr), 0.07% (72 hr), 

be
 
0.04% (96 hr); and 
the


LD5 0 value was 3.04 .Ag/insect (24 hr) 
in the TA test.
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MOO 0C 

(1) (2)
 

Another steam distillate which showed consistant activity was that of 
Ageratum conyzoides. Preliminary results showed that it contained preco
cene I (3) and precocene II (4) which were the antijuvenile hormone com
pounds of considerable interest 31 . The LC50 of the crude steam dis
tillate was found to be 0.83% (48 hr), 0.36% (72 hr), 0.29% (96 hr).
 

me 

Me 0 me a 

(3) (4)
 

The most outstanding results obtained to date have been from the genus 
Aglaia. Six species of plants in the genus have been studied. In parti
cular, one species showed a strong antifeeding activity. Among several 
compounds from the active fraction, the bisamide (5) has been isolated.
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Ph 

The compound is presently being evaluated for its specific activity. 
However, preliminary field test of the crude extract of this Aglaia gave a 
satisfactory result. Further attempts are being made to improve the for
mulation and the spraying techniques, and to evaluate the costeffective
ness in the field.
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ABSTRACT
 

An attempt to isolate and purify specific antigens or haptens from
 
Mycobacterium tuberculosis has been carried out in our laboratory. A
 

glycolipid substance was isolated from M. tuberculosis H37RV (TMC 102) by
 

chloroforminethanol (2:1) extraction. After passing through a silicic
 
acid/celite column, the glycolipid was eluted with 2% methanol in chloro

form in any one or two fractions of 2 5 -35 fractions consisting of 10 
ml/fraction. This glycolipid was evaluated for specificity by ELISA test 

using 19 different anti:3era to mycobacteria. This glycolipid reacted 
only with aritiserum to M. tuberculosis while the other 18 antisera to 

different species of mycobacteria were negative. When the glycolipid was 

analyse" by thin layer chromatography using diisobutylketone: acetic 

acid: watec (85:50.7) as the developing agent, it gave a red spot with 
orcinoi. in sulphuric acid with a Rf value of 0.63 similar, but not iden

tical to, phenolic glycolipid I (PGL-I) of M. 1erae. When it was 

studied by infrared spectrophotometry, it was fouind to contain an aro

matic nucleus and a prominent hydroxyl group. 

INTRODUCTION
 

Tuberculosis is one of the oldest and mosc widespread of the life

threatening infectious diseases still affecting humans throughout the
 
world. The diagnosis of tuberculosis is important both to the individul
 

patient and to the community. There is no simple diagnostic test for
 

tuberculosis. Clinical and radiological signs and bacterial staining by
 

smear are notoriously non-specific; and culture techniques, although
 

providing a definitive diagnosis, are expensive and time-consuming, and
 

more seriously, they vary considerably in their reliability from labora
tory Lo laboratory. There is no doubt that tuberculosis is often mis

dIiagnosed; many cases are not recognized until a postmortem examination
 

is performed, and cases of renal, meningitis, bone and intestinal tuber

culosis are often only diagnosed late in the course of the disease.
 

(1,2,3)
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Extensive 
studies 
have established beyond doubt 
that M. tuberculosis
induces humoral immune response in the infected host. There is also
doubt that some antibodies, capable of binding 
no 

to antigens in this organism, are present in both 
patienhs with 
other diseases and 
in healthy
individuals. 
 Until the present time, no investigator has developed acompletely reliable test 
 for serodiagnosis of tuberculosis.
researchers Manyhave shown that there is a high degree of shared antigensbetween the 
various mycobacterial species and that some of the 
antigens
are also shared with other 
bacterial genera 
(4).
 

A serologic 
test that would indicate active 
tuberculosis with 
reasonable precision would be of great value in numerous conditions in whichtuberculosis 
is part of a differential diagnosis, and 
in the diagnosis of
diseases of internal organs that are difficult to assess, such as thoseof the spine or the gut. A serologic test would also save the timerequired for culture of specimens containing too few tubercle bacilliyield a posiitive direct smear 
to 

examination. 
 The development of 
an effective serologic test 
 to detect an antibody in preclinical 
or clinical
Luberculosis would also greatly aid the effectiveiess of tuberculosiscontrol proyrams. Such an assay could both facilitate early diagnosisof the disease and could decrease incidence of the disease by earlydetection in multibaciltary individuals. 

Several laboratories 
have developed immunoassays 
 for diagnosis
tuberculosis. of
These assays include: fluorescent antibody test 
 (5),
double diffusion gel precipitation test (6), enzyme-linked immunosorbent
assd. ELISA) (7), hemagglutination 
 test (8), and solid phase radioiifulinoassay (9). Howver, the antigens used in each method are differentand none are specific antigens 
of M. tuberculosis. 
 For detection of a
specific antibody against 
_M. tuberculosis, a specific antigen from
M. tuberculosis 
or a specific antibod], 
to this bacilli is necessarily
required. Species 
specific glycolipids 
have been isolated from 
M. leprae
(10) an(- various other species of iycobacteria (II); however, species
specific anti'gens or haptens still 
 have not been isolated form M. tuberculosis, rior have specific monoclonal antibodies to M. beentuberculosisproduced to date (12). We have successfully isolited a species specific

antigen of M. tuberculosis.
 

MATERIALS AND METHODS
 

Preparation of Mycobacterium Culture.
 

M. tuberculosis H37Rv (TMC 102) and 
 15 atypical mycobacteria
namely, M. f'rtuitum (ATCC 6841), M. smegmatis (TMC 1546), M. avium724), M. 9ordonae (TMC (NIH1324), M. marinum (TMC 1218), M. kansasii (TMC1204), M. vaccae 
(TMC 1526), M. intracellulare (TMC 1403), 
M. bovis (BCG,
TMC 1030),M. cj.!ast r i (ATCC 15754), M. nonchromogenicum (ATCC 15930),
M. terrae, M. chelonei, M. triviale and M. scrofulaceum were cultured forantigen preparation. 
 Each species of bacilli was 
cultivated at 370 Cfor 2-6 weeks in Sauton's liquid media, autoclaved and centrifuged
8,000 G 30 min., washed twice 
at
 

with NSS and resuspended 
in NSS containing
 

86
 



60 ing bacilli/mi. The cell suspension was sonicated 4 times for 5 min. 
each by a Braun Sonic 1.510 Sonicator with an effect of 100 W. One por
tion of sonicated material was mixed with an equal volume of incomplete 
Freund adjuvant (Difco Laboratories, Detroit, Michigan, U.S.A.) for immu
nization of rabbits. The other portion was centrifuged at 8,000 G 30 
rain., and tile sdaw inatant was collected and stored at -20 0 C for use as 
crude ant-igen in ELISA test. 

Production of Antisera.
 

New Zealand white rabbits were given intramuscular injections of
 

0.5 ml of each antigen emulsion in the hind leg. The animals were fur

ther immunized intcacutaneously with 0.1 ml of each antigen emulsion in 

the neck region every 14 days. Bleeding was done every 7 days, the sera 

separated and assayed for antibodies by ELISA test using corresponding 

crude antigen. Blood was taken from rabbits that gave an appropriate 

titer of antibodies, the serum separated and stored at -20°C. Rabbit 

antisera to M. bovis tBaciilus Calmette-Guerin, BCG), M. duvalli and 

M. paratuberculosis (bovine) were purchased from Dakopatts (42,
 

Produktionsvej, P.O. Box 1359, DK-2600 Glostrup Denmark).
 

Extraction and Purification of Glycolipid from M. tuberculosis.
 

One grain of dried M. tuberculosis H37Rv (TMC 102) was extracted
 
with 40 ml chlocoform-methanol (2:1) mixture by stirring at 50 0 C for 18 
hours. After centrifugation at 300 G for 15 min., the residue was re

extracted with a half volume of chloroform-methanol (2:1) at 50 0 C for 
I1,hours. Pooled supernatants were washed with water, then evaporated to
 

dryness and redissolved with chloroform. The crude lipid in chloroform
 
was further purified by pouring through a column 3.5 x 6 cm containing a 

silicic acid/celite (2:1) mixture which was successively irrigated, first
 

with 10 bed volumes of chloroform, and then eluted with 2% methanol in
 

chloroform approximately 40 Bed volumes. Ten millilitres of eluate were
 

collected for each fraction. The chloroform-methanol mixture cf each
 

fraction was evaporated by nitrogen gas and each fraction tested for
 

specific glycolipid of M. tuberculosis by ELISA using various different
 

rabbit antisera to mycobacteria.
 

Thin Layer Chromatography and Biochemical Procedure.
 

Thin layer chromatography
 

Pre-coated silica gel G 60 thin-layer plates (20 x 20 cm,
 

0.2 mm thick, E.Merck, Darmstadt) were activated at 110 0C for 30 min. 

before use. 15 ul samples were applied as small discrete spots on the
 

plate at a distance of 1 cm from the bottom end of the plate.
 

Diisobutylketone: acetic acid:water (80:50:7) were used as the developing 

solvent. The developed chromatograms were dried at room temperature for
 

at least 30 min. and then lightly sprayed with 0 ,% (w/v) orcinol in 40% 

H2SO4. They were heated at 110 0C for 30 min. in a hot air oven
 

resulting in the characteristic red spot color.
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Infrared absorption spectra analysis
 

Samples were injected into 
a Unicam SPI000 Infrared spectrophotometer at 
a concentration 
of 0.02 mg/ml of chloroform using air as
 
the blank.
 

ELISA TEST FOR SPECIFICITY OF GLYCOLIPID ANTIGEN.
 

100 microlitres 
 of CHCI 3 :CH 30H (2:1) were added to each
desired sample. 
 The samples were 
mixed and dilured 
in 2 ml absolute
ethanol. 
 50 microlitres of diluted samples 
were applied to a flat-bottomed 
well of 96-weli microtiter plate 
(Dynatech Laboratories, Inc.,
Alexandria, 
Va.). The plates were dried 
at 700C for 30 min, followed
oy 10 min wetting with phosphate buffered 
saline pH 
7.4. Each rabbit
antimycobacterial 
antiserum was 
diluted 
to 1:100 in PBS containing 1%
bovine 3erum albumin fraction V (Gibco, Laboratories, Grand Island, NY.),
0.1% "ween 20 (Sigma Chemical Company, St. Louis, MO.) and 0.02% 
NaN 3.
50 microlitres 
of each diluted antiserum 
were added to each 
well.
Plates were incubated for 30 min 
in a humid chamber at room temperature.
Antisera were aspirated and the plates were washed 
five times with PBS.
Goat anti-rabbit ]h uiiuf,:l(obulins (IgG+IgM+IgA) conjugated with peroxidase 
(Cappel Laboratories, Cochranville, PA.) 
were diluted to 1:5000 in
EBS containing 0.L% Tween 
20. 50 microlitres of the diluted conjugate
were added. 
 After 30 min incubation, 
the unbound conjugate was discarded
and the plates were washed five times with PBS. 50 microlitres of substrate mixture (40 ing of orthophenylenediamine in 100 ml of citrate phosphate buffer) were distributed into wells and the plates were incubatedin the aark for 30 min. The reaction was terminated by the addition of50 microlitres 
of 2.5 N H2SO1 did the optical density was read 
at 492
nim 
by Titertek Multiskan spectLophotometer (Flow Laboratories, California,
 
U.S.A.).
 

RESULTS
 

Isolation of 
M. tuberculosis 
specific glycolipid and evidence of
 
specificity by ELISA test.
 

Crude 
 lipids from chloroform-methanol 
 (2:1) extraction of
M. tuberculosis H37Rv (TMC 102) 
 were fractionated by passing through
silicic acid/celite mixture 
in a column. The eluates of 
2% methanol in
chloroform were collected in 10 ml/tube, and 
the chromatograms shown
figure 1. Each fraction of Pluate was tested 
in
 

by ELISA using 19 d':rerent
rabbit antisera to mycobacteria. 
 The results of ELISA test for
fraction are shown in table 1. 
each
 

Mo : of the glycolipids came 
out from the
 
column very quickly.
 

Some biochemical properties of the specific glycolipid.
 

The specific glycolipid fraction 
from silicic acid/celite column
was studied 
by thin layer chromatography 
using Diisobutylketone: 
acetic
acid: water 80:50:7) as a developing solvent. 
 rhe eluate was sprayed
with 0.1% orcinol in 40% sulphuric acid, heated, 
and a red spot appeared

with a Rf value of 0.63 as 
shown in Figure 2.
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A study of this specific glycolipid by infrared spectro

photometry is shown in the IR spectrum compared to phenolic glycolipid I
 

of M. leprae (Figure 3). This specific glycolipid should contain an 

aromatic nucleus and a hydroxyl group identified by the characteristic 
-absorption bands at 1,510 and 3,000 - 3,500cm 1 respectively.
 

DISCUSSION
 

A sensitive and specific serological test for serodiagnosis of tuber

culosis has long been sought by many investigators (13). However, until 

now no oie has succeeded in developing such a serologic test. One of the 

major problems has been the presence of large numbers of shared antigens 
between the various mycobaterial species and some of these antigens are
 

even shared with other bacteria. Therefore, when any serological test was
 

developed using crude mycobacterium antigen, these antigens cross-reacted
 

with other mycobacterium species. Such tests can never be specific for
 

serodiagnosis of tuberculosis. A specific antigen or hapten of M. tuber

culosis is, therefore, very essential for developing a specific serologic
 

test for tuberculosis.
 

Many investigators have attempted to separate specific antigenic com

ponents from cells of M. tuberculosis (13). The separating techniques
 

ranged from simple precipitation with different solvents to more sophis

ticated techniques, including gel filtration, ion-exchange chrgmatogra
phy, and preparative electrophoresis. However, all of the results were
 

disappointing (14). Some studies even suggested that fractionation of 
soluble antigens from M. tuberculosis may not prove to be the way to 

develop a inore specific test for tuberculosis (15).
 

In our study, we tried to separate specific antigens or haptens from 
M. tuberculosis strain H37Rv using many different biochemical tech

niques. We have successfully extracted M. tuberculosis cells with
 

chloroform-methanol (2:1) at 500 C for 18 hours, dried and redissolv.d
 

the extracted materia.:- in chloroform, and then passed them thrcuy'1 a
 
column of silicic aci-!celite mixture (2:1). The column was eluted with
 

chloroform fifst, the- 2% methanol in chloroform. We have tested every
 
fraction of the eluate without pooling it. One glycolipid showing speci
ficity was obtained. At least 8 such separating procedures were per
formed and all confirm this result in our laboratory. When this glyco

lipid was tested with rabbit anti-M. tuberculosis and rabbit antiatypical
 
mycobacteria species for 18 antisera, we found that this glycolipid is
 
rather specific. It reacted only with rabbit anti-M. tuberculosis, but
 
did not react with the other 18 atypical mycobacterial antisera. When
 

this glycolipid was studied by thin layer chromatography along with PGL-I
 
of M. leprae, it gave a red spot color with orcinol in sulphuric acid
 
with a Rf value of 0.63 which is rather similar, but not identical, to
 

PGL-I. When it was analysed by infrared spectrophotometry, the absorp
tion spectrum was similar to PGL-I of M. leprae. The sugar constituents
 
of this specific glycolipid will be further analysed by gas-liquid chro

matography and nuclear magnetic resonance spectroscopy.
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fRACTION AVI BCG BOY CHE DUV FOR GAS GOR INT KAN MAR NON P1B SHE SCR TUB TER IRI VAC
 
1 1.385 0.008 0.000 0.000 1.193 0.000 0.176 0.102 0.000 0.120 0.129 0.060 0.418 0.069 1.433 0.120 0.230 0.033 0.161
 

2 0.000 0.000 0.000 0.000 0.192 0.000 0.000 0.000 0.000 0.041 0.000 0.000 0.067 0.055 0.194 0.602 0.689 0.096 0.113
 
3 0.503 0.003 0.035 0.114 0.334 0.205 0.136 0.540 0.269 0.341 0.278 3.156 0.017 0.529 0.265 0.447 0.396 0.381 0.413
 
1 0.095 0.006 0.159 0.190 0.971 0.391 0.260 0.90 0.023 0.420 0.423 0.113 0.561 0.806 0.786 0.716 0.560 0.584 0.527
 

0.000 0.000 0.000 0.000 0.16) 0.000 0.000 0.325 0.000 0.001 0.013 0.000 0.16] 0.119 0.044 0.319 0.285 0.093 0.131
 

0.000 0.000 0.000 0.000 0.170 0.000 0.000 0.000 0.000 0.001 0.000 0.001) 0.000 0.1)00 0.000 0.046 0.000 0.000 0.011
 
7 0.136 0.003 0.000 0.000 0.673 0.000 0.038 0.021 0.000 0.051 0.001 0.031 0.462 0.037 0.065 0.302 0.314 0.046 0.080
 
3 0.416 0.001 0.000 0.000 1.203 0.000 0.102 0.205 0.000 0.05/ 0.049 0.03P 0.068 0.039 0.014 0.027 0.041 0.000 0.025
 

0.000 0.000 0.000 0.000 0.205 0.000 0.041 0.000 0.000 0.049 0.000 0.018 0.447 0.000 0.024 0.043 0.010 0.000 0.001
 

10 0.000 0.000 0.000 0.000 0.263 0.000 0.082 0.000 0.000 0.031 0.000 0.054 0.017 0.044 0.060 0.046 0.016 0.l 0.013 
!1 0.000 0.000 0.000 0.000 0.239 0.000 0.068 0.014 0.000 0.065 0.001) 0.015 0.020 0.031 0.069 0.058 0.335 0.007 0.080 

9.330 0.005 0.000 0.000 1.958 0.004 0 090 0.401 0.000 0.062 0.189 O.U9'n.052 0.216 0.368 0.726 0.372 0.030 0.048
 
0.529 0.008 0.000 0.000 1.529 0.013 0.117 0.556 0.02! 0.090 0.638 0.078 0.136 0.131 0.243 0.400 0.220 0.051 0.077
 

.4 0.000 0.000 0.000 0.000 0.093 0.000 0.072 0.008 0.000 0.079 0.000 .037 0.000 0.035 0.060 0.049 0.019 0.000 0.011
 

!5 2.000 0.018 0.018 0.018 2.000 0.180 0.2'M 1.546 0.272 0.825 0.823 3.113 0.37? 0.097 0.410 0.184 1.090 0.314 0.154
 
16 0.000 0.000 0.000 0.000 0.318 0.027 0.143 0.059 0.007 0.129 0.000 0.06,0.O0 0.083 0.143 0.063 0.037 0.018 0.031
 
12 0.031 0.000 0.000 0.000 0.219 0.000 0.134 0.021 0.000 0.145 0.000 0.017 0.195 0.065 0.163 0.103 0.!70 0.023 0.041
 
1 0.053 0.001 0.000 0.000 0.533 0.000 0.123 0.031 0.000 0.130 0.000 0.062 0.089 0.040 0.127 0.135 0.172 0.035 0.022
 

0.000 0.000 0.000 0.000 0.158 0.000 0.124 0.008 0.001) 0.130 0.000 0 096 I.066 0M047 0.099 0.114 0.069 0.006 0.010
 
.3 0.045 0.002 0.000 0.000 0.670 0.000 0.120 0.047 0.000 0.093 0.000 0.067 0.093 0.047 0.069 0.061 0.121 0.000 0.020
 
A 0.000 0.001 0.000 0.064 0.345 0.000 0.122 0.000 0.000 0.116 0.01,0 1).
09] 0.046 0.046 0.071 0.084 0.0'1 0.007 0.010
 
K 0.096 0.002 0.000 0.000 0.943 0.003 0.111 0.062 0.047 0.107 0.000 0.06, 0.154 0.045 0.124 0.18J 0.3'"6 0.04P 0.071
 
"$ 0.122 0.001 0.000 0.004 0.961 0.116 0.146 0.148 0.034 0.136 0.070 0.125 0.277 0.105 0.203 0.494 0.491 0.107 0.125
 

2 0.225 0.014 0.009 0.023 1.844 0.136 0.180 0.198 0.035 0.151 0.054 0.107 0.130 0.096 0.125 1.028 0.232 0.060 0.128
 

,.3 0.699 0.006 0.000 0.067 .040 0.127 0.147 0.135 0.023 0.129 0.058 0.0/4 0.108 0.139 0.227 1.822 0.259 0.040 0.143
 
.6 0.524 0.011 0.000 0.178 1.549 0.237 0.156 0.452 0.037 0.128 0.253 0.038 0.348 0.332 0.831 1.949 0.694 0.112 0.253
 

2/ 0.094 0.002 0.000 0.400 0.407 0.253 0.098 0.105 0.005 0.092 0.054 0.086 0.131 0.106 0.283 1.655 0.186 0.015 0.054
 
20 0.008 0.003 0.000 0.384 0.559 0.180 0.082 0.152 0.010 0.080 0.014 0,0 7 0.054 0.043 0.150 1.531 0.125 0..100 0.035
 

0.114 0.002 0.000 0.287 0.895 0.099 0.080 0.198 0.000 0.083 0.038 0.070 0.244 0.064 0.179 1.466 0.290 0.021 0.081
 
.5 0.000 0.000 0.000 P 317 0.082 0.010 0.062 0.000 0.000 0.060 0.000 0.05; 0.250 0.011 0.087 1.491 0.110 :1000 0.000
 

'1 0.709 0.002 0.000 !;11.634 0.037 0.100 0.149 0.000 0.095 0.10o 0.062 0.487 0.069 0.240 1.856 0.582 0.044 0.10L
 
312 0.006 0.000 0.000 U.4 - 0.024 0.011 0.017 0.000 0.000 0.085 0.000 0.069 0 176 0.020 0.076 1.513 0.03801.000 0.000
 
33 0.174 0.002 0.000 0.220 0.461 0.023 0.075 0.003 0.000 0.139 0.00! O.U76 0.333 0.037 0.093 1.508 0.160 0.003 0.000
 

1.783 0.016 0.000 0.778 2.000 0.071 0.105 0.273 0.000 0.098 0.131 0.070 2.000 0.192 0.383 1.871 1.264 0.056 0.210
1-

0.315 0,603 0.000 0.111 0.131 0.000 0.093 0.000 0.000 0.081 0.000 0.056 0.571 0.020 0.071 1.334 0.076 0.000 0.007
 
0.886 0.008 0.000 0.131 1.01/ 0.000 0.060 0.045 0.000 0.069 0.048 0.053 1.150 0.052 0.120 1.589 0.700 0.011 0.114
 

3/: 0.956 0.008 0.000 0.100 0.122 0.016 0.057 0.000 0.000 0.066 0.026 0.043 1.255 0.035 0.072 1.393 0.073 0.000 0.000
 
1.442 0.009 0.950 0.073 0.357 0.038 0.101 0.056 0.000 0.067 0.073 0.068 1.686 0.041 0.107 1.488 0.330 0.000 0.091
 

A 1.625 0.010 0.000 0.099 0.047 0.096 0.123 0.000 0.000 0.J17 0,111 0.087 1.688 0.082 0.121 1.536 0.110 0.027 0.0!4
 
.4 2.000 0.011 0.000 0.179 0.12) 0.115 0.120 0.012 0.000 0.111 0.124 0.07/ 1.778 0.102 0.167 1.545 C.106 0.011 0.029
 

2.000 0.020 0.000 0.144 1.816 0.110 0.126 0.069 0.000 0.125 0.110 0.083 2.000 0.142 0.264 1814 0.603 0.M55 0.123 
2,000 0.013 0.000 0.127 0.513 0.093 0.145 0.011 0.000 0.117 0.1,5 0.082 1.872 0.122 0.16? 1.746 0.177 0.034 0.008 

'.00 0.014 0.000 0.687 0.921 0.115 0.153 0.051 0.000 0.120 0.119 0.082 2.000 0.133 0.196 1.770 0.341 0.030 0.063 

2.000 0.010 0.000 0.110 1.054 0.129 0.187 0.291 0.000 0.115 0.261 0.065 2.000 0.240 0.621 1.919 1.608 0.203 0.034 

5 0.000 0.000 0.000 0.000 0.018 0.000 0.119 0.000 0.000 0.090 0.000 0.046 0.000 0.031 0.073 0.077 0.018 0.012 0.020
 

ible 1. Tfest for Specificity of Eluates from SilIcic acid/Celite Column by EI,ISA 

Usinq Rabbit Ant-isera tz Various ycobacter i. 

SC = Serum Control.
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Figure1. Chromatogram of crude lipid from M. tuberculosis
 
passing through silicic acid/celite column, the

specific lipid coming out ini 
 fractions around the
 
arrow.
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I 2 a 

Figure 2 Thin layer chromatogram of crude lipid (1),
 
specific lipid from M. tuberculosis (2) and
 
PGL-I of M. ieprae (3).
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Figure 3 
Infrared spectrum of specific lipid from M. tuberculosis
 
compared with PGL-I of M. leprae.
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ABSTRACT
 

Performinq suction induced skin blisters at different periods o'. time 
and staining cells with mo~ioclonal antibodies using the immunoperoxidi-;r( 
method, the numbers and ritio of T lymphocyte subsets in the le.3ion:3 fL 
two clinical subgroups of the ENL reactional state of leprosy (13 a1:.3> 
ENL and 17 chronic, recurrent FNL) were determined and compared 
those found in stable, non-reacicnal patients (9 borderline lepromatou", 
and 11 lepromatous). In acate and chronic, recur rent ENL, the percc.m
tages of the helper (inducer) phenotype were significantly higher tJiL 
those found in non-reactional lepromatous lesions, but only chroni:, 
recurrent ENL showed significantly larger helper/suppressor ratio. T'f
increase in helper activity with or without the reversal of the helIp-.. 
suppressor ratio in two clinical subgroups of ENL as compared to the :non1
reactional lepromatous disease suggests some role for cell-mediated iflfli
nity in the pathogenesis of ENL. The non-invasive blister technique i,} 

be used for monitoring immune status and improving treatment.
 

INTRODUCTION
 

Leprosy is a granulomatous disease caused by infection with Myco
bacterium leprae. An immunologic spectrum exists in the disease, with 
lepromatous leprosy patients having defective cell-mediated imnmune res
ponses to M. leprae as compared to patients with the tuberculoid type.
 
(1, 2)
 

Erythema Nodosum Leprosum (ENL) reactions are found towards the 
lepromatous end of the spectrum of leprosy, usually when the patients are 
on anti-leprosy drugs (3). It is characterized by the presence of 
tender, painful, erythematous, subcutaneous crops of nodules together 
with malaise, fever, and arthralgia, and histologically the lesions show 
perivascular infiltration of polymorphonuclear (PMN) cells along with 
histiocytes which contain fragmented bacteria (4). 
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Characterization and semi-qlantitacion of mcnonuclear subpopulations
in frozen sections of skin biopsies in Iepros',, have been performed exten
sively ill the most recent years However, studies cannot be(5- H). these 

performed repeatedly and consecuti 
 vely many times, thus limiting t he
studies in the cellular dynaniic:s of th inflammatory cells in the skinlesion of leprosy. Ir add it ion to p' rf, rining skin biopsies, we .:'e Qow
introduc".ng a new method to ov - 2c'me this ,)bstacle by using induced suc
tion blisters on the skini wic!! provides an opportunity to study tile
disease in a consecutive timec :'egmence Without any pain and without 
leaving scars3. 

Per formi ng this; new 11.;t - t-0(7hf('lug e in lep ros'y may yield new infor
mation concerning the p(th 'Jns i. ol the obiserved differences in cell
mediated i imicl ne e spo 1:;o s t it ox i ;t in i Iep rosy. The ref cr , we studied 
tne dist ibut i on and rL' io ' '- hoI a rid supp e:;so r cells in KNI, comnpa red to no n- react i lig Ief omatou:; [at i ents in consecutive interva Is
directly inl the 1f rosy le.;ions by 55 iing monoclonal antibodies with the 
ldMmunoperoXidase t-rmn ii-jle. 

MATERIALS AND METHODS
 

Patients
 

A total of 5I leprosy patients whiose age group was 17-71 yearswere stuldied. The patients were selected from the McKean-Rehabi'.itation 
Institute, 1hiangThailaInd.Mai, The patients were classified according
to the Ridley's crit,_r ia (lz). Tw-nty patients who did not have any re
action at the time of exami nati,ni wore classified as Lepromatous (LL) or
Borderline Ie.r,m ltol.s (B1,) leprosy patients. Fiftiten patients of this 
group we-re fresh cases and nL,] no previous history of antileprosy treat
ment, and 3 patients were treated 
 with anti-leprosy for less than one
 
year. 30 l,-romatous patients 
 with ENL reactions were studied. All cf
these 
patiens were followed uD subsequential.ly 2 to 8 times right ftom. 
the lepr ,iri tous state to the por7t ENi, state. 

Suction blisters
 

Fror skin blister preparations, the dermis is exposed by unroof
ing blisters induced 
 over 1-2 hours controlled suction, causing separa
tion of the epidermis from the dermis at the basement membrane (13).
Suction is applied via a small plastic template wich 4 openings, each 8 mm. in diameter, res Iting in 4 small, symmetrical blisters after 200-300 
mmHg continuous 
vacuum suction. Approximately 0.1 cc. fluid can be aspi
rated from each blister, and cells are collected oi a 13 mm. Millipore
filter using conventional uytopreparatory techniques. 

Monoclonal antibodies
 

Primary mouse monoclonal antibodies were used at concentrations 
predetermined by checkerboard 
titrations. Each specimen 
was stained with
 
a panel of monoclonal antibodies 
against T lymphocyte subpopulations
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marker 5eu 4 at 1:50 (Becton Dickinson,including the pan T cell 
at 1:5, the


Rutherford, NJ), the helper/inducer T cell marker Leu 3a 


marker OKT-8 at 1:10. Antibody controls
suppressor/cytotoxic T cell 

of the primary antibody or the use of an anticonsisted of the omission 
with the same protein concei'tration.body of irrelevant specificity 

Iminunoperoxidase staining
 

-For all antibodies, a modified avidin-biotin-immunoperoxii:., 
(14). Cells collected on tile filters were placs'i ;

technique wa.i used 
for 10 min at room temperature and allowed t,) aW:fresh [or'ol-acetone 

dry. Filters were subsequentially incubated for 30 min with prii.tuY 

mouse monocluioal antbodies, biotinylated horse anti-.mouse antibodi,: ( 

Alg/ml) (Vector, Burlingame, CL-), a nd avid in-biotin-pero)idase cor:> 
PBS were perto, 0

(Vectastain kit, Vector). Five-minute washes with 

between all incubations. 

incubating ipsiA red-colored reaction product was obtained by 

mens with aminoethyl carbazole in the presence of hydrogen peroxide f,
couflt,:i(0 min. ilters were then washed in tap water for 10 min., 

stained with Meyer's hemritoxylin for I min., washed again, and th;-: 

mounted wigh glycerol jelly. 

Enumeration of lymphocytes
 

Te total number of mononuclear cells counwere ted fii.-per one 

ter. 
the 

The 
number 

percentage of 
of positive 

each 
cells 

T-cell p'enotype was then 
per filter and the total 

calculated 
number of 

From 
mono-

nuclear cells. 

RESULTS 

Clinical groups
 

Group I 

Lepromatous leprosy patients without reaction (BL and LL).
 

who did not have any reaction at the time of examination
Twenty patients 

twenty
Eleven and nine out of

fulfilled Ridley's criteria (4,12). 


were classified as lepromatous (LL) and Borde.zline Lepromatous

patients 


The age range of these patients was
(BL) leprosy patients respectively. 

18-7! years with the median age of 36 years as shown in TABLE 1.
 

Group 2
 

out of thirty lepLu-Ervthema Nodosum Leprosum, acute. Thirteen 
an acute group accordin3 t

mnatous with ENL patients were classified as 

the pattern of reaction which started abruptly and then subsided within 

to 10 days after steroid treatment, No further reactions were obseiveJ 
,,

dt.ring the one to two year follow-up. The age range of this groip 

18-44 years with the median age of 30 years. 
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Group 3
 

Erythema Nodosum Leprosum, chronic or recurrent.Seventeen out of
 , thirty lepromatous with ENL patients were 
found with intermittently waxing and 
waning episodes of ENL. Reactions flared up 
in few days when
steroids were discontinued. Five patients 
in this group started with a
reactional pattern of acute ENL 
and then developed recurrent-episodes-of-

ENL within two to four weeks after the last 
steroid dose. Their results ,are 
included along with chronic patients since both groups 
 showed similar results. The age range 
was similar to the previous groups with the.
median age of 34 No
years. significant differences 
in the median age
were observed among the groups.
 

T cell marker staining
 

The distribution 
of the mean percentages among clinical 
groups
is shown in TABLE 
2. A striking difference in.T lymphocyte subsets
observed in acute and was

chronic recurrent ENL as 
compared to non-reactional


lepromatous patients. 
 Greater numbers of 
helper phenotypes (P<0.01) were
found in both 
acute and chronic recurrent ENL lesions. The 
overall
helper/suppressor T cell 
ratio in chronic, recurrent ENL was 3.6, which was greater (P<0.01) than observed i
in non-reactional lepromatous specimens, while the specimens in acute ENL 
showed similar low ratio of
helper/suppressor phenotypes 
as to the non-reactional lepromatous group.
T suppressor lymphocytes were 
tewer 
in chronic, recurrent ENL but did not

differ statistically among the groups.
 

DISCUSSION
 

We 
have introduced a unique technique, suction-induced skin blisters,
in order to delineate the subsets of T lymphocytes using monoclonal antibodies against T helper (Leu 3) and T suppressor (OKT-8) cells with 
 the
ABC immunoperoxidase 
method in non-reactional lepromatous 
leprosy compared 
to subgroups of ENL reactions 
of leprosy. Any imbalance in the
ratio of helper or suppressor subsets 
leads to excessive helpe 'Ictivity
or suppressor activity (15). 
 The balance between helper 
and jppressor
activity is very important in the regulation of immune responbes as shown
 
by animal studies (16).
 

Using monoclonal antibodies 
for identifying suppressor and
cells, Bach et helper T
al., Wallach et al., 
Mshana et al. and Modlin et al. found
reduced helper, increased 
suppressor T cell percentages with reduced
helper/suppressor ratio 
in lepromatous patients whereas 
in patients with
ENL, they oiserved 
increased helper, decreased suppressor T cell percentages with an increased helper/suppressor ratio (17,18,19,20). On the Aother hand, Van Voorhis et al and Rea et al observed that there were no,
differences in the helper and suppressor cell percentages and the helper/
suppressor ratio between ENL patients and lepromatous patients (9,21).'
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Thus there were contradictory reports on the number of helper and
 
suppressor T phenotypes. However, no reports separated clinical sub

groups of ENL in the study. Our results of blister study in non-reac

tional lepromatous and lepromatous with ENL, lesions confirm that the
 
helper/suppressor ratio is indeed increased in chronic, recurrent sub

groups of ENL but not in acute subgroup of ENL compared to non-reactional 

lepromatous patients. Beside increasing of helper/suppressor ratio, we 

also found that the amount of helper. T_cells significantly- increased, in, 
both clinical subgroups of ENL than lepromatous patients. Increased 
helper activity either produces soluble T cell growth factors which help 
T cells to have functional capability to respond to antigenic stimula
tions, thereby increasing CMI and causing inflammatory responses, or 
helping B cell differentiation to produce antibodies. 'These antibodies 
bind with the fragmented bacilli formed due to the treatment leading to
 

the formation of immune complexes which are either found in circulation
 
or deposited in the tissues. Deposition of immune complexes in the tis
sues mediates PMN cell infiltration and leads to phagocytosis of the com
plex by the release of enzymes which destroy the complex as well as pro

duce local tissue damage (19,,22).
 

It thus appears that an' alteration in helper T cell subset numbers is
 
probably the main cause of the reactional episode of ENL, both acute and
 
chronic, recurrent subgroups.
 

The higher helper/suppressor ratio (3.6 + 1.83) in chronic, recurrent 
ENL as compared to acute ENL (1.4 + 0.38) and lepromatous patients (1.1 + 
0.55) indicates a significant shift of the ratio causing a severe im
balance in the regulation of immune responses in chronic, recurrent ENL. 

This report has presented on the information concerning sequential
 
changes of immune status from the lepromatous state to acute and chronic,
 
recurrent ENL in leprosy patients which provides an understanding of the
 
pathogenesis of observed differences in cell-mediated immune responses
 
that exist in leprosy. This unique blister technique may be used as non

invasive method of monitoring immune status and improving treatment.
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Table 1. Age Distribution and Steroid Responsiveness by Clinical Groups
 
in 	BL, LL and ENL
 

Clinical 

group 
No. of 

cases 
Age zange 

(yrs) 
Median age 

(yrs) 

Lepromatous 

(BL and LL) 

Acute ENL 

Chronic, 
recurrent ENL 

20 

13 

17 

18-71 

18-44 

17-57 

36 

30 

34 

No role of steroid in this group 

Response to 


Steroid 


-

yes 


yes 


Relapse when
 

stop or taper
 
off steroid
 

-

no
 

yes
 

Table 2. 	 Percentages and Ratios of T Lymphocyte Subsets in Leprosy
 

Blister Fluid*
 

clinical n % Leu 4+ % Leu 3+ %OKT-8+ %Leu 3+/OKT-8+ 
group (mean + s.d.) (mean + s.d.) (mean + s.d.) (mean + s.d.) 

Lepromatous 20 
(BL and LL) 

Acute ENL 13 
Chronic, 17 

recurrent ENL 

k The percentages of 

total mononuclear 


marker, Leu 3, a 


(cytotoxic) marker 


29 	+ 11 18 + 7.5 20 + 8.5 1.1 + 0.55 

41 + 17.9 30 + 14.2@ 24 + 7.4 1.4 + 0.38 
36 + 19.6 30 + 16.3@ 11 + 5.3 3.6 + 1.83@ 

T lymphocytes were calculated as compared to the
 

cells in the blister fluid. Leu 4, a pan T cell
 

helper (inducer) marker and OKT-8, a suppressor
 

were used.
 

@ 	 Statistically significant data : Leu 3+ : Lepromatous VS Acute ENL,
 

P40.01; Lepromatous VS Chronic, recurrent ENL, P40.01, Leu 3/OKT-8:
 

Lepromatous VS Chronic, recurrent ENL, P 0.001
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ABSTRACT
 

ToI d-t.jy the capability of monocytes and lymphocytes from leprosy 
we the levels of 1L2 fr,:mnp.ltient; u produce ILI and IL2, measured 

found that they were not statistically diffe 'coLBi,/I,1, and 6 iT/TT and 

trom II ',)riira subjects when P13ML were stimulated with mitogens, PHA-iP or 

)n A. however, when PPD was used as the st imu I at ing agent, there wa, 

:1g n i i-i ii- Ii f * r nct e between 13L,/ , vs normals, and BB/TT vs nor:!;I. . 

We f LuIj t-. the eve I of I Li in 23 BL./I,L was si g if icantly lower t-hant 0W 

o ma I j ct:s. It was also demonstrated that inac r ophages .3t. 
.n 1 


reqliri±d 1;r I L [prod Lct iOn.
 

INTRODUCTION 

Lepr y is a chronic infectious disease characterized by a unique 

spectrum *X human immune response to a single causative ag'nt, 

M. 	 lepra_-1. Lepromatous patients, at one extreme, are almost totally 
vivo and in vitro; stromiand spec.fically nonresponsive to M. leprae in 

dlayed fyersensitivity and cell-mediated immunity (CMI) mark tubei.
in CMI have heeLcu!oid patients at the other extreme. Various defects 


in viLro, especially in lep romatous
demonstrated both "in vivo and 

2 5
 

their underlying causes and pathogenesis are unknown .
patinnt3, 	 Lit 

.,,' , Iopments in immunology and molecular biology now make it 

plausilyI t.,, hypothesize that the range of aberrant CMI in leprosy ifi duo 
moncl-I:o 	 inad.-jate or inappropri3te production of ILl and/or IL2 by host 


1II,, resulting in a range of immunoregulatory disturoances 
as
nucIeaL 
 7 i. 
i ubA- , tile immunopathologic spectrum of leprosy6 - . If this 

.- in 
by immunotherapy totrue, h)sL iminunity to M. leprae might be modified 

.normwalize" ILl and/or IL2 production or responsiveness; if false, it 

would exclude a number of presently known immunoregulatory mechanisms and 

re-direct work toward other immune cells and interactions.
 

MATERIALS AND METHODS
 

Production and Determination of ILl
 

Ten to twenty milliliters of heparinized blood was obtained from
 

0.01 M phosphate buffetsubjects. 	 The blood was diluted 1:2 with sterile 
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saline (PBS) pH 7.2 and centrifuged on Ficoll-Hypaque 8 .
blood mononuclear The peripheralleukocytes 
(PBML) were 
collected
with and washed timesRPMI 31640 media. The cell concentrations were adjusted1640 containing with RPMI100 units/ml penicillin, 100 ug/ml streptomycin,L-glutamine and 1U% 2 mMheat inactivated 
fetal calf 
serum (FCS).
 

P13ML 2x106 cells in 2.0 ml media wereplastic added onto aplate, incubated at 370 c, 5% 
35x10 mim.

CO2 for 2-4 hrs. Non-adherent
cells were washed off 3 times with 10% FCS-RPMl-1640.and adherent PBML, non-adherentcells were stained with nonspecific esteraseThe exact number stain (NSE).of monocytes adhering to the plate wasthe concentration of calculated andmonocyte was achieved by adding a certain amount of10% FCS-RPMI 
1640 media.
 

The adhered monocytes of normal or leprosy patients
tic plate were adjusted to the plasto 2x10 5 cells/ml by adding10% various amountsFCSRPMI 1640 media. Twenty of
ug/ml of lipopolysaccharideadded, and (LPS) wasincubated 
at 370c, 5% CO2 for 24 hours.were collected Cell suspensionand centrifuged and the 
resulting supernatants assayed for


ILl. 

Thymocytes from eight week old BALB/C inbredused strainas the indicator cells in mice wereILl assay. Animalscal dislocation were killed by cerviand the thymus gland removed under sterile conditions.the thymocyte suspension 
was prepared by 
gently homogenizing
gland in a sterile mesh with a 
the thymus

sterile rubber plunger. Thewere washed thymocytestwice with ILl media, counted, and then adjusted to 3x10 7 
cells/ml.
 

Samples for 
the ILl assay 
were diluted 1:2, 1:4,
ILl media with a final 1:8 and 1:16 byvolume of 600 ul for each dilution.microliters One hundred
of thymocyte 
suspension 
were added to
oughly mixed. each tube, and thor-Thirty microliters of PHA-P (conc.20 .ug/ml) were added toeach tube and mixed.
 

All ILl sample dilutions 
well tissue 

were assayed in triplicate usingculture plates. 96Two hundred 
microliters 
of the above
tioned mixture menwere pipetted into each well. The microtiter tissueture plate was incubated at cul
370C, 5% CO
2 for 72 hours.
corporated into DNA Thymidine inwas measured 
by adding 
25 ul of tritiated 
thymidine
(8 uCi/mj) 
into each well, mixed, and incubated for 
2 hrs.
 

The culture was harvested
cell harvester. The 

onto glass microfiber filters using aglass microfiber filters were dried at roomture overnight temperaand transferred into scintillation counting vialsing 7.0 ml containliquid scintillation 
fluid. 
 All samples 
were counted
liquid scintillation in a
counter 
(LS 7000 

ter, 

Beckman Liquid Scintillation Coun-
Beckman Scientific Instruments, Inc., 
Fullerton, CA 92634 U.S.A.).
 

Production and Determination of 
IL2
 

PMBL Ix10 6 
 cells/ml 
 were stimulated
(Wellcome), with 2 ,ug/ml PHA-Por 40 ug/ml Con A 
(Sigma)

bated 

or 10 u4g/ml PPD (Connaught),
at 370 C incu5% CO
 18 hours
2 for PHA-P and Con A and 
48 hours for
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PPD. Supernatants were harvested by centrifuge for Con A stimulat ion.
 
Supernatants were added with 20 mg/ml ofo-methyl-D mannoside, fil.ered
 
until sterile, and stored at -700 C for the IL2 assay.
 

Tested saulples of the 1.2 assay were diluted in serial dilnti
 
[:2, 1:4, 1:8, 1:16 to 1:256 with ILl media in 100 ul volume in each 1ohIl:
 
of a 96 well tissue culture plates. One hundred microliters of .ce
 
washed CTLL-2 containing 8xl(J3 cells/l(]o ul were added into each ..
 
mixed, and incubated 24 hours. Fifty microliters of 311-TdR contaiii ii 
0.2 uCi/5O uL were added into each well and incubated for 18 hours. . 
tures were harvested onto glass fiber filters and 311-TdR incorporaM. 
was determined by a liquid scintillation counter (Beckman LS 70U0). 

Determination of Cell Types Required for IL2 Production
 

i. PBM[,. 1l1parinized blood was underlaid with Ficol llypaqu-,
 
centrifuged at 40tx; for 30 min. Generally we achieved PBMb with on. 
than 95% purity. 

2. Monocytfs. Two milliliters of IxIO6/ml PBML were aad"-. 
onto a 15x60 inn pla-stic )late, incubated at 370 C, 5% Cu2 f(' 
hours. Non -ihe roent c I Is were washed out twice with a warm izi'M1 
medium. Adherent cft Is on the plastic plate were m re than 9U, po::i t i. 
fEr nons-pecif c .- sta ining.;terase 

3. T -I Is. Ton ;1i [Ii liters of 2 xl(0 ml P13ML were , inu.iJed 
a Nylon Wool co I an, and ilncL bated at 37uC 5%# C3 for I mlur. :;,12 

adherent ceils wer, thben e tited with warm RPMI medium. Tne cesu l,in.; 
non-adherent cells were rosetted with AET-SRBC overnight at 40 C. Ti': 
rosetted T cells were sepair:ited from non-rosetted cells by Ficol l-Hyl.qau. 
gradient centrif ugation. AET-SRBC were lysed by .iypotonic ammonium chl 
ride solution. When these AE'Ps:R BC rosett ing cells were mlxed with 
AETSRBC, nore than 95% gave rosette formation. 

4. 1L2 production. Two milliliters of 5x10 5 /ml T cells were 
added onto plastic plate containing autologous or heterologous mono
cytes. The cell mixtures were then stimulated with 2 Ag of PHA-P for H3 
hours. Supernatants from cell culture were assayed for IL2 activity oy
 
CTLL-2 proliferation.
 

RESULTS
 

Production and Determination of ILl
 

Results of separation and purification of normal and leprosy 
patients' monocytes are shown in table 1 and 2 respectively, and figav 
shows levels of ILI in unit/ml of normal volunteers and leprosy pat leiL3 
respectively. The mean+S.E. of ILI in normal subjects is 622.4+-121.4 
units/ml, while in lepromnatous (LL) is 235.8+52.0 units/ml. 

Production and Determination of IL2
 

Figure 2 shows the level of IL2 from 11 normal and 25 FI/L.!. 
patients when IxI06/ml PBML were stimulated with 2 ug/ml PEIA 

105
 



(Wellcome). Figure 3 illustrates the level of IL2 from !xi06 /ml PkML
stimulated with 40 ug/ml Con A (Sigma), of 11 normal and 13 BL/LL
patients. Figure 4 depicts the 1L2 level, from Ix10 6 /ml PBML stimu
lated with 10 ug/ml PPD (Connaught), of 7 normal and 21 BL/LL patients.
When the inean+S.D. of 1L2 level of BL/Ll, patients were compared to nor
mals, there was no sigtnificant difference in the IL2 level when stimu
lated either with Con A or PHA-P. However, whet) PBML was sjimulated with 
PPD, there was a significantly difference (p < 0.025). 

When IL2 levels in tuberculoid leprosy patients (BT/TT) were
compared with normal subjects, there was no significant difference when
Con A or PHA-P were used as stimulating agents (figure 5 and 6 respec
tively). However, whei PPD was used for stimulation of IL2 production,
there is a significant difference between 1L2 of 5 BT/TT and 7 normal 
patients (figure 7). 

Determination of Cell Types Required for IL2 Production
 

Interleukin 2 production by normal T cells, monocytes, T cells
mixed with autolooous or heterologous monocytes are shown in figure 8. 
It is demonstrated that macrophages are required for IL2 production. 

CONCLUSION
 

The levels of 1I,2 in BL/LL and BT/TT patients are not statistically
different from normal subjects when PBML is stimulated with the riitogens

PHA-P or Con A. However, when PPD is used 
 as the stimulating agent,

there is a significant difference between BL/LL 
 vs normal, and BT/TT vs
 
normals subjects.
 

We have also determined the ILl levels in 7 normal and 20 BL/LL
patients. The level of ILl in BL/LL are significantly lower than in nor
mal subjects. it is also demonstrated that macrophages are required for 
IL2 production. 

The study of ILl production from both untreated and treated leprosy
patients and normal volunteers will be continued. Determination of IL2
levels from PBML of both untreated and treated leprosy patients and nor
mal subjects stimulated with different doses of 
Con A, PHA-P and PPD will

also be continued. The imnunotherapeutic effect of ILl and/or IL2 shall
be carried out. We will begin to evaluate PBML, monocytes, T cells, T
helper and T suppressor celLs from normal and leprosy patients in the 
regulation of IL2 production. Finally, 
the number of IL2- producing

cells from the PBML of normal and leprosy patients using our new tech
nique will be carried out.
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Table 1. 
 Separation and Purification of Monocytes from Normn1l Subjecfs.
 

Subject 
 Percent positive nonspecific % cell
 
Number 
 esterase 


Non-adherent cell 


N.1 5 
N.2 
 4 

N.3 
 4 

N.4 6 
N.5 
 3 

N.6 
 4 

N.7 6 


X 
 4.57 

S.D. 1.13 


staining cell adhere 
adherent cell 

93 14.5 
92 15.0 
85 11.0 
91 9.0 
89 14.0 
90 11.5 
89 10.5 

89.86 12.21 
2.61 2.29 

Table 2. Separation and Purification of Monocytes from Leprosy 
Patients.
 

Subject Type of 
 Percent positive nonspecific % cell
 
Number Leprosy esterase staining cell 
 adhere
 

Non-adherent cell adherent cell 

U.1 LL 
 5 
 89 13.0
 
0.2 LL 
 8 
 78 15.5
 
0.3 LL 9 
 85 9.5
 
u.4 LL 
 3 
 83 10.5
 
U.5 LL 5 
 93 12.5
 
U.6 LL 
 3 
 85 9.0
 
.7 LL 3 75 11.0
 

U.8 LL 
 3 
 82 9.5
 
U.9 LL 
 2 
 80 14.0
 
U.10 LL 
 1 
 89 9.0
 
0.11 LL 
 6 
 86 11.5
 
U.12 LL 
 7 
 85 14.0
 
U.13 LL 
 4 
 87 12.5
 
U.14 LL 
 7 
 91 12.0
 
U.15 LL 
 5 
 92 13.0
 
U.16 LL 
 4 
 87 11.5
 
0.17 LL 
 4 
 90 13.0
 
U.19 LL 
 3 
 92 9.5
 
U.20 LL 
 7 
 87 14.5
 
U.21 LL 
 2 
 93 15.0
 
U.22 LL 
 4 
 92 14.0
 
U.23 LL 
 5 
 91 12.0
 
U.24 LL 
 5 
 91 10.0
 

n = 23 
 x 4.57 
 87.09 12.00
 
S.D. 
 2.04 
 4.95 1.99
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ABSTRACT
 

Tissue culture of bamboo for conservatlon and germplasm exchange has 
been developed since 1985 at Kasetsart University, Thailand. Seeds, 
stern-buds segments and leaf cultures systems are being established. Tis

sue culture technologica) development has been successful in some species 

of bamboo. Conservation of Thai species and some introductions by using 
growth retardiant i.e. daminozide and CCC and low temperature have been 
partially success:fu1. Cryo-preservation and germplasm exchange are now 

being studied. 

INTRODUCTION
 

Bamboo has been a very important crop throughout history. Human and 
wild life have been closely associated with bamboo for a long time. 
Though man has greatly utilized bamboo as food, fiber, building material 
and a biofuel source, still little is known about bamboo. It has been 
harvesred from the forest year after year with, if any, only minimum 
conservation.
 

The objective of this project is to develop tissue culture technology 
for bamboo conservation and propagation. 

Specific research objectives include:
 

1. 	 Development of in vitro conservation techniques;
 

2. 	 Collection and conservation of bamboo varieties grown in 
Thailand and Sri Lanka using tissue culture techniques; 

3. 	 Development of tissue culture techniques for mass propaga
tion;
 

4. 	 Developmenh of techniques for international bamboo germ
plasm exchange using tissue culture. 

MATERIALS AND METHODS
 

1. Development of Tissue Culture Techniques for Mass Propagation
 

1.1 Stem bud system: Experiments were conducted to study suit
able media and methods for long term culture, multi.plication of shoots
 
and improvement of rooting efficiency.
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1.2 	 Young leaf culture system: Experiments were performed inorder to investigate suitable 
media and conditions 
for 	callus multipli
cation and regeneration. 

1.3 Seed system: Experiments were repeated to multiply shoots
in media and then to 
apply these techniques to other species.
 

2. 	 Development of 
Tissue Culture Technique for In Vitro 
Conser
vation
 

2.1 	 The effect of low temperatuie on conservation was 	 inves
tigated.
 

2.2 	 The effect of growth retardants i.e. 	 CCC and daminozide on 
conservation were studied.
 

2.3 	 The erfect of cryo-preservation on conservation was deter
mined.
 

3. 	 Germplasm CollectAon
 

Experiments included a systematic plant material survey 
in Thailand, collecting and culturing tissue 
in septic conditions.
 

RESULTS AND DISCUSSION
 

I. Development of Tissue Culture Techniques for Mass Propagation
 

1.1 	 Stem bud segment system: The most suitable medium for stembud 	 segment was woody plant medium supplemented with BA (2 mg/l) and 	 NAA
(I mg/l). The 
most suitable medium for multiple shoot 
formation was a MS
(1962) supplemented with BA (10 mg/l). The excised explant from maturebranches or shoots 
were t'e most suitable tissue because the explant survived at a higher percentage, higher 
 bdd 	 and at higher number of shoots 
per 	bud, than expldnts taken from young ones.
 

1.2 Leaf callus system: Young leaf slieaths were the most suitable for culturing to induce callus fermation. 
 Calli occurred at the
cut-edge and 
on the leaf surface. Calli started to form as 
fast 	as with
in one week. In most 
cases, if successful, 
callus farmation occurred
within 1 mcnth. 2, 4-D was 	 proven to be a suitable callus inducingagent. 
 2, 4-D at 3 mg/l incorporated 
into medium induced callus formations in several bamboo species. Calli could 
be subcultured and mulli
plied on the same medIium.
 

1.3 	 Seed system: By using in vitro propagation, a high percentages of seed germination could be obtained. The most suitable mediumwas 	 a woody plant medium supplemented with BA (4 mg/) and NAA (2 mg/l).
Kinetin and 
2 iP 	were not as effective as BA, but 
they 	stimulated callus
formation. It was 
found that shoots produced roots when they 
were 	cul
tured 
on NAA (1-2 mg/l) enriched media.
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2. Development of Tissue Culture Technique for In Vitro Conser
vation 

Research to develop tissue culture techniques for in vitro 
conservation was in parallel with the sub-culture techniques which were 
developed simultaneousLy with the tissue culture techniques for propaga
tion. Finding a mininmum growth technique was the objective. The follow
ing were the summary of research:

2.1 Stem-bud segments system 

Low temperature 

Experiments have been conducted to evaluate the effect of 
low temperature on the growth and lengtn of the incubation period of 
Bambusa glaucescens stem-bud segments. Experiments are in progress. 
Preliminary data suggested that tissue of B. ,laucescens could be kept as 
low as 50 C. Height was reduced 24 times from the control. After 3 
months, most of the plants survive at 5VC and 10°C but some die at 
250C.
 

2.2 Leaf callus system
 

During this report period, the number of available calli 
was inadequate for the conservation experiments. As soon as an adequate 
amount of calli is obtained, experiments similar to those with the stem
bud seqments will be conducted. 

2.3 Seed system 

The eftects of tha growth retardants, CCC and Daminozide 
were further investigated. Seedlings, and 7 day old Dendrocalamus 
membranaceus Munro were used. The findings are summarized next. 

3. Germplasm Collection
 

Up to date, eighty-one clones of forty-one species, representing 
13 genera, were collected in Thailand. All of them were cultured in a 
defined medium. Thirty-two clones, representing twenty-two species and 7 
genera have survived in culture. The rest have not been successfully 
cultured. Attempts to maintain these species of bamboo in culture and 
reestablish culture of those which did not survive earlier =re in 
progress. 

CONCLUSION
 

Research activities have been progressing well. Tissue culture
 
devolopmont for mass propagation is progressing satisfactorily, though 
not a Il species could be cultured. Viable technique for bamboo propa
gation have been demonstratod. Several experiments are still needed to 
refinp the compsition of Lhc media and techniques and to complete the 
tissue ciltare protoco,. 
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Research to develop in vitro conservation techniques has progressedwell and movedI in the right direction. Several additional experimentsare planned for the next period1 to .hfi nq this phase of the study to a 
successful c nclusion, 

Germplasm collpctioi in 'hailind is going very allwell. Almostspecies have been collected, thouqh not all survived. Bamboo habitatshave been identified, so it is [ ow easy to corlect additional samples. 
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"FIBER FARMING THROUGH WEED UTILIZATION- (4.525)
 

THANAKORN UAN-ON, GRITSANARUCK THEERARAJ, and UTHAI CHAREONWONG
 
Faculty of Environment and Resource Studies, Mahidol University
 

ABSTRACT 

The project will explore the potential for using a common and widely 
dispersed weed (Rux) CalotLopis gigantea R.Br. for fiber that can be 
incooperated with cotton into yarn. Thi hypothesis is that this weed is 

able to grow on marginal land without irrigation and fertilization and 
its tolerance to pests would seem to provide advantages over conventional
 

crops which can not grow under such conditions.
 

OBJECTIVES
 

The 	objectives of the project are as follows:
 

1. 	Collection of germplasm of Calotropis gigantea R.Br. from
 
diverse locations;
 

2. 	Agronomic eva luation of germplasm;
 

3. 	Variation assessment and selection of superior varieties for 
further study; 

4. 	Physico-chemical evaluation of Rux fiber; 

5. 	Yarn properties evaluation! and
 

6. 	 Fabric evaluation. 

The technical work plan is divided into three main parts: agronomic 

evaluation and assessment for the selection of superior varieties of 
Calotropis gigantea R.Br. for further study, physico-chemical evaluation
 
of rux fiber and yarn properties, and faoric evaluation. The first part
 
will mainly be carried out for the first year arid continue through the 

second and third year for management trials. The second part will be
 
conducted after obtaining fiber samples from the experimental plots.
 

Research for finding the appropriate technology which will be applied for 
yarn and fabric making will be included. The last part will include
 

agricultural engineering aspects and an economic analysis.
 

BACKGROUND 

Synthetic and Natural Product
 

Before the advent of synthetic fibers, man has used such natural 
products as cotton, wool, silk and flax as raw material to make textile
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fabrics. From these fabrics, garments were made. Of these natural 
fibers, cotton is the most widely used because, perhaps, cotton has 
certain inherent characteristics that make it suitable for conversion 
into yarn and ultimately into fabric.
 

Although synthetic fiber:; are !-uperior to their natural counter
parts in many aspects such as lightness and crease-resisting properties, 
they also posess many undesirable qualities. They often are easily 
charged electrostatically and do not provide as good ventilation or 
absorption of perspiration as natural fibers, making them more uncomfort
able to wear in hot weather.
 

The usual practice in textile fabL c manufacturing is to mix
 
natural fibers with synthetic fibers in a variety of proportions to
 
obtain desirable qualities for different uses. Thus, natural fibers, 
especially cotton are 3till important in fab.lic processing (Archaraporn 
Silasuta, 1977). 

Pesticide and Fertilizer
 

Cotton farming in Thailand has, however, suffered a severe set
back due to cotton's vulnerability to pests. Large amounts of pesticides
 
have to be applied with destructive consequences to the health of people 
and the qual ity of thp environment. 

The use of fertilizer in times of energy crisis means much 
higher cost and much less net income to the cotton farmer. Furthermore, 
cotton has to be grown on fairly good land which is becoming scarcer and 
scarcer due t(, the increasinq pressure for land to grow food crops to 
satisfy the needs of the expanding population. Marginal land left over 
from shifting cultivation, mining and other destructive human activities, 
which is quite abandant in Thailand, cannot be utilized to grow cotton, 
unless there is excessive investment in improvement, irrigation, and fer
tilization. These high costs for land improvement can not be borne by 
the farmer. 

Natural Fiber Source
 

The group of plants commonly referred to as weeds have been put 
into consideration because of their advantages over natural fiber crops 
like cotton. 

1. They can grow in poor soil without the needs for irriga
tion and fertilization.
 

2. They are tolerant of pests; hence, pesticides are not. 
required. 

Kritsanaruk Theerarat, (1984) found that Rux or Calotropis 
gigantea had fibers in its pod and could be used to be blended with cot
ton with 50:50 weight percentage and be woven by machine and hand looms. 
The fabrics were found to be quite satisfactory, namely, they 
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the 	 fabrics made from cotton, the colour did not
looked more shiny than 

run when washed, and ironing was easy. This preliminary experiment has 

gigantea can be developed and its fiber
demonstrated that if Calotropis 

as a raw material for textile fabric, 
can be used to supplemenrt cotton 

three important benefits might arise; 

needed for mechanization, irriga
1. The amount of energy input 

income
resulting in higher net 

tion, and fertilizer would be reduced, 


the farmer.
from 	the lower costs and "value added" for 


2. Less p:1 sticides would tne required, which would reduce the 

health risk and possible damage to the orvironment. 

be put under cul
3. Marginal land utilization at present could 

area 	of cultivated land.
 tivation, thereby considerably increasing the 


METHODS AND TECHNICAL 	WORK PLAN
 

Agronomical, Biological Studies and Evaluation
 

I. 	Collection of Calotropis gigantea. Conduction of field sur

egions of Thailand.veys covering 6 physi ogriphic 

plants and seeds according to the stra-
Collection of Rux 

tifi d random sampling method. 
notes on location, soil type,Compilat ion U[ detailed 

and other facets of the environment in which each 
insect- and diseases, 

plant is found.
 

2. 	 Morphology ano Taxonomy Studies 

under standard environmental conditionsThis was conducted 
at Salaya Campus, Mahidol University.

using the c one collection plot 

of Rux were selected randomly from the plots 45-50, 90-95,
Three samples 


measured

180-191, ,120-231 days re:;pectively after planting. Samples were 

and observed for the characteristics of root systems, stem, leaf, flower, 

bio
pod, 	 seed. The following were the concerned subjects in the floral 

logy 	study.
 

plant taxonomy
(1) 	Type and morphology of flower by using 

in her.b;arium. 

(2) 	 Floral structure by using plant taxonomy index, floral
 

diagram and floral formula.
 

pollen viability by

(3) 	 Type and morphology of pollen and 


which were

using light microscope and pollen samples 


1952)

prepared by standard acetolysis method (Erdman, 


for type and morphology study. Germination test which 

with 	5, 10,

was suggested by Brewbaker and Knack (1960) 


and 20% sucrose solution, was applied for a pollen
 

viability study.
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(4) 	Growth development and 	 blooming 
 day 	 of flower byrecording te number of blooming days for one inflo
rescence.
 

(5) 	 Pollen shed 	 and stigma reception to at suitable periods
of fertilization 
by hand pollination 
at various times,

i0 flowers per 
treatment.
 

3. 	Agronomical Evaluation
 

(I) 	 Seeding Preparation 
 of 	 seed samples from 
 selected
populations 
will be made according 
to the ecotype of
the main land form under each physiographic region aswell as the climatic condition. 

(2) 	Experimental sites wilt be selected to represent the
marginal land form in each region. 

(3) 	 Exper imental design.

Using 
 split plot design with two treatments-...high and 
low 
input, each treatment naving 
3 replications.
 

(4) 	 Data collection and 
analysis
Yield and 1jrowth factors will be the studied variables. [)ulcan's New Multiple Range Test will be used 
to perform statistical analysis. 

(5) 	 Selection of Rux
 
Results [rom the 
 analysis will be used to determine thebest 	 selection in each 	 experimental farm. 

4. 	Management trials
Replicated management trials will be initiatedrecl .n using seedlings 	 in eachfrom 	 at least 3 of the best populationsexperimental farm. At least 	 from each

two treatments will be conducted with the 
same 	design.
 

Engineering, Physico-chemical Evaluation
 

i. 	Fiber extraction
 
Fibers and seeds will be extraced from 	 pods by hand. Seedswill 	be separated by the following methods:
 

by hand
 
by ginning (simple gin roller type)
 
by Shirley Analyser
 

2. 	Fiber physical properties evaluation
 
Measurements 
will be taken 
 of 	 fiber properties such as
length, fineness, strength, formity.
 

3. 	Fiber chemical properties

compositions 	 and dyeing evaluation. Thefor 	 rux fiber eg. cellulose and 	 dyeing property will be
analyzed.
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4. 	 Yarn properties arid woven fabrics.
 

Measurements of yarn physical properties will be taken, then
 

the dyed yarn will be woven both by hand loom and loom.
 

5. 	 Fabric properties evaluation
 

All strength properties as well as wash and properties
wear 


will be measured.
 

Economic Studies
 

Studies will be done estimating the cost effectiveness of pro

ducing Rux fabric. Production scale may be a major factor of cost compu

tation but it will be compared rigorously with those scales of cotton,
 

silk, rayon and polyester.
 

RESULTS AND DISCUSSION
 

Half of tile project still must be continued. This study examines
 

sections 3.1.1-3.1.3 and 3.2.1-3.2.3 of the mentioned technical work
 

only parts of theplan. Thus, results demonstraLed in this report are 
of data and informastudy. T.ie report covers only part of the whole set 

results also designates thetion in summarized form. Discussion of the 

work done and some expected outcomes. 

Collection of Calotropis gigantea R. Br. (Rux)
 

Rux plants and seeds were collected and compiled at the Faculty 

for a total number of 120 samples. All samples were prepared for the 

stem cutting propagation method. Thereafter, tle seedlings were selected 

main land formed under each physiographic
according to the ecotype of the 


region as well as the climatic conditions. A total number 
 of 	 55
 

for
will be distributed to selected regions
accessions were selected and 


plant-ng. (Figure 1,2 and Table 1)
 

Morphological and Taxonomic Studies
 

General taxonomy and Floral Structure
 

Cigigantea is a bush reaching about 15 feet (4.5 metres) tall,
 

are woolly and hairy,
although usually smaller, has young parts which 


leaves which are pale green, reach above the middle of the plant, tip
 

very short point and have a leaf's base about 2.5 incles

with a broad, 


long which is heart shaped and somewhat wrinkled, aad 1.5 inches wide to
 

10 inches long and 5 inches wide.
 

are covered with white wool when
 

and
 
Both surfaces of the leaf 


wool persisting on the undersurface, which has a broad 

young, the 


of side vein. The Rux flower is

pale yeilowish midrib, and 4-5 pairs 


classified as an umbelliform inflorescence, racemose blooming type. The
 

There are 40.4-41 fLowers per
a flower.
flower inflorescence is perfect 


inflorescence. The flower development period from beginning until
 

lengths of the white and
flowering is 18-22 days. Tile average widths and 
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purple flower 
are 17.85, 
14.73 and 19.68, 
17.37 mm. respectively.
flower will fall down The
in 5-7 days after flowering 
if it is not pollinated
by insects. 
 The suitable 
period for fertilization 
is at the flowering
stage and lasts for 
2 days. (Figure 3-6)
 

Selection of Rux
 

Data from 12 months of records 
were used for analyses of variance and Duncan's New Multiple Range 
Test. Three experimental s.ations
-- at Nakornpathom, Lampang, and 
Khon Kaen -- were presented as examples
results from the Rux c:lone 
selection. (Table 2)
 

Nakornpathom Experimental Station
 

From the experimental results, C-10 performed the bestit gave becausethe highest fiber weight/tree, number of inflorescence/tree,number of pods/tree than andother clones. With regard to the growth rate,C-10 also gave a high rate growth too. When comparedinputs the data showed that 
to high and lowC-10 productL on was higher than any otherclones in both treatments. (Figure 7) 

Lampang Experimental Station
 

There wer? four clones 
region's clones N-7 

which were selected from the northernN-3 and N-1l.N-6 N-7 had a greater number ofpods/tree than other clones but had lowa fiber weight/pod which could bedeveloped to increase fiber weight. N-6 clone
although it could 

had a lot of pod abortionsproduce a satisfactory of rate fiber weight/pod
inflorescence. (Figure 8) 

and 

Khon Kaen Experimental Station
 

Three clones of Rux, NE-37 NE-38 
and NE-29, were selected from
Khon Kaen Experimantal station 
for the northeastern region's 
clones.
Each clone gave some high production rates, numbers of pods/tree andnumbers of inflorescence 
especially 
in clone NE-37 which
rate gave a higherof inflorescence higher than others although it had a greater podabortion rate 
than clone NE-38. (Figure 9)
 

Fiber Length Analysis
 

Fiber from 
three experimental stations both
input ranges were selected randomly 
in low and high


to be processed 
in a comb sorter to
measure the effective length of 
the Abea. Effective length 
is a useful
guide for toller 
 setting in spinning. An effective length 
which is
longer than 3 centimetres is 
suitable for the spinning process.
 

Fiber length analyses showed 
that the average effective length
has 3.439 cm. for high input fibers and 3.309 for low input fibers. Thepercentage 
of short fiber 
was less than 20%. This result demonstrated
that Rux fiber 
is suitable for yarn spinning. (Table 3)
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-------------------------------------------------------

-------------------------------------------------------

-------------------------------------------------------

-------------------------------------------------------

-------------------------------------------------------

Selected clones from 6 physiographic regions

Table 1 


Region Landform Selected Clones
 

4
Flood Plain
North 

6
Low terrace 

5
High terrace 


5
Low terrace
Northeast 

2
Natural levee 

I
Kacst Topography 

2
Structural plain 

1
Sand dune 


High terrace 2
 

2
Flood plain 


Low terrace 

Central 


1
 

3
High terrace 

2
Foothill slope 

1
Karst regina 


East 	 Plain 1
 
Low terrace 2
 

Beach 
 2
 

Karst topography I
 

I
Coastal plain 


South Foothill slope 	 1
 

2
Former tidal flat 


High terrace 
 1
 

4
 

2
 
Low terrace 


Beach 
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SUMMIARY 

AVERAGE OF TOTAL YIELD AND CHARACTERISTICS 
IN 3 EXPERIMENTAL STATICNS 

CLONE TOTALYIELD/TREE NO.POD/TREE FIBER WEIGHT/POD FRESH WEIG-T/POD NO.OF INFLCRESCENCE
/TREE POD SIZE(WIDTHxLENGTH) TREE SIZE(HEIGTHXWIDTH) 

C-10 
C-04 
C-12 
C-03 

16.94 
6.65 
5.79 
5.44 

16.49 
8.44 
6.09 
6.42 

1.07 
0.80 
0.87 
0.85 

14.54 
15.70 
17.45 
16.11 

519.5 
387.4 
277.3 
268.0 

2.91x10.28 
3.26x9.66 
3.22x9.66 
3.10x9.44 

226.2x242.10 
2 16.7x250.30 
225.9x248.90 
224.0x215.30 

N-07 
N-06 
N-03 
N-13 

51.78 
46.47 
45.42 
44.20 

109.75 
50.08 
57.72 
74.72 

0.49 
0.88 
0.70 
0.55 

13.21 
15.30 
12.84 
12.67 

326.58 
401.11 
217.70 
338.33 

2.64x8.95 
2.55x8.79 
3.19x7.68 
2 .47x7.87 

2 6 2.06x259.25 
2 75.03x298.00 
227.92x207.61 
2 76.92x274.95 

NE-37 
NE-38 

NE-29 

26.51 
24.85 

22.35 

32.74 
36.00 

29.67 

0.80 
0.67 

0.70 

11.16 
11.26 

10.90 

141.28 
117.47 

94.19 

2.63x8.64 
2.80x8.75 

2.71x8.45 

264.00x243.92 
2 8 2.55x204.92 
259.56x243.92 

selected from Rux clones which were colected from each regionand planted in 3 experimental station. 

Table 2. Average of Total Yield and Characteristics in 3 Experimental Stations. 



Table 3. Fux Fuber Effective Length. 

SAMPLE 

HIGH 
------- : ----------I 

MAXIMUM EFFECTIVE:
LENGTH LENGTH 

SHORT
FIBER 

---------I 

:SAMPLE 

:..~ 

LOW 

MAXIMUM EFFECTIVE:
LENGTH LENGTH 

SHORTFIBER 

(Ca.) (cm.) (er.) (cm.) 5; 

4 

3.520 
3.460 
3.530 

3.170 
3.090 
3.-20 

17.580 
10.390 
13.360 

2 
3 
4 

.i.430 
3.350 
3-240 
3410 

3.110 
3.080 
2. 910 
3 .050 

1- 160 
18.640 

2. 620 
14.710 

5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 

-.000 
3.620 
3.570 
3.470 
3.910 
3.870 
.580 

3.870 
4.c0 
3.600 
4.240 

2.750 
3.470 
.460 
3.350 
3.760 
0.760 
3.450 
33.560 
3.860 
3.240 
4.010 

22.290 
19.310 
17930 
13.170 
21.350 
21.390")1) 
20.30 
22.30 
21 .110 
20.380 
23.380 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

3.490 
3.010 
3.750 
3.470 
3.380 
3.660 
3.900"J.41010-0 
.410 
4.020 
4.230 
3.370 
4.090 

3.190 
2.;30 
3.40 

370 
3.230 
3.410 
3.670 
320 
3.530 
3.940 
3i00 
1.770 

13.410 
15.230 
20 270 
21.380 
1 .350 
2.330 
19.77019.570 

24.700 
22.070 
18660 
23.610 

AVERAGE 3.667 
3 

I 
3.439 19.272 AVERAGE 3.576 3.309 13.968 
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Figuxe 5.1 Length of the Flower (White)
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OPRODUCTION OF MONOCLONAL ANTIBODIES TO SALMONELLAE THAT CAUSE ENTERIC
 

FEVER* (5.227)
 

1/ SUTTIPANT SARASOMBATH, NAPATAWN BANCIIUIN , GANJONA LERTMEMONGKOLCHAI2/ 

l/ Division of I mmunology, lpartment Of MLcrobiology, Faculty of Medi
cine Siriraj Hospital, Mahiidol University, Bangkok 10700 

2/ Department of Clinical limunology, Faculty of Medical Technology, 

Khon-Kaen University, Khon--Kaen 40(102 

ABSTRACT
 

Five mouse monocIoal ,anttbodes (ILIAbs) were established. Two mAbs 
(STPl3, SIPI4) were specif[ic to 34.0 Ki [odalt.on (Kd) protein antigen of 
S. typhl, while one mA, (STV14) was specific to Vi antigen of S. typhi, 
the other 2 mAns, =2PA..iu a nd SP2U were specific to 30-58.0 Kd and jo-56.0 
Kd protein tnt igen ,ifs. j,atypjij± A and S. pjratyphi B respectively. 
The STP .3 1,ol)ni, tia t.Lo i IgG.aK :Iocl s wh ie the othner mAbs could be 
assigned to the IG K 3ualcl ass. [h :;pecificity of STP13, STPI4, SPA20 

and SPB2U ws tested t,y itmmnu loutt ing usi ng a panel of crude protein 
antigens from !2 _Act r which "csisted of S. typh2", S. 2 aratyphi A, 

S. paratyphl B, . r a1t[nhL_ C, S.- cholerasuis, S. enteritidis,-


S. krefeld, S. Lanima, s. Lypiti_ i, E. coli, Ps. pseudomallei, and 

Y, enterocotitica wni ch ca s enteric fever anrd enteric fever-like ill
nesses. By the mod if ied dut,Ie ant ody sadndwich FlISA, the STP13 and 

STPI4 could detect pro in anti jen,3 at the approximate concentration of 
0.6 _uq/ml (p(U.005), wiLIM S:VW 14, SPA2'J antd SPB20 could detect their 
antigens at concentrations less than i. I )Ig/ml (p(U.00t). These MnAbs 
should be of great value for use ina diagnostic tests for the detection of 
Salmonella antigens in biological [ lnid of the patients with enteric 
fever, and for the study of the chemical trLctur? and other immunolo
gical :properties of their specific protein antigens. 

INTRODUCTION
 

Enteric fever is caused by four species of Salmonellae namely Salmo

nella tyhi, S. __ratyphi A, S. paratyphi B3 and S. paratyphi C. Among 

these 4 species, S.paratyphi C has never been isolated from patients' 

specimens during the past 10 years. One of the diagnostic problems of 

enteric fever is differential diagnoses which do not distinguish between 

enteric fever and enteric faver-like illnesses caused by other Entero

bacteriaceae. The most dWpenuabe way to establish a definitive diag

nosis is by hemoculture. However, laboratory diagnosis by hemoculture 

suffers from certain disadvantages. Many cultures are incorrectly nega

tive due to prior antibiotic therapy. Even when appropriate hemocultures 

are taken, the preisumptive nacteriological results require at least 48 

hours or longer for positive results. 
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Serological diagnosis of enteric 
fever by the Widal 
test has been
found to be unreliable by some investigators (1,11) and 
the positive
diagnosis requires both acute and convalescent sera which are rarelycollected (11). Hence, 
the antibodies in 
single serum specimen are not
very useful for secodiagnosis, since they can not distinguish current 
from previous infections.
 

Therefore, there is a need for a test that will permit a rapid laboratory diagnosis of enteric fever by a single specimen. That test shouldto detect specific Salmonellaaim antigens fcom biological fluids of thepatient. Many invstigators have established such tests by ising conventional polyclonal antisera in their tests but they have met problems of cross reaction with other members of 
family Enterobacteriaceae (2,6,8,13,
14). Attempt3! to reduce cross reactivities by absorption methods havenot been able to eliminate all of tLhe cross reactive antibodies (8). Toovercome this problem, mAbs which are specific to antigens of the men
tioned Salmonellae are required.
 

MATERIALS AND METHODS 

Bacteria 

All bacteria used 
 in this study can cause enteric fever and
enteric fever-like illnesses. They were as follows, S. typhi, S. paratyphi A, S. iaratypi.B, S. paratyphi C, S. cholerasuis, S. enteritidis,S. krefeld, S. pnama, 
S. typhimurium, Escherichia 
coli, Pseudomonas

pseudomallei, Yersiamia enterocolitica and Campylobacter lejuni.
 

Preparation of Antigens
 

The protein (Bp) antigens from all bacteria except C. jejuniwere prepared by the method originally described by Barber 
(4). Briefly,
washed and 
acetone dried bacterial cells 
were extracted with veronal buf
fer pH 8.4 and the 
protein was precipitated from veronal buffer 
extract
(VBE) by trichloroacetic acid. 
 The precipitate was washed, resolubilized,

lyophilized and stored 40
at c until used. The protein content 
was
assayed by the method described by Lowry and modified by Hdr.Lee (7).This antigen had a small amount of lipopolysaccharide contamination as
 
confirmed by double immunodiffusion.
 

The C. jejuni was used as the acetone dried cells antigen in 
this experiment.
 

Production of Monoclonal Antibodies
 

Female BALB/c J mice 6 to 10 weeks of age (kindly provided bythe Division of Veterinary Medicine, Armed Force 
Research Institute of
Medical Science (AFRIMS), 
Bangkok were immunized with Bp antigen from
S. typhi or S. paratyphi A or S. paratyphi B once every 3 days for 15days subcutaneously into 2 footpads, 2 auxillary and 
2 inguinal areas and
 
also intravenously (9).
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One day after the last administration of antigen, mice were 
sacrified by cervical dislocation. The auxillary and inguinal lymph 
nodes and one spleen were aseptically removed for hybridization with 
P3x63-Ag8.65J mouse myeloma cells by using 42% polyethylene glycol 40.0 

(Accurate Cheinical and Scientific Co., Westbury, NY.). The fused cells 
were dispensed into 24 well tissue culture plates (Costar, Cambridge, 
Mass.) in the pr.osence of syngeneic ouse [)eritoneal feeder cells and 
cultured it 37 ' C wIth 8t0% humidity anld 7% CO2 . Hybridomas secreting 
specific u:ntlbodJi(eo were cloned by the single dilution nethod in the 
presence uf iyngpeeie Ic mous, p i tonea I feeder cel Is. About 7 days after 
cloning, the hybridoma, could be seen by microscopy and each well was 

scored for morioc )loes. 

Indirect ELISA for rAb screening and specificity testing
 

Ily) ridoma-secreting specific antibodies against antigens of 

S. typhi, S. paratyphi A and S. paratyphi B were detected by indirect 
enzyme-linked imnmunosoi bent assay (ELISA) as described by Banchuin et al 
(3) using parnel[protein antigens of S. typi, S. uarayphi A, S. para
typhi B, S. piara ni C, S. cholerasuis, S. enteritidis, S. krefeld, 
S. panama, S. typhimurium, E. coli, Ps. pseudomallei, Y. enterocolitica, 
dried whole cells oA C. jejui, LPS and Vi antigen. 

Determination of mAb isotypes
 

Culture stipernatants of hybridomas secreting specific antibodies 
were characterized tor their isotypes by indirect ELISA. The procedure 
was the same as in nAb screening and specificity testing except that 
alkaline piosphatase-conjug ated goat anti-mouse IgM, IgGl, IgG2a, IgG2b, 
IgG3, K and (Southern Biotechnology, Birmingham, Ala) were used instead 
of the anti-nouse polyvalent 1g. 

Immunoblot technique for mAb specificity testing
 

The protein antigens of 12 bacteria were analysed by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) by the 
method originally described by Laemmli (10), in the LKB 2001 vertical 
electrophoresis unit (LKB-Produkter AB, Bromma, Sweden). After electro

phoresis, the proteins were converted to nitrocellulose by a Transblot 
apparatus with a L5°C cooling system (LKB-Produkter AB, Bromma, Sweden) 
at 90 V overnight. The nitrocellulose membranes were washed with 1% 
(vol/vol) Tween 2U-PBS (pH 7.2) at 370C tor 30 minutes and unoccupied 
binding sites were blocked by incubation in 3% (w/v) bovine serum albumin 

in Tween-PBS at room temperature [or 60 minutes on a rotating platform. 

MAbs diluted in Tween-PBS were added to the membranes, and they were 

incubated at room temperature for 2 hours. After the membranes were
 

washed with Tween-PBS, alkaline phosphatase-conjugated goat antil-mouse 

polyvalent Ig (Dakopatts, Glostrup, Denmark) was added. The incubation
 

was performed for 60 minutes at roomn temperature. Red purple color devel

opment was accomplished by incubating washed membranes in a mixture of 4 

mg B-naphthyl phosphate (Sigma Chemical Co., St. Louis, MO) and 60 mg 

O-dianisidine tetrazotized (Sigma Chemical Co., St.Louis, MO) (12,15) for 

5 minutes, then the filter was rinsed with tap water to stop the reaction.
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Molecular Weight Determination
 

The molecular weights of protein bands of S. typhi, S. paratyphiA and S. paratyphi B specific to mAbs 
on nitrocellulose 
filter membrane
were determined by comparing their electrophoretic mobility with known
protein markers as described by Weber and Osborn (16).
 

Antibody Production In Vivo
 

To obtain high yields of antibodies, the hybridomas were grownas ascite tumour in pristane-(2,6,l0,14-tetramethiylpentadecane, 
Aldrich

chemical Co., Milwaukee, WI) primed BALB/c J mice. Ascitic fluiddeveloped within 2 weeks after hybrid cells were injected intraperitoneally, and the oftotal 10-15 ml fluid per mouse could be withdrawn. 

Modified Double 
Antibody Sandwich ELISA 
for Efficiency Testing 
of
 
mAbs 

All monoclonal antibodies 
 in the ascitic fluid mixture wereprecipitatei 
by the addition of saturated (NH4)2SO4 to arrive at a final
co,:.-entration of 50%. The precipitate was dialysed against PBS, pH 7.2for 48 Hrs with five hanges of buffer and then stored at -200 C until 
used in ELISA.
 

The purified mAbs 
were 
diluted in 0.05 M carbonate buffer, pH
9.8, containing 0.1% sodium azide, 
to obtain the optimum protein 
concentrations. 
 One hundred microlitres 
of the solution 
was added into each
well of Microelisa ImmulonR plates 
 (Dynatech Laboratories, Inc.,

Alexandria, VA), 
 which were then incubated at 40 C overnight. After
that, the plates were washed 3 times with phosphate buffered saline-tween
20 (PBST)and tapped dry. 
 One hundred microlitres of 
Bp antigen or VBE at
various concentrations in PBST were added to each well and the plateswere incubated at c
370 for 
 3 hours. Each specimen was assayed induplicate. 
 After 3 washes with PBST, 100 of
ul the second antibody,
which was a rabbit anti-veronal buffer extract of the corresponding
Salmonellae diluted in PBST, 
were added to each 
well. The plates were
then incubated at 
 300 c for 2 hours. After washing, 100 ul 
of goat
anti-rabbit 
 g-alkaline phosphatase conjugate (Sigma Chemical Co., St.
Louis, MO) diluted 1:2000 in PBST containing 1% BSA were added to eachwell and incubated 40at C for overnight. The excess conjugate was
washed out times3 with PBST and 100 ul of substrate solution (p-nitrophenyl phosphate, Sigma chemical Co., St. Louis, 110) concentration 1mg/ml were added to each iell. The reaction was allowed to take place at370 C for 
1 hour and stopped by the addition of 25 
ul 3 M NaOH. The
absorbance 
value was read spectrophotometrically 
at 405 nm (Titertek
Multiskan , Flow Laboratory, GmbH, Bonn, West Germany). In each assay,negative 
control, conjugate control 
and substrate blank 
were also included. 
 One hundred microlittes of PBST were 
substituted for 
the antigen
in the 
negative control, for both 
the antigen and rabbit anti-VBE Ig in
the conjugate control 
and also for the conjugate in the substrate blank.
Several assays were performed with each andmAb the Student's t test was 
used for statistical analyses.
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RESULTS
 

By indirect ELISA using a panel of 12 Bp antigens, dried cell of
 

C. jejuni, Vi antigen and LPS, two hybridomas producing specific anti

bodies 	to protein antigens of S. typhi (STPI3, STPl4) and one each of
 
protein antigens
hybridoma specific to S. typhi Vi antigen (STViI4), and 


of S. p aratyphi A (SPA20) and S. paratyphi B (SPB20) (Table 1), were
 

selected for further investigation. Their origins (lymph node or spleen)
 

and isotypes were shown in Table 2.
 

Demonstration of Specific Protein Bands by Immunoblotting
 

The separated protein bands of S. typhi, S. paratyphi A, S.
 

paratyphi B, S. paratyphi C, S. cholerasuis, S. enteritidis, S. krefeld,
 

S. panama, S._ tyehimurium, E. coli, Ps. pseudomallei, Y. enterocolitica
 

on nitrocellulose filte: membranes were stained with immunoenzymes using
 

mAbs STPI3, STP14, SPA20 and SPB20 a.- : :pc,,ic antibodies.
 

The STPi3 and STP14 mAbs reacted only with one protein 	band of
 

S. typhi (Fig. I). The molecular weights of the teacting bands were
 

determined from a standard curve of Coomassie blue dye stained protein
 

markers on the same filter membrane which revealed that both bands had
 

the same molecular weight of 34.0 Kd and had the same relative mobility
 

of 	J.51. The S. typhi protein band which reacted with STPI4 was wider
 

Both mAbs could react very weakly
than the band that reacted with STPI3. 


with bands of protein of approximately the same molecular weight from
 

S. paratyphi C, S. cholerasuis and S. typhimurium (Fig.3,4A,4B), although
 

these weak reactions could not be seen in indirect ELISA. This 34.0 Kd
 

protein band also demonstrated that the separated protein bands of
 

S. typhi reacted with the sera from patients with typhoid fever and
 

who received parenteral acetone inactivated or heat
vaccinated subjects 

attenuated
inactivated-phenol preserved typhoid vaccines, or oral live 


S. typhi Ty2la vaccine.
 

The SPA20 and SPB20 couid react with several protein bands of
 

A and S. paratyphi B (Fig.2) The range of
corresponding S. paratyphi 

to was
molecular weight of protein bands specific SPA20 30-58.0 Kd and
 

and SPB20 showed no reaction to
for SPB20 was 30-56.0 Kd. Both SPA20 


other protein antigens in the panel (Fig.2,4C,4D).
 

Antigen Detection by Modified Double Antibody Sandwich ELISA
 

All mAbs were experimentally designed for detection of corres

ponding antigens at various concentrations. The results were shown in
 

that both STP13 and STPI4 could detect the protein antigen of S.
Fig.5,6 

typhi approximately at the concentration of 0.6 Jig/ml (p(O.005), the
 

SPB20 could detect less than 0.1 Ag/ml (p(O.001) of S.
STViI4, SPA2U and 


typhi Vi antigen, protein antigen of S. paratyphi A and S. paratyphi B
 

respectively.
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DISCUSSION
 

Five monoclonal antibodies, (STPI3, STPI4, 
STViI4, SPA20, SPB20) 
were
established. 
 STPI3 
and STPI4 was shown to be specific to protein bands
of S. t_phi at a molecular weight of 34.0 Kd by the immunoblotting technique. The pattern of the stained bands was not exactly the same; theband which reacted with STPI4 was wider than that which reacted withSTPI3, which suggests that both mAbs are not exactly specific to the sameepitope of the protein antigen, since the band separated by SDS-PAGE maycontain the same molecular weight protein but has a different amino acidcomposition. The SPA20 and SPB20 were specific to 34-58.0 Kd proteinbands of S. )artyphi A and 30--56.U Kd protein bands of S. .aratyphi B 
respect lye ly. 

To confirm the specificity of these protein-specific mAbs, immunoblotting was performed with panel antigens 
of 12 DacLeria. The 
STPI3 and
STPI4 showed unexpectedly 
weak reaction with Bp of S. paratyphi C,S. cholerisuis and S. typhimurium. 
 These cross reactivities were notfound in indirect ELISA which suggests that the hidden epitopes of Bp-STare exposed after the protein has been separated by the high resolvingpower of SDS-PAGE, then are enharced by the sensitivity of immunoblotting
in comparison with the indirect ELISA in the solid phase. However, theSPA20 and SPB20 showed rno cross reactivity with other protein in the 
panel. 

The detection of specific antigens by STPI3, STPl4, STVil4, SPA20 andSPB20 mAbs should be very useful for serodiagnosis of patients withenteric fever. 
 weak cross reactivities
The of STPI3 and STPI4 with protein antigens of S. paratyphi C, 
S. cholerasuis and S. typhimurium in 
the
immunoblotting are so minimal that they should not interfere with otherless sensitive conventional tests used in routine diagnosis and shouldnot be 
considered great disadvantages. 
 With regard to the effects of the
test on patient treatment, these cross reactivities should not interferethe plan of treatment because antibiotic therapies among these 4 bacteria 
are very similar (5). 

To detecmine the ability of the established mAbs for Salmonellae
antigen detection, modified double antibody sandwich ELISY was performedvarious concentrationswith of antigen. The ELISA could detect verysmall amounts of antigen i.e. 0.6 Aig/ml for STP13 and STPI4, ( 0.1 Ag/mlfor SrVil4, SPA20 and STB20. 
 In view of these results, the sensitive and
specific established mAbs make more considerable potential reagents foruse in tests for detection of specific Salmonella antigens in the specimens of patients with enteric fever 
than the conventional polyclonal

antibodies.
 

The evidence of the 34.0 Kd protein band that was demonstrated whenBp-ST reacted with sera 
of typhoid patients and vaccinees 
who received
different 
kinds of typhoid vaccines suggest 
that the 34.0 
Kd protein
antigen plays 
a 
role in the immune response against 
S.typhi. Hence,
purified 
34.0 Kd protein 
of S. typi is required as an essential structural probe 
 for dissecting 
 the basic mechanisms 
 of the immune 
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potential application as
 and also should have a 
to this organismresponse 	 immune resthe 	cell-mediated 


skin-test reagent for testing 

a specific 	 purificationstudies concerning the

vivo. Further 
ponse to :.typhi in 	 and STPI4

Kd protein by using STPI3
of this 34.0

and characterization 	 patients' specimens are 
of all mAbs with 

mAbs as well as clinical trids 

our laboratory.in progress in 
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-------------------------------------------------- -------- --------------------------

I 0 LQ (D
rt 

LaDOH-(DI-' -m 

0 0.0 0ai 0t 0-h
w3Clone 

0.12 0.14 0.15 0.17 0.17 0.13 
0.13 0.12 0.12 0.11 0.13STP13 1.13 0.15 0.11 0.15 

0.13 0.17 0.13 0.13 0.13 0.13 0.13 0.12 0.13 0.13 0.15 0.14 0.17 -
STP14 1.61 0.16 

0.18 1.89 
0.19 0.17 0.16 0.18 0.19 0.13 0.12 0.16 
STVi14 1.15 0.17 0.17 0.28 0.18 


0.500.13 0.13 0.13 0.15 0.14 0.13 0.16 - 
0.15 0.12SPA20 0.15 1.71 0.13 0.12 

- 0.630.14 0.14 0.13 0.14 
0.11 0.13 1.11 0.13 0.11 0.13 0.12 0.13 0.12SPB20 

specific Panel Antigens.
Table 1. ReactivitieS of Monoclonal Antibodies to 



-------------------------------------------------------------------

-------------------------------------------------------------------

Clone Isotype Specificity Source of
 
immune cells
 

STP13 IgG2aK protein lymph node
 

STPI4 IgGIK protein spleen
 

STVil4 IgGIK Vi spleen
 

SPA20 IgGIK protein spleen
 

SPB20 IgGIK protein spleen
 

Table 2. Characteristics of Established Monoclonal Antibodies
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Figure 1 Immunoblot Analysis and Immunoenzyme Staining Patterns 
of Bp Antigen from S. typhi,(1), S. paratyphi A (2),. 
S. paratyphi B (3) and S. paratyphi C (4). The membranes 

were developed with the homologous antisera produced in 

mice (A), STP13 (B) and STP14 (C). The weak cross reacti

vities of both mAbs are seen in S.--aratyphi C patterns. 4 

Ip 

Figure 2 	Immunoblot Analysis and Immunoenzyme Staining Patterns 

of Bp Antigen from S. typhi (1), S. paratyphi A, 
S. paratyphi B (3) and S. paratyphi C (4). The membranes 

were developed with SPA20 (D) and SPB20 (E). 

.v
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Figure 3 Immunoblot Analysis of Bp Antigen fromg. t (1)5. Tholerasuis 
(2), S. enteritidis 
, 

(3), $. krefel (4),J. panama (5), s. tyhimurium (6), E. coli (7), Ps,SPPollQL (8) and Y', (9). Each 
antigen (50 or 100 ug per ]and) was run in an SDS-PAGE
and transferred to nitrocellulose membrane and reacted
with their homologous antisera produced in mice. 
 The
 
alkaline Phosphatase-labelled goat anti-mouse Ig 
was

used as a second antibody.
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Figure 4 (A, B, C, D) Inmunoblot Analysis and Immunoenzyme
 

Staining Patterns of the Same Antigens Shown in
 

Figure 3, except S. paratyphi A was replaced for
 
S. typhi in (C) and S. _paratyphi B for S. typhi 
in (D). All antigens reacted with mAb STP13 (A) 

STPI4 (B) SPA20 (C) and SlIB20 (D). In A and B, 

the weak cross reactivities are observed in 

S. cholerasuis (s) and S. typhimurium (6) strains.
 

OWI 

-OF, 

1234 56 A 89
 

Figure 4 B
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Figure 4 C 

izii 

Figure 4 D
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< 0.8 
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0.4 
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0.1 O's 5 1'0 2'0 50 

Antigen concentration 	 (iglml) 

Figure 5 	Detecti-n of Antigen of S. typhi by STP13 (.) STP14 (o)
 
and STVtI4 (x) Using Modifie, Double Antibody Sandwich
 
ELISA. v axis: various concentrations of protein antigens
 
(for STP13 and STPl4) or VBE antigen (for STVil4) of 

S _yphi in jug per ml. x axis: the mean of optical. 
densities (OD) at 405 nm.
 

1.9. 

1.8 	 EPA 20 o 

1.e 	 B8 20 

1.4 

1I.2, 
C 

1.00 

S0.8 

0.6 

0.4 
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0 	 .1 0.5 1 5 ,o 20 so 

Antigen concentretian (jpg/mi) 

Figure 6 	Detection of Bp Antigen of a. paratyphi A by SPA20 (o)
 
and S. paratyphi B by SPB20 (o) Using Modified Louble
 
Antibody Sandwich ELISA. y axis: various concentrations
 

of the Bp antigen of S. paratyphi A or q, fayatvjh B
 
in ug per ml. x axis: the mean of optical densities (OD)
 
at 405 nm.
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'RI-PLASMID ROOT CULTURE AS A POTENTIAL SUBSTRATE FOR IN VITRO PROPA-


GATION OF MYCORYO1IZAL FUNGIO (5.244)
 

MALEE SUWANA-ADTH, POONPILAI SUWANARIT, TANUSRA VINOTHAI, YUPA MONGKOL-
SOOK AND RAPEEPAN CHEEVATHANARAKSA
 

Kasetsart University, Bangkhen, Bangkok 10900. 

ABSTRACT 

VA mycorrhizal fungi are normally maintained and propagated in pot 
cultures with their host plants. Growth in artificial media was not
 

possible while limited growth has been obtained with root cultures of 
tomato (Miller-Wideman and Watrud, 1984.) due to root thickening or 
lignification and thie presence of few lateral roots.
 

ThLs project attempted to use tumour-inducing bacteria to activate
 
root formation to obtained and maintain active root culture system with 

large number of lateral roots in order to facilitate penetration arni 
growth of mycorrhizal fungi. Ri-plasmid habouring bacteria, Agrobacterium 

rhizogenes, was found to be effective in inducing root formation in car
rot, potato and certain legumes, particularly peanut. Root cultures
 

could be maintained and propagated successfully with a high number of 
lateral roots. Infection of potato root cultures with Glomus fasciculatus 

was also obtained. Future research plan includes studies of effective
ness on mycorrhizal root inocula as well as induction of sporulation 

under the two-member (root-mycorrhizal fungus) culture system.
 

INTRODUCTION
 

VA mycorrhizal fungi, which form symbiotic association with plants, 

can not be propagated in artificial media but have been shown to infect 
root cultures of tomato (Miller-Wideman and Watrud, 1984). Infection was,
 

however, constrained oy root thickening and lignification as well as by 
limited [ormation of lateral roots. Furthermore, the cultivation of 

roots depended on plant hormones in the culture medium. 

On the other hand, Agrobacterium is known as an oncogenic agent and 

can neoplastically transform cells of many kinds of plants into tumour
 
cells. Agrobacter ium- induced tumours can be removed and cultured in
 

vitro where they can continue to grow indefinitely (Hooykaas and Schil

peroort, 1986).
 

It i t.herefore, proposed to use Agrobacterium to induce and accele

rate root- frinati jn in s- Iectd plants and to develop bacteria-free, 
fast-qrowin, (tuinoilr) root cel I iine.; suitabLe for mycorrhizal associa

tionL; wit. Isf ul 'vA mycu rn i i .il [IInJi. The two-member root mycorrhizal 
fungus ctJlt Mie -:Mt.lmcuu ,L * ,luet I y be used to propagate aseptically 

VA mycor r r l <, fui j i i fl(!II. 
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MATERIALS AND METHODS
 

Bacterial Cultures
 

Agrobacterium tumifacicus ATCC 15955 and AgrobacteriuATCC 15834 were m rhizogenesobtained 
from 
the American

U.S.A. through the 	

Type Culture Collection,Bangkok Microbiological Resource for 	 SE Asia at Thailand Institute 
of 	Scientific 
and 	Technological Research, Bangkok,
land. 	 Thai-
The 	cultures 
were maintained 
in 	 a nutrient 
agar medium under
 
refrigeration.
 

VA 	Mycorrhizal Fungi
 

Glomus fasciculatus KUMD 8605 was isolated 
fields and 	

from soils in legumeshown to infect mungbean and potato 
in pot culture.
 

Plant Materials
 

Model plants used were 

plants were 

carrot and potato. Other tested tumorfive different leguminous plants, i.e. 
soybean, mungbean,
peanut, winged bean and sugar pea. 

Tumour Indication
 

Fresh carrots and potatoes were peeled and washedsurface-steriled 	 clean andaccording to the procedures of Lippincott (1969).were then aseptically Cut 	 Theyinto disks 0.5 cm thick and 0.1 cm in 	 diameter.Legume seeds were 
similarly treated 
and 	allowed to germinate.
were implicated 	 Woundson 	 the seedlings. Inoculation was 	 performed by 	 droppingtwo 	 drops 10 9of cell suspension to the 	 cut tissue (disc) surface or 
the 	cut wound.
 

Nutrient Media for Root Cultures
 

The 	 growth media for root cultures were modified from Murashigeand 	Skoog (1962), 
without the addition of plant hormones.
 

RESULTS AND DISCUSSION
 

Phytogenicity of Agrobacterium
 

Both A. tumifacicus 
and 	A. rhizogenes caused tumour
mation 	 growth forwhen tested with the potato model tissue system. A. tumifacicusproduced unorganized compact 
clumps of 
tissue growth which were hard
brittle 	 and
in 	 texture while 
A. rhizogenes produced
roots (Figure 	 white tender lateral
1). A. rhizogenes 
was chosen 
for 	 further studies 
with
 
other test plants.
 

Susceptibility of Test Plant 
to A. rhizogenes Infection
 

Infection experiments revealed 
that soybean seedlings showed
response while 	 nowinged bean seedlings showed slight abnormal fluffy cell 
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differentiation at the wound sites. Mung bean, peanut and sugar pea
 

showed positive response with varying degrees of tumour root formation. 

Transplants of tumour roots, after bacterial decontamination by 

successive cultivation on a carbenicillin-containing medium, was most 

successful with peanut (Figure2) and with the two model systems of potato 
and carrot. Root tumour cell lines of peanut, potato and carrot could be 

and are being maintained through periodic transplantation. 

VA Mycorrhizal Infection of A. rhizogenes-induced Root Cultures
 

PoLato tunour root cultures with extensive branching and root 

hair formiation, were used, initially, to develop the two-member (root-VA 

mycorrhizal figIV)us) culture system. It was found that A. rhizogenes 
induced rool wete susceptible, as hosts, to mycorrhizal association with 

the test fUmvjus, GloIius LdsciculatUs (Figure 3). 

CONCLUSION
 

I. Bacteria-free hairy-root tumour cell lines of carrot, potato and 

peanut have been succnssfiul ly developed and maintained. 

2. Root cultures with extensive lateral root formation could be 

successively transplanted and propagated to obtain effective in vitro
 

substrate for cultivation of mycorrhizal fungi based on the two-member 

culture system of potato tumour root and Glomus fasciculatus. 

FUTURE RESEARCH PLAN:
 

I. Studies on the eftectiveness of the mycorrhizal root inocula.
 

2. Induction of sporulation of mycorrhizal fungi.
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Figure 1 Tumour Formation on Potato Disc
 
(a) control 
 (b) infected with A. tumifaciens
 
(c) with A. rhizogenes
 

Figure 2 


00 

Figure 3 
The Root- VA Mycorrhizall
 
Fungus System of Potato
 
and Glomus fasciculatus
 
Showing Vesicle Formation
 
(arrows).
 

Bacteria-free Transplant

of Tumour Root of Peanut
Seedling
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ABSTRACT
 

Monoclonal antibodies were raised against the blood stages of the 
malaria parasite, Plasmodium vivax. Based on IFA patterns, these mono
clonal antibodies (MAB) could be classified into 5 groups. Group I MAB 
gave bright, generalized staining of all blood stages. Group I MAB 
reacted strongly with merozoites or their organelles. Group III MAB 
reacted intensely around the perimeter of individual merozoites with the 
intraschizont inerozoite3 taking the form of a cluster of grapes. GLuup V 
MAB reacted strongly with the surface of trophozoites and schizonts. 
Group VII MAB reacted irregularly with parasites and internal compo

nents. By using SOd i.Ur-. dodecyl sulfate-polyacrylamide gel electro
phoresis and Western blot analysis with l25i-antimouse immunoglobulin, 

these monoclonal ant ioodies to P. vivax reacted with proteins uf several 
molecular weights comprising Mr. > 200,000 (PV > 200), 135,000 (PV 135), 
115,0U0 (PVII5), 10J,00U (PVIU0), 95,000 (PV95), 85,000 (PV85), 39,000 

(PV39), 36,0U0 (PV3b), and 30,000 (PV30). The IFA patterns and the tar
get antigens related to these monoclonal antibodies are now being inves
tigated for further study of the antigenic diversity of P. vivax.
 

INTRODUCTION
 

Malaria remains prevalent throughout tropical and sub-tropical areas 
ondr dlmost one-third of the world's population is exposed to the risk of 

infection. The number of estimated malaria cases is 150 millions per 
year. The mortality and morbidity directly attributable to malaria con
stitute major constraints on econemic progress in the tropical and sub

tropical areas of the world (1). Failure of global eradiacation is 
attributable primarily to the practical difficulties of implementing an 

appropriate programme in countries that have a relative lack of public
 

health facilities. These practical problems have been compounded by the 
spread of insecticide resistance in mosquitoes, by alterations in vector
 
behavior and especially by the widespread appearance of chloroquine
 

resistant strains of malaria parasites (2).
 

Another factor which could contribute to the maintenance of malaria 

transmission in the endemic areas is the carrier. Such carriers can be 
found in both P. falciparum and P. vivax infection. Vivax primary 

attacks, if untreated, may last for three weeks to months or longer. As 

the attack wanes, paroxysms may become less severe and are irregular in 

periodicity. In perhaps half of all cases, relapses occur following a 

period of weeks, months or even years without symptoms causing a latent 
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infection 
and persisting 
low grade parasitaemia 
(3).
state This asymptomatic
may have following negative effects 
including maintenance of
mission transin the endemic area, and 
development 
of recrudescence
patients with the
becomes debilitated, 
 perhaps 
 from intercurrent 
infection
inimunosuppression. or
Besides, 
if 
at any time blood fro'
used for such a patient is
a transfusion, 
the recipient 
will unfortunately 
experience 
a
typical attack of 
quartan malaria 
(3).
 

At present, little is 
 known about 
the nature of
theory the relapse.
is that One
malaria parasites 
occur 
as two populations,
in the one developing
liver to produce merozoites 
which invade 
the blood after the
mal prepatent period of nor7-8 days, and 
the remaining
cells for in the parenchymal
periods in a 
form of 
 arrested development,
'hypnozoites', the so called
which ultimately complete 
their development
relapes (4). It is and cause
not clear whether these two
different, forms are antigenically
and if this 
is the case, it should be possible to
between these distinguish
strains by typing 
with a panel of
initial MABs the strains causing
parasitaemia 
and the strains causing 
recrudescense.
tives The objecof this study are: first, 
to produce 
and characterize
clonal antibodies with these monorespect to the size of the antigenic molecules to
which they 
 react; seccndly, 
 to determine 
whether

diversity among 

there is antigenic
different 
strains 
of P. vivax 
using an indirect
cent antibody test and fluoresa 
panel of monoclonal 
antibodies and 
to investigate whether distribution of different antigenic types
graphical locations is related to geoand thirdly, to 
 demcnstrate 
whether
recrudescent the strains
after anti-malarial 
drug therapy are the 
same 
or different
from those causing 
initial clinical symptoms.
 

MATERIALS AND METHODS
 

Preparation of P. vlvax Antigens
 

Enrichment 
of P. vivax infected RBCs
SEC-G-25-Percoll was achieved by using the
method described recently 
(5). Blood
heparinized was collected
tubes (15 IU heparin/ml) from 86 
in
 

001-PV086) vivax malaria patients (PV
admitted 
to the 
Hospital for Tropical Diseases during January
1985 and February 1987. 
 The specimens 
were either 
processed immediately

or 
stored overnight at 40 c. 

A one ml aliquot of heparinized whole blood 
was
column containing passed through a
an 
equal volume of sulfoethyl cellulose
G-25 previously equilibrated and Sephadex
with phosphate buffer pH 7.5. The 
column
was then washed 
with approximately 
40 ml 
was of the buffer until
free from the column
RBCs. 
 The eluate 
was centrifuged, 
the supernate removed
and the cell sediment 
restored 
to 50% hematocrit.

from several The cell suspensions
tubes 
were pooled and 
two ml each was layered on
continuous top of disgradients comprising successive 
layers of two
60%, 50% ml each of 75%,
and 40% of Percoll 
in the 
same buffer. 
 After centrifugation at
2,600 rpm for 10 min 
at 200c, two and sometime three bands
tained. were ob-
The first and second bands were 
located 
in the layers of 50%
60% Percoll and
and the third 
in the interface 
of 60% and 
75% Percoll.
cells The
in the first and second bands were 
pooled and called 
'upper band',
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whereas the third band was called slower bands. Smears were made from
 

the blood prior to passage through the column and after Percoll gradient
 

centrifugation, stained with Giemsa and the results examined by light
 

microscopy. Cells in the upper and lower bands consisted of both tropho
zoites and ring stages with more mature trophozoites and a relatively
 

higher percentage of trophozoites in the upper band.
 

Production of MAB:
 

Three-eight week old BALB/c mice were immunized at different 

time periods each with five to six intraperitonea! injections of washed 
75x10 - 1x10 8 parasites copsisting mainly of rings and trophozoites 

of P. vivax emulsified in an equal volume of Freund's complete adjuvant 
initially and an incomplete adjuvant subsequently at an interval of 1-2 
weeks. At a time when high anti-blood-stage antibodies were detectable 
in their sera, the mice were immunized intravenously for one week with 

8
1x10 washed parasites in physiological saline. Spleen cells taken 

from the mice three days after the last immunizing dose were fused with 
Sp2/0 myeloma cells (6) according to the techniques of Galfre and 

Milstein (7) with minor modification]s. MABs produced were screened by 
the indirect fluorescent antibody test.
 

Indirect Fluorescent Antibody Test (IFAT)
 

Blood smears were made from washed blood from patients with 
vivax malaria in both ring and trophozoites stages. The IFAT assay was 

carried out using acetone-fixed blood stages of appropriate isolates as 

antigens (8). After 2 hours of reactions with the MABs, the washed 
slides were stained with fluorescein isothiocyanate-conjugate goat anti

mouse Ig (GAM) for one hour and the results were examined.
 

Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-


PAGE) and Western Blot analysis
 

Electrophoresis was carried out in a vertical slab gel apparatus 

(BioRad, U.S.A.) using the Laemmli and Favre method (9). After electro

phoresis, the gels were cut and used for protein staining or electro

blotted onto a 0.45 um nitrocellulose membrane (Bio-Rad Laboratories, 

California, U.S.A.) according to the Towbin et al. method (10). After 

blotting, the unchanged sites on the membrane were blocked by soaking the 
strips in phosphate buffered saline containing 3% gelatin and treated 

with 2 ml MAB at 260 C for 2 hours. The strips were then washed 5 times 
1 2 5I
with PBS containing 0.05% Tween 20 and then treated with labeled
 

anti-mouse immunoglobulin (Amersham, England) at 260 C for 30 minutes.
 

Nitrocellulose strips were washed as above, dried and autoradiographed on
 

Kodak XOOmat RP films (Eastman Kodak Co., N.Y., U.S.A.) with a Kodak
 

X-Omatic Casette at -70 0 C.
 

RESULTS AND DISCUSSION
 

Based on their ijmunofluorescent reactivities demonstrated with P. 

falciparum, the anti-P. vivax MABs were categorized in groups I, II, III, 
V and newly designated group VII. Group I MABs produced uniformly bright 
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generalized staining of 
all blood stages. Group II MABs 
reacted strongly
to merozoites 
within schizonts 
as well as organelles. Group III MABs
reacted 
to the surface membranes 
of merozoites 
with the appearance
cluster of grapes. of a

Group V MABs 
reacted strongly to 
the surface of
schizonts and trophozoites. Group VII MABs 
reacted irregularly to 
parasites and internal components. 
 The number of monoclones 
and their IFA
 

patterns is 
given in Table 1.
 

Table 1 Monoclones and Their IFAT Staining Patterns
 

Group 
 Staining patterns 
 Number of
 

monoclones
 

I Bright generalized staining of 
all
 
blood stages 


67
 

Strong
II reactions to merozoites as 
 21
 
well as organelles
 

III 
 Strong reactions 
to the surface
 
membranes of merozoites with the
 
appearance of cluster of grapes
a 


5
 

V 
 Strong reactions 
to the surface
 
of schizonts and trophozoites 16
 

VII Strong irregular staining of 
internal
 
components of trophozoites 


46
 

Some of these MABs with 
the same 
pattern of fluorescence 
have been
further characterized by Western blot 
analysis (Table 2).
 

Table 2 Western Blot 
Analysis of the Molecules 
of P. vivax Antigens

Reacting with Some Anti-P. vivax Monoclonal Antibodies
 

Molecules of 
P. vivax antigen in 
 Number of monoclonal
kilodalton to 
which monoclonal 

antibodies
 

antibodies 
react
 

PV30 K 

4
PVIOO K 

2
 

PV >200 K 

3
 

PV135 K 3
 
PVII5 K, PV95 K, PV85 
K, PV39 K, PV36 K 
 14
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CONCLUSION
 

This project has been successful in the producting 155 hybrids
 
against P. vivax. These hybrids recognized at least 10 antigenic mole
cules. Further characterization of these MABs is in progress. We hope
 
that some of these MABs recognized different epitopes of P. vivax anti
gens. A panel of these MABs would help in the demonstration of diversity
 
of this plasmodial species.
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BACKGROUND
 

Snake venom poisoning remains an important health problem in Thailand

and many other developing countries. Although specific horse 
antivenins
against major poisonous snakes are available in most of these countries, 
a significant fraction 
of snake bite victims 
die and many who survive
 
suffer some degree of permanent injury.
 

In the man;gement 
of snake venom poisoning, at least two 
important
problems are encountered and 
need to be overcome. First, the 
identifica
tion of 
the snake species is extremely important 
but difficult 
in the
absence of the culprit snake, 
This is so because many snakes of 
the samefamily produce chemically and pharmacologically similar toxins leadingto similar clinical signs and symptoms I . Immunochemically, however,these toxins are distinct and the specific antivenin must be used for
neutralization. Polyvalent horse antivenin has not been produced as yetin Thailand and the currently used monovalent antivenins 
show insignificant cross-neutralization2 . 
 Thus, species diagnosis of the culprit

snake is 
of utmost importance to the physician in charge of snake 
venom
 
poisoned victims.
 

The second major problem involves the quality of the 
horse antivenin

used in the treatment of snake bite 
victims. The antivenins available

until recently have 
oeen crude horse "hyperimmune" sera. These 
sera are
of low neutralizing potency and thus 
a 
large volume (30-600 ml) of these
 sera must be administered 
in an average poisoning case 3 . It 
is not
surprising 
that a high incidence (30-50 %) of hypersensitivity 
reactions
 
has been observed in patients receiving the horse sera 4 ,5
 .
 

This project ir.volves 
sevw ral research activities which, dicectly 
or

indirectly, will help solve or 
alleviate the problems mentioned abo'7p.
 

A. Purification 
and Characterization 
of Elapid Postsynaptic Neuro
toxins 

Elapid postsynaptic neurotoxins are highly potent 
toxins of
snakes in the Elapidae family; 
they bind specifically and strongly with
acetylcholine receptors 
at the neuromuscular junction6 . This binding

leads 
to inhibition of neuromuscular transmission and 
muscular paralysis

and death by respiratory failure. These 
toxins are therefore the most
important components in 
these venoms and thus, 
are the targets in many
aspects of 
this research. 
 The pure toxins are 
needed for several studies
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e.g., ELISA of anti-toxin antibody assays, specific chemical modifications to increase their immunogenicity, studies on the mechanism of toxinneitralization using monoclonal antibodies etc.
 

For these studies, 
 the principle postsynaptic neurotoxins ofN. siamensis, 
B. fasciatus and 
0. hannah 
have been purified. 
 In the case
of 0. hannah, two toxins have been purified and are currently beingcharacterized with respect to their amino acid compositions and theiramino and carboxyl terminal residues. A previous attempt 7 of suchcharacterizat ion has been reported but the results appear equivocal.
Monoclonal antibodies against the single major neurotoxin of N. siamensishave been produced and we are beginning to produce similar reagentsagainst the other 
elapid neurotoxins. 
 These will greatly assist in the
characterization and 
in neutralization studies.
 

B. Immunochemical 
Studies 
of the Venoms of Six Poisonous Snakes of
 
Thailand
 

By means of SDS-polyacrylamide gel electrophoresis and immunoblotting, the venoms of the six poisonous snakes of Thailand have beencharacterize(d in terms of the molecular sizes, abundancies, immunogenicity and immunological cross reactivities of the protein constituents ineach venom. The data obtained not only provide useful information on thevenom components of the Thai snakes but also give direct evidenceaccounting 
 for 3ome puzzllIng previous observations. For example, thefrequently observed difficulty in producing high potency antiveninsagainst the elapids cain now be rationalized in terms of the extremely lowimmunogenicity of the elapid postsynaptic neurotoxins. The data alsodemonstrated a lack of immunochemical cross-rPaction, of rabbit heterologous antisera towards 
elapid postsynaptic neurotoxins despite considerable cross reactions of 3thers in consequential venom .rcteins, which hasbeen inferred based upon clinically observed absences of cros:3- neutralization of horse antivenins against closely 
related snake species.
 

The identification 
of venom proteins which 
cross-react
heterologous antisera will be useful in the development 
with 

of an immunodiagnostic test for 
 snake venoms. 
 These cLoss-reacting 
 venom proteins
represent the 
greatest source 
of ambiguity in any immunological species
diagnosis. 
 Thus, should such complications arise 
in the development of
immunodiagnostic 
tests, attempts will 
 be made to specifically 
remove
these cross reacting-proteins, enabling 
a monospecific antisera which do

iiot cross 
react to be prepared
 

C. 
 Development of Immunodiagnostic Tests for Snake Venoms
 

Various immunodiagnostic 
tests for 
snake

8 venoms have previously
been developed . Most 
of these tests 
are ELISA-based 
which is useful
but not without problems 9 . It is anticipated, however, that for a testto be useful in developing countries 
it must incorporate other properties
in addition 
to the required 
speed, sensitivity 
and specificity. For
example, it must 
be simple and require no 
special equipment or expertise;
it must be cost-effective relative to the local per capita income; itshould be stable in 
the climate, and 
under storage and transportation
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conditions which may be far from optimal. For these reasons the immuno
diagnostic tests being investigated under this project are based on
passive hemagglutination (PHA) and reverse latex agglutination (RLA). 

Using the Protein A purified rabbit polyclonal antibody, a PHA 
test and a RLA test for the six snake venoms have been developed. The
sensitivity of the PHA test is about 0.4-8 ug venom per test while that
of the RLA test is about IUU times more sensitive. This sensitivity
should be aoequate since considerably higher concentrations of venom
been found in pat. ient-.s. Cross react ion was observed only 

have 
in 500-1000 

[old hig her conrient rat ions of the heterologous venoms. Between the PHA 
and RLA tests, the sensitized latex particle showed additional advantage 
over the :;eu.iait j S}RiW n that they are stable in cycles of freezing,
thawmngq-IIn i Iyopu 1''zat I(AI. The antic ipated problem of nonspecific
interference res;uiJt ing from heterophile antibodies particularly prevalent
in sera r Ojple ha a largely been solved. The tota , test time ofof I proi 
the RLA te-;r i: I mintites. 

Tnhe R!,A J iv;t will field testedleloped tx usi ig ;erum or wound
aspirate.; of vic Ims of snakI, bites and the accuracy of the test 
de. e r mi ned. 

D. Development of an In Vitro Assay of Antivenom Potency and the 
Improvement of 
the Quality of Antivenins
 

As briefly mentioned above, low potency antivenin in the form of

crude horse serum is, currently being used in 
 Thailand for the treatment
 
of snake venom poia;Inng. Some 
 attempts have been made by the Government
Pharmaceutical Orgarization of Thailand to produce pepsin-digested, ammo
nium sulfate precipitated "refined" 
 globulinl 0 with approxir.ately 50% 
recovery of antibody activity. Because of the 
severe shortage of the

crude horse antiserum, the overall benefit of this refinement becomes 
questionable. Thus methods should be found for the preparation of more 
highly potent antivenin by using better immunogens, better adjuvants
and/or immunization schedules. In addition, optimization of the pepsin
digestion and fractionation of the resulting F(ab)' 2 should be made so 
that the purity and recovery of the antibodies could be the highest pos
sible. Experiments leading to suih improvements become almost impossible
without a simple, accurate, rapid and economical assay for the potency of
 
the resulting antivenin. 
 The currently used in vivo neutralization assay

using mice is extremely laborious and expensive and limits the number of
conditions that can be investigated. An in vitro assay of antivenom 
potency based on ELISA is therefore under study ii our laboratory.
 

For the use of cobra crude venom, partially purified neurotoxin 
or purified postsynaptic neurotoxin, an ELISA for 
the quantitation of

horse antibody against the snake venom/toxin has been set up. A dozen 
batches of horse antivenin against cobra venom are 
being assayed using

both the ELISA described above and the in vivo neutralization assay to 
estimate the correlation of 
these two assays. The results obtained so far
 
are quite promisLng. Thus, this ELISA may be a useful replacement for 
the in vivo neutralization assay.
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Anticipating the validity of the ELISA for the quantitationhorse antitoxin antibody, various 
of 

immunogenic forms of cobra
the postsynaptic neurotoxin 
are being prepared. These immunogens will tried
in groups of rats using be
different adjuvants and immunization schedules.The test 2-3 immunogens will be used for" further study in larger animals. In addition, procedures for the fractionation of horse antibodybefore and 
after pepsin digestion are being explored. Although high
purity and recovery of the antibody 
are desirable, only procedures
are economical e.g. , reusable, that

and adaptable to large scale(more than 50
litres of serum) are being explored.
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A BSTRACT 

A total of 413 strains of halotolerant yeasts were isolated from 285 
samples of various products. And 261 -trains 
were chosen from 690
 
strains in stock 
 culture. All halotolerant 
 strains obtained were
 
screened for potent strains to be used for hybridization with high etha
nol producing strains of Saccharomyces cerevisiae at 
two levels of sodium 
chloride, 5 and 17 %. Strain 251, S013, S037, S065 and S090 were selected
 
at 5 % 
NaCI. And at 17 % NaCl, strain 356, 370, 126 and 130 were
 
selected. From nine strains of high 
ethanol producing S. cerevisiae,
strain M30, AM. and Sc9U were selected since they produced high ethanol 
at 400 C.
 

Successful protoplast fusion was 
obtained from the crosses of 
strain
 
251 and AMI2, S037 and AMI2, S090 and AM12 and S037 and Sc90. A total of 
15 hybrid fusants were isolated from selectiv regeneration media.
 
Ethanol production by 
these fusants in a salted molasses medium at 400 c
 
is being investigated.
 

INTRODUCTION
 

From our own investigation and 
 personal communication with local
 
alcohol distilleries in northeastern and southern areas of Thailand where
 
fresh water is scarce and brackish water is used in the mashing process,
fermentation proceeds slowly and efficiency is reduced by about one-half. 
This is due to many complications, 
one of which is intolerance of the
 
yeast strain employed to the 
high salt concentration of the fermentation
 
mash. To solve this problem, the high ethanol-producing yeast strains
 
employed in the mashing process 
must be modified to have halotoleration.
 
Protoplast fusion is a novel means 
of hybridizing yeast that 
are either
 
impaired in mating and spore formation or lacking a sexual phase alto
gether(5). Industrial 
strains of yeast normally fall into this cate
gories. Although the concepts and techniques are well known, the hybri
dization of yeasts for the two 
distinct characteristics of halotolerance
 
and high ethanol production has not yet 
been reported. Therefore, this
 
work aims to construct a new hybrid from 
 two different foundation 
strains, namely halotolerant and industrial ethanol producing strains 
through protoplast fusion techniques.
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MATERIALS 	AND METHODS
 

Isolation and Collection of Halotolerant Yeasts
 

Halotolerant yeasts were 
isolated 	by enrichment techniques using
salted molasses media (molasses of 10 or 	 5 % sucrose-equivalalent sugarconcentration, 5 or 
17 % sodium chloride corresponding to 
sugar concentration 
and 0.05 % ammonium sulfate) at 37 and 400c. Various 	yeast
strains 	 in stock culture were collected and selected for the 	 halotolerantstrains 	 based on the ability 	of growth in molasses medium containing 5 % 
NaCI, at 	4 00c.
 

Screening 	of Potent Halotolerant Yeast
 

Screening was carried out at 5 and 17 	 % NaCI and at 400C. At5 % NaCI, the composition of medium used was 	 molasses of 20 % 	sucroseequivalent sugar concentration, 5 % NaCl and 0.05 % ammonium sulfate. At
17 % NaCl, medium consisted ot t % 	sucrose equivalent sugar concentration, 17 	 % NaCi and U.U5 	 % ammonium sulfate was used.
 

For the standing tube culture, 
 the incubation period was 48 or96 h. In the standnjg and' shaking flask cultivation, 200 ml of medium in500 Erlenmeyer flask wece used. The incubation of the 	 shaking flaskcultivation was performed on rotary shakers at 70-80 rpm. Cultivation infermenters was 
carried 	out in 5-liters 'ermenters using 3 liters working
volume. 	 Initial pi at 4.5 and 200 	 rpm agitation were used. 

Collection 
 and Screening of 
 High Ethanol Producing Strains 
 of
 
S. cerevisiae
 

High ethanol prooucing strains being used in this work aiLe shown 
in Table 	1.
 

For primary screening, 
 ethanol 	production in molasses 
media
(molasses of 
20 % sucrose equivalent sugar concentration and 0.05 % ammonium sulfate) was cartied out using 
slow shaking flask cultivation,
350C. For final screening, ethanol 	
at
 

production 
 was carried out 

fermenter 	at 
4U0 C using the same media. 

in
 

Isolation of Auxotrophic Mutant
 

Cells were mutagenized by treatment with ethyl methane 	 sulfonate(EMS) following 
the Fink 	method 
(2) with 	some modifications. 
 The treatment of 	spores by 
EMS was 	done following the Oshima and Takano method 
(3)

with some 	modifications.
 

Isolation of Respiratory Deficient Mutant
 

Cells were treated 
with ethidium 
bromide 	following the method

described by Seki et al 
(4).
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Protoplast Fusion
 

Protoplast were prepared 
using the enzyme zymolyase (5,000 or
 
20,000) following the 
Arima and Takano method (1). Protoplast fusion was
 
performed irn polyethylene glycol (PEG) 
and calcium ion by the method
 
described by Seki et 
al (4).
 

Screening of Hybrid Fusant
 

Screening for high 
ethanol producing fusants was 
carried out
 
0
using salted molasses medium at 40 C.
 

Analysis
 

Ethanol concentration was determined by Gas-liquid 
chromato
graphy (Shimadzu GC-9A) using propanol as an 
 internal standard. Cell
 
concentration was measured ds optical density of cell 
suspension at 660
 
nm after washing with 0.l N HCl by Spectrophotometer (Shimadzu UV-240).
 
Sugar concentration was determined 
by phenol sulfuric acid method 
and
 
high performance liquid chromatograph (HPLC).
 

RESULTS AND DISCUSSION
 

Isolation and Collection of Halotolerant Yeasts
 

A total of 413 strains of halotolerant yeasts were isolated 
from
 
285 samples of variUus products. From 413 strains, 302 strains were
 
isolated using 0
molasses media containing 5 % NaCI 
at 37 C and 60 strains
 
were obtained at 4 00C. Another 43 
strains were isolated using molasses
 
media containing 17 
 0
% NaCI at 37 C and 9 strains at 40 0 C.
 

Six hundred and ninety 
yeast strains collected from stock cul
tures were tested for the ability to grow in 
molasses media containing


0
5 % NaCl at 4 0c. The results showed that only 261 strains could grow

in salted molasses media and be 
considered as halotolerant yeast str.ains.
 

Screening for Potent 
Halotolerant Yeasts Be
To Used as Parental
 
Strains
 

A total of 674 strains of halotolerant yeast obtained by isola
tion and collection were screened at two levels 
of sodijm chloride, 5 and
 
17 %. At each sodium chloride concentration, the screening 
was divided
 
into 3 steps.
 

At the 5 % NaCI level, good ethanol producing strains 
were
 
expected to be obtained. Standing tube cultivation was used for primary

screening. In 
order to obtain the strain which produced ethanol at the
 
highest rates 48 hours of incubation chosenwas for the tests. Fifty-two
strainF which produced ethanol more than 2.5 % by weight and did not show 
pellicle forming characteristic were selected. These 52 strains were 
further screened 0by standing flask cultivation at 40 C. Seven strains, 
i.e. 016, 251, S019, S037, S013, 
S065 and S090, which produced ethanol
 
2.0-3.4 % by weight after 
24-48 hours were selected for final screening.
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The final screening was carried out in 
the fermenter 
and the result of
ethanol production by the selected strains 
 is shown in Fig.l. Theresults 
revealed that strains, S013, S037 and 251 
produced almost the
same amount of maximum ethanol concentration but at different incubation
periods. Strain S0131 produced 3.1 % at 60 hours while strain S037 and251 produced 3.1 % at 52 hours 3.0 % at 72 hours, repectively. Strain
S065, SU9U, S019 and 016 produced ethanol 2.9 % at 67 hours, 2.7 % at 72
hours., 2.2 % at 72 hours, and 1.4 % at 60 hours., respectively. Fromthis result, t.e strains S013,SU37, 251, S065 and S090 were selected to 
be used as the halotolerant parents. 

To obtain halotolerant yeast which could grow at high concentrations of sodium chloride, all isolated 
and selected halotolerant strains
 were tested for their ability to grow in molasses media containing 17 %NaCI at 4u0 C. Primary screening was performed using standing tube cultivation. Incubation was prolonged to 96 hours since cultivation conditions wert, stre.ssied due to high salt concentration and high temperature.Fifty-one st r~iins whos,.e jrowth gave cell concentration which were deter
optical Jcamined as dnsity rates at f)U nm after 96 hrs were selected. Insecondary scr-eninig .kikking flask was used for cultivation and incubationtime was reduc d ,)7n :urs] in order to obtain fast growing halotolerantstrains. In thi .t ep, It strains wnose optical densities were increasedto 3.03-o.22 after /- riours were selected. They were strain 126, 062,092, 356, 394, 366, li]h, 246, 130, 229 and 370. And because strain 346could produce 1.72 '% ,eth. n l hy weight, it was also selected for finalscreening. 
 The time corfes ut growth and ethanol production by theseselected strains wi:ero 1;rwugateJ in molasses media containing 17 % NaCIby shaking [task cult ivnt ion, it 40OC. The results of growth by these12 strains are shown in i'ig.2a. The results demonstrated that, strain370 gave the highe.3t. cell concentration. Observed OD at 660nm was 4.8after 72 hours. Optical density of cells obtained by strai! 356 and 126
were 4.61 and 3.54 respectively. 
 The other 9 strains did net show muchdifference 
in optical density. 
 Based on only one aspect of cell growth,
the selection of strains 
was difficult. Therefore, the amounts of 
ethanol produced by these t2 strains were compared. We found that only 4strains produced ethanol in amounts more than I % by weight. Those werestrain 356, 370, 126 
and 130 which produced 1.6, 1.6, 
1.5 and 1.4 % ethanol by weight, respectively (Fig.2b). 
 These 4 strains were selected for
hybridization with hi~ih ethanol producing strains. 

Screening 
of High Ethanol Producing 
Straine of S. cerevisLie To be
 
Used as Another Parental Strain
 

To obtain nigh ethanol-producing strains for hybridization with
halotolerant 
strains, ethanol production by nine collected strains was
investigated. The results indicated that S. cerevisiae Sc90 which is
currently used in most factories produced the highest 
ethanol concentration, 8.8 % by weight after 48 h. Strain B120, AM12, M30, 281 and 191
produced 8.6, 8.3, 
8.2, 7.7 and 7.7 % 
ethanol by weight, 
respectively.

The other strains NI, TJ3 and TJI produced 7.2, 6.7 and 4.2 % ethanols byweight, respectively. Considering on cell concentrations, most strainsproduced maximum cell concentration at 24h. Corresponding to the results
of the ethanol production tests, 
six strains which produced more than
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7.5 % ethanol by weight were selected for final screening in the fermenter, at 40 0 c. The results of ethanol production by 6 selected strains
 
are shown in Pig.3. The maximum amount of 7.5% ethanol by weight 
 was
produced by S. cerevisiae M30, while AM12 and 
Sc9U produced 7.3 and 5.9 %

respectively. Strains 191, B120 and 
281 could not grow and produce

ethanol under such cond~iions. Therefore, S. cerevisiae M30, AM12 and 
Sc90 were selected to be 
used as the high ethanol producing parents.
 

Protoplast Fusion
 

Each of selected halotolerant strains and selected high ethanol 
producing strains of 
S. cerevisiae was 
hybridized using protoplast fusion
 
technique.
 

To facilitate 
the selection of fusants, auxotrophic mutant was

used as one parental strain and a respiratory deficient mutant 
was used
 
as another parental strain.
 

Auxotrophic 
 mutants of selected halotolerant 
 strains were

isolated by EMS. We found that only the 
strains screened at 5 % NaCl gave
iuxotrophic mutants after treatment with EMS. Therefore the strains 
selected at 
17 % NaCI were mutagenized by NTG.
 

Respiratory deficient mutant of high ethanol producing strains, 
M30, AMI2 and Sc90 were successfully isolated.
 

Protoplast fusion techniques were successful in the crosses of
strain 251 and AMI2, S037 and AM12, S090 and AM12 and S037 and Sc90.

From the cross of strain 251 and AM12 four in
fusants were selected 

minimal media containing glycecol the
as sole source of carbon. From the 
crosses of SU37 and AM12, S090 and AM12 and S037 and Sc9O, three, five 
and three fusants were selected, respectively. 

The fusants obtained are being screened for high ethanol produc
tion in salted molasses media at 400C.
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Table 1 
 High ethanol producing strains 
of Saccharomyces cerevisiae being
 
used in this work.
 

Strain 
 Background
 

S. cerevisiae Sc9o 
 Ayudthaya Alcohol 
 Factory, Thailand, stock
 
culture of KU.
 

S. cerevisiae M30 
 Surat 
Thani Alcohol Factory, Thailand, stock
 
culture of KU.
 

S. cerevisiae 191 Isolated from mold bran of vinegar factory 
in
 
China, stock culture of KU.
 

S. cerevisiae 281 
 Uniditified 
source, stock 
culture of Institute
 
of 
Food Research and Product Development, KU.
 

S. cerevisiae TJI 
 Isolated from molasses, stock culture of KU.
 

S. cerevisiae TJ3 
 Isolated from molasses mash, stock culture 
of
 
KU.
 

S. cerevisiae Nl 
 Isolated from mash Awamori
of brewing (Okinawa
 
spirit),stock culture of Depe tment of 
Fermen
tation Technology, Osaka University, Japan.(4)
 

S. cerevisiae AM12 
 A hybrid obtained by protoplast fusion between
 
TJI and NI.(4)
 

S. cerevisiae B120 
 Unidentified 
source, stock culture of KU.
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Figure 1 
Ethanol Production by Selected Halotolerant strains in
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ABSTRACT
 

1. Kinetic studies of the peripheral blood leukocytes in patients

with DHF/DSS revealed that neutrophils and monocytes were predominant in
 
the first few days of the disease. Later on, both total leukocytes and
 
neutrophils as well as monocytes declined to their lowest values 1-2 days

before the subsidence of fever. Subsequently, the atypical lymphocytes
 
increased to a peak at the time 
of shock or defeverescence and then
 
decreased 
to normal levels 3-4 days afterwards. The eosinophils gra
dually increased during the convalescent phase of the disease.
 

2. The complement system which is actively involved in DHG/DSS

coincided with 
the onset of shock and leakage. Measurement of the com
plement fragments C3a and C5a 
revealed that C3a markedly increased during

the shock phase and rapidly declined to normal levels in the convalescent
 
stage. However, the fact that the 
level of C5a did not significantly

increase suggested that C3a may be 
the major mediator responsible for the
 
development of shock in DHF/DSS.
 

3. The circulating immune complexes detected by Clq binding and
as 

conglutinin binding assays could not 
be detected in large number of
 
patients and, when detected, they were present in rather small amounts.
 

INTRODUCTION
 

Despite many active investigations in dengue hemorrhagic fever/dengue

shock syndrome (DHF/DSS) in all aspects of the disease during the past

decade, DHF/DSS 
still remains one of the major health problems not only

in Southeast Asia but also 
in the Pacifics and lately in the Carribean
 
areas. DHF/DSS is a severe 
febrile disease of children and adolescents
 
characterized by sudden onset 
of fever, nausea, vomiting, abdominal pain,

hepatomegaly, petechial hemorrhage, epistaxis, 
hematemesis, melena and
 
shock on the fifth to seventh day of illness with significant mortality.

The major pathophysiologic hallmarks 
in DHF/DSS are shock and excessive
 
hemorrhage which are the leading causes of 
 death. Previous studies
 
suggested that although immunological processes are involved in the
 
pathogenesis of this disease, the exact 
mechanisms are largely unknown.
 
Fur.ther investigation is needed 
to understand the whole immunopathophy
siologic process, especially factors leading to the development of shock,
 

173
 



which will 
 lead 	to better treatment 
and 	ultimate prevention of this
disease by vaccination. 
 This report describes 
thn 	results 
of the first
part 
of the research project during 
the 	first year of
sisted 	 study which conof the study of the kinetics of peripheral blood 
leukocytes, and
the 	determination 
of complement activation 
and 	immune complexes during
the 	course 
of dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS).
 

MATERIALS AND METHODS
 

1. 	 Patient Population Studies
 

Children diagnosed as 
 dengue hemorrhagic fever/dengue 
 shock
syndrome (DHF/DSS) victims who 
were admitted to 
the 	Department of 
Pediatrics, Siriraj 
Hospital and Children's Hospital, 
Bangkok, Thailand 
were
included 
in 	 this study. Approximately 
100 	serologic-proven 
cases of
either primary or secondary 
dengue hemorrhagic 
fever were studied in
detail during the course of illness. 
 The 	criteria for the clinical diagnosis of DHF/DSS and grading of disease 
severity were 
used 	as described
 
previously.(1)
 

2. 	 Kinetics of Peripheral Blood Leukocytes 
in Different Stages of
 
Disease
 

The peripheral blood 
leukocytes were obtained every day 
beginning 	from the 
first day of admission to approximately 5-7 days 
of hospitalization, 
from 	52 confirmed 
cases of DHF/DSS. The pattern and nature
of various 
kinds of leukocytes 
were 	determined sequentially by Wright's
stain using light microscopy, with particular 
attention paid on 
the 	accurate 	enumeration 
of 
monocytes, mature lymphocytes and atypical 
or transformed lymphocytes. 
 The 	absolute number 
of these peripheral white blood
cells 
was 	then calculated from the total white cell count.
 

3. 	 Complement Assays
 

Assay for complement components, mainly C 3 , C4 , 
 factor B,
C7 and C9 were performed using 
radial immunodiffusion 
techniques with
monospecific 
antisera. Functional assays 
for 	 the classical and the
alternative pathways 
 were determined 
 by 	 methods previously
described.( 2
 , 3) The complement activities 
in vivo and in vitro were
evaluated by various 
assays to 
detect different 
degree of complement

activities as 
follows:
 

a. 
Assay for the presence of C3a des-arg and C5a des-arg by

radioimmunoassay. (4)
 

b. 
Detection of C3d by rocket immunodiffusion assay. (5)
 

c. 	Detection of the 
soluble terminal complement complex (SC
 
5b-9) by a modified ELISA method. (6)
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4. 	 Immune Complexes
 

Assays for the presence of immune complexes in EDTA plasma were
 

employed by 2 different methods:
 

a. Clq binding test. (7)
 

b. Solid phase conglutinin binding.(8)
 

Heat aggregated human IgG was used as the standard control.
 

RESULT AND DISCUSSION
 

1. 	 Kinetics of Peripheral Blood Leukocyte3 in Different Stages of
 

Disease
 

The studied patients included 52 serologically proven secondary
 

dengue infection cases, aged 9 months to 12 years, in whom 4 were classi

fied by their disease severity as grade 1, 24 patients as grade 2, 20
 

patients as grade 3, and 4 patients as grade 4. The peripheral blood
 

leukocytes were studied daily in the acute stages and once in the conva

lescent stages of the disease. The study revealed that the total number
 

of leukocytes was augmented on the first day of disease (approximately 5
 

days before subsidence of fever) due to the substantial increase in neu

trophils (Figure 1). Thereafter the total number of leukocytes suddenly
 

decreased to a nadir on the second day before the subsidence of the
 

fever. It is believed that this reduction could be attributed to both
 

the decrease in production by the bone marrow and the increase in des

truction of leukocytes by the reticuloendothelial system. Then the total
 

number of leukocytes gradually rose to its normal value on the first and
 

second days after defeverescence. The subsequent rise of total leuko-

cytes was mainly due to the increasing number of the lymphocytes during
 

the stages of shock or defeverescence. This rapidly increased number of
 

total lymphocytes was mostly caused by the rise of atypical lymphocytes
 

which reached their highest values on the day of shock or subsidence of
 

fever (Figure 2). The number of atypical lymphocytes gradually decreased
 

to normal value 4 days after shock or defeverescence. Evidently, the
 

increase in atypicil lymphocytes was due to an immunological response to
 

secondary dengue infection resulting in the increased number of B lympho

cytes. The role of cell-mediated immunity, especially T-lymphocyte sub

populations, remains to be studied in the next part of this project.
 

Regarding to the number of monocytes, it was found that the number of
 

monocytes increased in the early days of disease and then declined to a
 

minimum at 3 days before shock or defeverescence (Figure 2). This find

ing supported the hypothesis that monocytes or macrophage may play cen

tral roles in the pathogenesis of this disease by acting as the primary
 

3ite of dengue virus replication prior to being destroyed by T-lympho

cytes or natural killer (NK) cells. (9) Eosinophils and basophil cells
 

were: also found in this research to be greater in number in later stages
 

of the disease, which is believed to be a reaction following the inflam

mations of the acute stage.
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2. 	 Complement Activation
 

It has been suggested that 
 some 	of the complement breakdown
products, especially 
C3a 	and C5a, might be 
potential candidates causing
rapid extravasation 
of plasma, leading to shock. 
 Using the technique
described by Chenoweth 	 4
and 	Hugli(
 ), EDTA plasma was collected 
at different phases of 
the 	disease from 
50 patients with 
DHF/DSS seen
Department 	 at the
of Pediatrics, 
Siriraj Hospital, and examined 
for 	the presences 
of C3a and C5a. Thirty five and 
thirteen patients were 
classified
as grade 
2 and grade 3 respectively. 
 The 	remaining two 
patients were
classified 
as grade 4 and 
I. 	 The preliminary results are 
summarized in
Figure 3 and 
Figure 4. 
 In Fig. 3, C3a was significantly high at 
the 	time
of subsidence 
of fever or coincident with the 
time 	of shock in grade 3
and 
4. 	 The levels returned 
to normal within 24 to 
48 hours. No significant rise of C5a 
was 	seen (Fig. 
4). 	 Our data demonstrated 
a brief
burst 
of C3a levels in patients with grade 2, 3 and 
4 but did not demonstrate any differences 
among the groups. The peak 
of C3a coincided
the peak of disease during 	 ith

the 	shock phase, indicating 
that 	C3a probably
participates 
in the pathogenesis 


not 
of the DHF/DSS. The fact that C5a was
raised in DHF/DSS 
did 	not exclude its participation 
in the pathogenesis of shock. The 
C5a was shown to be a 
very 	potent spasmogen and a
strong chemotactic 
agent. 
 It also caused prolonged vascular 
leakage in
the 	presence of polyinorphonuclear 
 leukocytes, 
an action 
not 	 found in
C3a.( 1 0 ) In theory at least, C5a 
 seems to be a 
 better candidate
causing 
severe vascular leakage in DSS. 
 It is probable that C5a acts
locally (possibly in the liver and lung) and 
is sequestrated at 
the 	site
of activation. 
 Webster et 
al have shown that C5a accumulated in the lung
when 
injected intravenously. (11)
 

3. 	 Immune Complexes
 

Figure 5 summarizes 
data of circulating 
immune complexes (CICO
as detected by 
C1 binding (CIq8A) and 
conglutinin binding (KBA)
performed 	 assays
in our laboratory during 
the 	1986 season. 
 Only 	few DHF/DSS
patients showed 
raised levels 
of either CIqBA 
or KBA; and even
levels were abnormal 	 if the
they were marginally raised above 
the 	standard normal 	controls, 
i.e. 	slightly more than 40

globulin G per ml of 	

ugm of heat aggregated inkmunoserum. In 
our 
hands at teast, circulating immune
complexes, 
as defined 
by the two assays, could not 	 in
be detected
number of patients and, 	 large

when 	detected, 
they 	were present in rather small
amounts. When the two 
assays were 
used 	to analyse 
sera 	from patients
with 	post streptococcal glomerulonephritis 
and 	SLE, the assays could
detect 
large 3mount of 
immune complexes. 
 The 	actual role 
of immune complexes in DHF/DSS needs 
to be reinvestigated. 
 Immune complexes might
be major factors in 	 not


the 	activation 
of the complement 
as has previously

been postulated.
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Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002
 

INTRODUCTION
 

Tamarind (Tamarindus indica L.) trees are long living and may reach
 

an age of 100 years or more. They are found throughout the tropics
 

either as individually planted trees or, more often, in random stands
 
which developed from discarded seeds. Although India produces over
 

250,000 tons of tamarind fruit pulp annually, most of their pulp comes
 

from untended trees, with only a few small plantations or orchards. In
 

most countries the fresh fruit pulp is consumed as a delicacy or used as 

the basis of beverages. The fruit may be eaten fresh or it may be pre

served for later consumption.
 

Tamarind trees grow well on poor, infertile soils, are drought resis
tant, need little care after planting, and produce dense wood. Tamarind 
has an excellent potential for use as a plantation crop, not only as a 
source of fruit pulp, but also as a source of biomass. The fact that 
tamarind also has a capacity for nitrogen - fixation means that it could 
be used to improve soil fertility, particularly the fertility of the poor 
soils which are the kind usually available for growing plantation crops. 

However, in order to successfully grow tamarind as a plantation crop, a 
germplasm collection must be established and evaluated. Optimizing the 
choice of clones for propagation is a necessary first step in profitably 
utilizing the potential of the species. Through screening and selection 

of the germplasm collected for biomass p:oduct.;on, new fast growing tama
rind types which produce large amount of foliage (for human and animal 

consumption) and fuelwood, will become available. Tamarind has potential 
use as a source of biomass for many developing countries of the tropics. 

It is planned to share the germplasm collections with other developing 
countries, for further testing and utilization, and to share the results 
of this research by making available seeds and clones required by tama
rind growers. Recommendations for efficient plantation practices are 
being collected and are also available to other growers. Similarly, con

current research on fast - growing sweet and sour tamarind types which 

bear early and annually, and yield large amount of fruit and fruit pulp 

of improved quality has been undertaken. As more results become avail

able, further interest in the cultivation of tamarind as a cash crop is 

anticipated. Tamarind would be a suitable cash crop for many developing 

countries. The establishment of demonstration plantations would be an 

appropriate intermediate step, which should follow the conclusion of this 

project. The proposed research aims at using tamarind as a multipurpose 

tree, i.e., stems for use in furniture making, branches for use as fuel

woods, young leaves for human and animal consumption, falling leaves for 

use as compost, fruit pulp for use as food and beverages and seeds for 
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use 
in glue and animal 
feed products,

multipurpose etc. Through the prospect of such
potential, 
 growers 
 of tamarind 
may
incentive. find a considerable
Thus, this project is expected to 
have impact on economic and
social development of many developing countries, including Thailand.
 

OBJECTIVE
 

The objectives of 
this project are to
tamarind obtain, establish
germplasm and evaluate
distributed 
in the tropical regions.
quality as well as rate of 
Pod yield and
biomass production
accessions is to be assessed.
are asexually propagated The
 

being made to 
and further evaluated. Attempt
develop dwarf is
rootstock through genetic
means. and cultural
Some nitrogen 
- fixing species haveassessed been identified
as possible and will
sources 


increasing 
of more productive rootstock. Scope 

be
 

nitrogen for
- fixing character 
of these trees

of V' .ugh employment
alternate Rhizobium strains will 
be investigated.
 

TECHNICAL WORK PLAN
 

The objectives of 
this project 
will be achieved through 
the following

phases of works :
 

a. 
 Germplasm Collection
 
b. Germplasm Testing
 
c. Rootstock Study
 
d. Rhizobium Study
e. Demonstration 
 Plot Established 
 and Cultivation 
Practices
 

Determined
 

These steps are described next:
 

Germplasm Collection
 

1. Procurement of 
specimens
 

Tamarind 
pod collection 
has
provincial agricultural been carried out through the
extension 
officers 
by means of 
pod competition
and specimen collection.
 

2. Adoption of 
selection criteria
 

2.1 
 Biomass Production
 
I) Fast growth 
rate and number of 
stomata.
2) 
 Plant growth habits including angle of branching.
 

2.2 
 Fruit Production
 
1) 
 Primary selection 
: based on RV-formula
 

(Real value of pulp 
 Pulp Wt. x %Pulp Wt. / 100)
2) 
 Plant growth habits 
: based on 
shape of canopy.

3) Regularity or 
bearing.
 
4) Uniformity of 
fruit ripening.
5) Pod characteristics 
: based on pod size and pulp
 

yield.
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Testing of Germplasm
 

I. 	Biomass production
 

1.1 	 The growth of plants in pots
 
To determining the dry matter of root, stem, branch and
 
leaf beside these the nutritive values of leaf, both
 
young and aging, is analyzed for protein, fat, carbo
hydrate, fiber, carotenoid, vitamin A, ascorbic acid,
 
etc.
 

1.2 	 The growth of plants in plots
 
The individual accession will be grown in plots at
 
spacing of 2 x 2 meters with 6 replications, each con

sisting of 4 plants.
 

2. 	Fruit production
 

2.1 	Observation of mother plants
 
The aspects will be observed in fruiting behavior,
 
fruit setting characters and uniformity of ripening
 

pods.
 

2.2 	 Field test of selected grafted plants
 
The individual accession will be grown in plots at
 
spacing of 6 x 6 meters with 6 replications, each con

sisting of 4 plants. The observations will be made on
 
the following aspects.
 

-	 growth (eg. girth, length of stem, height, shape 
and 	volume of canopy)
 

-	 flowering (eg. earliness)
 
-	 fruit setting (eg. number of fruit set)
 
-	 marketing quality of pod
 

Rootstock Study
 

1. 	The Search for Dwarf Rootstock
 

The seeds collected from the untended Iwarf phenotypic
 
expressions will be sown to determine the number of stomata from the
 
young seedlings. The test will indirectly identify whether the plants
 

are those of dwarf types, expressed as fewer stomata per unit area than
 
the normal one.
 

2. 	The Search for Appropriate Rootstock Plants other than Tama

rind
 

An attempt will be made to develop the dwarf rootstocks by
 
using other plant species than tamarind such as Sudan senna (Cassia
 
acutifolia), Indiai. senna (C. angustifolia), Manila tamarind (Pithecello
bium dulce) ete.
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3. Chemical Treatments for the Production of Dwarf Rootstock
 

Dwarf rootstocks may induced mean
be by of chemical treat
ments e.g. SADH, MH, 
CCC and Paclobutrazol.
 

4. Use of Nodulated Leguminous Plants for Rootstocks Rootstocks
could 
possibly provide adequate nitrogen fixation by the nodule bacteria,

Rain tree (Samanea saman Merr.) 
 and Sesban (Sesbania grandiflora Desv.)
 
may be tried for this purpose.
 

Rhizobium Studies
 

The studies of Rhizobium symbiosis phenomena will be investi
gated by the following steps.
 

- Rhizobium 
 Isolation
 
- Isolation of Rhizobium from Tamarind
 
- Screening 
for the potent Rhizobium Strain.
 
- Inoculation of the Experiment Plots with Rhizobium.
 

Cultivation Practices and Demonstration Plots
 

Cultural practices will be carried out 
in order to determine the

optimum technology for maximum production.
 

Highlights of Works
 

I. A primary selection criterion 
has been formulated, that is
 
Real value of pulp = Pulp Wt. x % Pulp Wt. / 100
 

2. A total of 51 accessions of sour tamarind type have been
 
selected from 1,811 specimens throughout the country.
 

3. The superior accessions of sour tamarind 
have been found
with various characteristics viz. jumbo-size pod type (13-15 ripe
pod/kilogram), 
very high pulp lnercentage (79.4%), highest Real Value of
pulp (RV. = 21.3894), gold brown color of pulp which is very rare and
attractive t., the consumer, very loose pulp and for sweet tamarind tasti
ness. 

4. ,*ost of accessions are found in the provinces along the Mae 
Khong River close 
to the Laos border.
 

5. Some accessions of sour 
and sweet tamarind types are estab
lished in a demonstration plot at Khon Kaen University Campus.
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DEVELOPMENT OF METHODS FOR IMMUNODIAGNOSIS OF LIVER FLUKE INFECTION
 

(6.392) - APPROACHES TO DEVELOP IMMUNODIAGNOSTIC METHODS FOR LIVER FLUKE 

INFECTION CAUSED BY Opisthorchis viverrini 

STITAYA SIRISINHA
 
Department of Microbiology, Faculty of Science, Mahidol University,
 

Bangkok
 

Liver fluke infection is still an important endemic disease in many
 

parts of the world, among the three important flukes that cause the
 

disease in humans, Opisthorchis viverrini (Ov) is the fluke found in
 

Thailand and parts of Laos, Cambodia and Vietnam. Opisthorchiasis is
 

among the diseases of greatest public health importance in Thailand, as
 

it has been estimated that at the present time there are at least 7 mil

lion Thais infected by this parnsite, representing approximately 15% of
 

the total population. Moreover, the prevalence of Ov infection among the
 
cases
population in northeastern Thailand has increased frtm 3.5 million 


in 1965 to 5.4 million case- in 19811. In some villages in the endemic
 

areas, a prevalence of more than 90% has been reported. All age groups
 

including infants are known to ne infected2 .
 

In the past, the liver fluke infections causei:: oy 0. viverrini, 0.
 

felineus and Clonorchis sinensin have been reported sporadically from
 

non-endemic areas including North America and Western Europe, but at the
 

present time increasing numbers of cases have been reported. One main
 

reason is due to the ever increasing number of immigrants and refugees
 

from less-developed countries within the last few years. Another possi

bility includes the consumption of fish imported from endemic areas.
 

Current methods for diagnosis of human liver fluke infection are
 

based on the demonstration of fluke eggs in stools, and on some occasions
 

alsc in duodenal fluid or bile (for review, see Sirisinha3). Although
 

such an examination is reliable and permits the identification of flukes,
 

it is unfortunate Lhat such a technique is useful only when the intensity
 

of infection is high and is reliable only in the hands of experienced
 

laboratory personnel. It is relatively simple to detect cases with heavy
 

infection when several thousand eggs per g of feces are present. How

ever, the diagnosis of cases with light infection is uncertain, can be
 

easily missed and the results may vary from one sample to another. More

over, a decision is even more difficult to make in individuals having
 

mixed intestinal parasitic infections. The latter situation is not un

usual for people residing in the Ov endemic areas. On the other hand,
 
and so severe as to result in biliary
when the infection becomes chronic 


not be found in the fecal samples and in order to
obstruction, eggs will 

one has to use bile secretion zor
demonstrate the presence of fluke eggs 


pracsuch an examination. However, obtaining bile is neither simple nor 


tical and is not without danger. Therefore, if a more simple and objec

method is available, the problem would be alleviated.
tive diagnostic 

Moreover, when it becomes available, such a method would facilitate
 

epidemiological study as well as the monitoring of the efficacy of indi

vidual and mass anthelmintic treatment and reinfection.
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The development 
 of sensitive 
and specific serodiagnostic assays
requires 
 a thorough understanding 
 of the host-parasite relationship
which, in turn, 
depends on information regarding the parasite 
antigens
and host immune response 
to these antigenic stimuli. 
 Therefore, our
tial study is focused on characterization of 
ini-


Ov antigens and the 
immune
response 
in patients with opisthorchiasis 
and in animals experimentally
infected 
with this parasite. 
Once sufficient information regarding these
matters 
becomes available, then we will 
be ready to 
develop appropriate

assays for 
this important parasitic disease.
 

Characterization of Ov Antigens
 

Only limited information is currently available 
on 0. viverrini
antigens. 
 It was reported by Janechaiwat 
and her associates several
years ago that sera from 
patients with 
opisthorchiasis 
and hamsters
experimentally infected 
with Ov metacercariae could 
precipitate at le&:t
5-7 parasite components as analyzed by .
immunoelectrophoresis 4
 
ever, some these
of components also 

How
reacted with 
sera from individuals
infected with 
unrelated parasites. Thus, some 
of these components were
not Ov specific. More recently, Ruppel et 


components of 
al. 5 showed that protein


adult Ov were 
highly complex which 
is not surprising.
ever, the interesting discovery 
How

was that almost half of the total proteinin the extract 
was a peptide 
having a molecular 
weight of 18,000-19,000
daltons. 
 In our preliminary investigation, we analyzed Ov antigens
radioimmunoprecipitation, by

SDS-PAGE 
and autoradiography 
and found many
parasite-specific 
proteins, 
some of which were present 
in more than one
 

developmental stage 6
 .
 

More recently, we found that a 
protein in adult 
crude extract
having a molecular weight 
 around 89,000
7 daltons appeared to be Ov
specific . Using 
 radioimmunoprecipitation 
 techniques, 
 this component
failed 
to give significant reactions 
with sera from patients with other
parasitic infections including 
paragonimiasis, 
schistosomiasis, 
filariasis, griathostomiasis, 
toxoplasmosis 
and malaria. Moreover, it failed to
react with sera from 
animals experimentally 
infected with G. spinigerum,
A. cantonensis, 
S. mansoni, S. japonicum, 
S. makongi, S. hematobium,
P. heterotremus 
and filaria worms. 
 The 89-kD component also repr;isents 
a
major proteji, fouthd 
 in the culture fluid 
obtained by maintaining the
parasites 
in vitro in a protein-free culture medium. Rabbit 
antiserum
prepared by immunizing with such 
 metabolic products reacted almost
entirely with 
this 89-kD protein by radioimmunoprecipitation. 
 Our preliminary observation showed that 
the antisera gave 
positive immunofluorescence 
to 
Ov eggs and reproductive fluid. 
 Other lines 
of evidence
indicate that Ov eggs 
 ace antigenic 0
in humans and animals 3-1 . It
should 
be mentioned 
that the 89-kD protein was 
also present to
extent in the some

metacercarial 
stage, and therefore, appeared not 
to be
stage-specific. 
 Kinetic studies cf 
 the humoral 
 immune response
hamsters experimentally in
 

infected 
with Ov showed this polypeptide to be
highl., immunogenic since 
antibody reactive 
with it could be detected

within 15 
days of infectionl.
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In addition to the 89-kD component, components with M.W. of
 

116, 78, and 20 kD also appeared to be specifically associated with adult
 

to be highly immunogenic,flukes. Unlike these components which appeared 

the 16-17 kD duplex, which represented the most abandant protein in the 

crude Ov extract, was a rather weak immunogen and it reacted only weakly 
study. Our limited data on


with human and animal sera used in this 


of adult Ov suggested that the latter components was

detergent extracts 


largely associated with the surface tegument of the parasite
 

Immune Response in Opisthorchiasis
 

both humoral and cell-mediated immune components are
Generally 


stimulated following appropriate antigenic exposure. Although several
 

response in human and
 
groups of investigators have reported an antibody 


a

animal opisthorchiasis, there is practically no definitive evidence for 


response against the Ov antigens. Indirect evidence

specific cellular 


studies suggests that cell-mediated immune mechanisms

from pathological 

may be involved in the pathogenesis of the disease1 2'13 . We were not
 

able to demonstrate specific cellular responses to the parasite antigens
 

until some time after treatment of the infected hamsters with prazi

fact, we recently reported an immunodepressive state

quante14. In 


with regard to unrelated antigens in hamsters experimentally infected
 

with Ov 15 . These animals again exhibited normal responses following
 

praziquantel treatmftt.
 

been demonstrated in theAntibodies to various Ov antigens have 
of animals experimentally
serum o£ patients with opisthorchiasis and 


viverrini8 - I0 1 6 ' 1 7. Boonpucknavig and her asso
infected with O. 


that these antibodies reacted to
 
ciates 8 showed by iinunofluorescence 


to these components, we
 
both eggs and surface teguments. In addition 


of the reproductive and

have also observed immunofluorescence staining 


and the developing miracidium inside the egg

gastrointestinal tracts 


(unpublished observations).
 

We have shown recently that antibodies reacting to parasites
 

the serum and bile of humans and animals

antigens are present in both 


. Although in both specimens, IgG, IgA,

infected with 0. viverrini1 8
 

antibody isotypes could be detected, such
 
IgE and, in a few cases IgM, 


in the serum. While in the serum, the IgG

responses were more vigorous 


it was the IgA. Evidence available
 
response predominated, in the bile 


that the biliary IgA antibody was selectively transported

suggested 

and/or locally produced by the hepatobiliary system of these patients.
 

both systemic and local immune responses can be

Although 


usefulness are still

detected, their protective values and diagnostic 


poorly understood. We previously showed that the parasites were still
 

alive after a period of exposure to antibodies1 9 . Moreover, the addi

cells from either infected or uninft.cted

tion of peritoneal exudative 


not alter the outcome (unpublished observathe did
animals to system 

the parasites could be killed by the completions). On the other hand, 


ment alone1 9 . It was clearly demonstrated that the parasites could
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activate the complement via 
an alternative pathway. 
 A scanning electronmicroscopic 
 study showed 
 that the parasite 
tegument was extensively
damaged1 9 . However, some parasites 
could recover

that tegument shedding 

and it is possible

is an evasive mechanism of
attack 0. viverrini against
by the host. There is no 
evidence regarding 
other host factors
that adversely influence the survival of 
parasites, either in 
vivo or
vitro. The ability of 0. viverrini 

in
 
to survive in immune hosts 
has been
demonstrated previously by 
our group20,21.
 

Development of Methods for Immunodiagnosis of Opisthorchiasis
 

Several 
possible approaches can 
be undertaken to develop appropriate immunodiagnostic methods 
for opisthorchiasis. 
 The popular current
approach is to 
detect antibodies 
in the serum of suspected individuals.
The immunoelectrophoresis method used by Janechaiwat et al. 4 was notsensitive enough for this purpose. The semi-quantitative immunofluorescence method 
recently reported 
by Boonpucknavig 
et al. 8 
 also lacks
sensitivity and is not 
 practical for 
 routine diagnostic work. The
enzyme-linked 
immunosorbent 
assay employed 
by Srivatanakul

Wongratanecheewin 18 et al. 1 6 and
et 
 al. has sufficient sensitivity and specificity
provided that a suitable antigen 
is available. Currently both groups use
crude somatic 
extract prepared from 
adult 0. viverrini. 
 However, such
preparation a
is highly 
complex and therefore 
it is expected to obtain
cross reactivity. A systematic analysis 
of Ov antignns is a necessary
first step in identifying 
a specific parasite 
(Gv) antigen(s). We
recently characterized have


and identified 
several specific Ov antigensl8 .
Among them, the 
89-kD protein appeared 
to be the most promising component
that should be investigated further. However, it 
 is present only in
trace quantities 
ii the crude somatic extract 
and it is technically
impossible to 
 purify it for general use by 
classical physicochemical
approaches. Furthermore, although it is 
 present as 
a
component major parasite
in the in vitro culture fluid, 
it is rather tedious to produce
in large quantities. Therefore, to achieve this, it is likely that agenetic engineering approach will be undertaken. 
 Such an approach is
being carried nowout in our laboratory. Although our initial attempts thusfar have been negative, we feel that 
it is not at all impossible once a
system functions at 
its maximum potential.
 

In addition to 
the detection 
of specific antibodies, it is
possible to develop also
an immunodiagnostic technique for the detection of Ov
antigens in 
those suspected 
of being infected with 
the parasite. These
antigens 
can be eggs or other soluble 
parasite antigens. Again, this
approach requires highly specific reagents and 
here monoclonal antibodies
could play a significant role. We 
are nov. 
currently attempting to produce monoclonal antibodies for such a purpose.
 

Hopefully one 
or several of 
 these various approaches will
successful. be
If this 
is the case, it should be possible for 
other investigators to systemically employ 
a similar 
approach for infections caused
by other parasites, particularly those involving mucosal surfaces.
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ABSTRACT
 

Chronic cyanide toxicity is a health threat to the poor, who survive
 
on cassava diets. The toxicity is attributed to the cyanogenic gluco
sides, linamarin and lotaustralin. In this project, the biotransforma
tion of the glucosides was studied with the aim to lessen the toxicity.
 
Linamarase, vhe iinamarin-hydrolyzing enzyme, was found in abundance in
 
the cassava petiole, stem and root cortex. The enzyme was purified and
 
characterized. Glucosyl transferase, the last enzyme in linamarin bio
synthesis, was present in young leaves. It is being purified and charac
terized. During storage, an apparent synthesis of linamarin in cassava
 
roots was confirmed. A procedure was established to isolate linamarin
 
and lotaustralin from cassava root cortex for use in research and as a
 
standard tor determining cyanide content in tapioca products.
 

INTRODUCTION
 

Stored roots of cassava (Manihot escalenta Crantz), also called
 
tapioca or manoic, provide an important source of carbohydrates for some
 
500 million people in 30 tropical countries. After !ce, maize and sugar
 
cane, cassava is the fourth most important source ! calories. In 1986, 
the world cassava production was 143 million tons Thailand and Brazil 

were the top producers, each producing about 20 million tons. Thailand 
has been the world's largest exporter of tapioca products. In 1986, the 
nation exported about 6.5 million tons, earning approximately 19,000 
million baht which was about equal to the earnings from rice export in 
the same year. A survey last year showed that the area used for cassava 
cultivation in Thailand was nearly 8 million rai (equivalent to 12,800 Km 
or 2.5% of total land of the country). World-wide, about two-thirds of 
cassava is consumed as human food and one-third as animal feed. For 
human consumption, half is eaten as cooked fresh roots and the remainder
 
as processed flours or meals.
 

Hidden in this agro-economic profile is a health problem. Cassava is 
one of the 200 plant species which possess cyanogenic glucosides . In 
cassava, the cyanogenic glucosides known today are linamarin (or phaseo
lunatin; 2-hydroxy-isobutyronitrile-D-glucopyranoside) and lotaustralin 
(or methyl linamarin; 2-hydrory-2-methylbutyronitrile-D-glucopyranoside), 
with the former being the m r poison. The average content of cyano
genic glucosides in cassava roots is about 100 mg/kg. Thus, the world 
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production of these natural 
products in cassava 
amounted to 14,000 tons
 
'n 1986. The same glucosides are also present
and white clover. The cyanogenic 

in lima bean, linen flax
gluco-ides are 
toxic because of the
free cyanide liberated 
from their hydrolysis. 
 Thus, use of cassava as a

staple 
diet can cause chronic cyanide toxicity, which can lead to such
health problems as 
 goiter, cretinism, tropical 
 toxic neuropathy and
tropical diabetes. 
 In short, long-term consumption of cassava by man oranimals obviously does not 
cause death but health can be impaired.
 

To minimize the health threat, three approaches have been taken. (a)A limit of I00 mg HCN/kg dry weight of tapioca products has been set upas a trade standard. (b) 
Several post-harvest processing methods 
have
been devised to reduce 
the cyanide content. (c) Selective breeding 
and
cultivation of low-cyanide species 
are encouraged. Science 
and technology have contributed much 
to (b) and (c). This project is ati attempt 
to
understand 
 the Diotransformation 
of the cyanogenic glucosides (mainly
linamarin) in cassava, 
using molecular and 
cellular approaches. Linamarin metabolism 
is better-known 
in white clover and flax 
than in cassava
 even though more and
men animals are exposed to 
it in the latter. It is
anticipated that 
an understanding of 
linamarin metabolism in cassava will
lead to 
(a) a rational approach 
to prevent post-harvest deterioration 
of
 cassava roots; 
and 
(b) a logical design for cyanide-free species. 
 Both
 
are desirable but 
not yet possible at present.
 

Studies 
in white clover and flax have 
shown that valine is converted
by plant microsome to 
acetone cyanohydrin. The 
latter is then conjugated

to glucose 
by reactions with UDP-glucose 
to form linamarin. This reaction is catalyzed by glucosyl 
transferase. 
 Linamarin hydrolysis to yield
acetone cyanohydrin is catalyzed by 
 linamarase. 
 The unstable acetone
cyanohydrin 
then breal'.s down spontaneously 
or enzymically 
into acetone
 
and cyanide.
 

This report covers 
the work done in 
 the first year. It contains
studies on linamarase, glucosyl transferase and linamarin in 
cassava.
 

MATERIALS AND METHODS
 

Cassava rjots, measuring 30-35 in length and 6-8 cm
cm in diameter,
 
stems, petioles and leaves were purchased from a Bangkok market.
 

Linamarin was either bought 
from Calbiochem or prepared from cassava
root cortex. Two methods were used to 
prepare crude linamarin from the
cortex. One involved the 
use of ice-cold 0.1 M phosphoric acid according
to Kojima et al. 
 The other employed 80% ethanol at 65-70oC 
for extraction, according to Nambisan and Sundaresan. Linamarin was assayed as HCN

released after treating with an excess amount of 
linamarase.
 

To isolate pure linamarin and lotaust 
alin, the crude ethanol extract
 
was concentrated under 
reduced pressure to give 
a dark brown residue.
The residue was chromatographed in a silica gel 
column and eluted with a
mixture of chloroform:methanol:water in the ratio 20:3:1 to yield lotaustralin and 6:4:1 to yield linamarin. The products were checked 
by TLC
 
and NMR.
 

192
 



. Linamarase was extracted from cassava 
tissues in 0.1 M acetate buf
fer, pH 5.5, according to the Cooke et al method. It was further puri
fied by ammonium sulfate precipitation at 65% saturation, followed by gel
 
filtration using a column of Sepharose 6B and chroma to focusing in pH
 
range of 7 to 4 or 5 to 1.
 

Linamarase activity was assayed using linamarin as substrate by a 
modified Locas and Sotelo procedure. Alternatively, an artificial sub
strate, p-nitrophenyl-D-glucopyranoside, was used in the assay according 
to the method of Evans.
 

Glucosyl transferase was extracted from fresh young leaves in 0.15 M 
phosphate buffer, pH 7.6, containing 5% polyvinyl polypyrolidone and 1 mM 
DTT. After centrifugation at 100,000 x g for 1 hr, the enzyme was col
lected by ammonium sulfate precipitate at 30-70% saturation. 

RESULTS AND DISCUSSION
 

Four major studies are described below:
 

1. Linamarase
 

The enzyme was purified from cassava root parenchyma by 
Cooke et al. Among various tissue extracts, it was shown that cassava 
petiole, stem and root cortex possessed much more linamarase than the 
root parenchyma (Table 1). The enzyme was separately purified from 
petiole, stem and root cortex as described elsewhere. The enzyme from 
each source was found by SDS-PAGE to have a subunit molecular weight of 
63,000. The native structure was oligomeric having a molecular weight of 
approx. 600,000. The purified enzyme was separated by chromatofocusing 
into three isozymes with p1 of 4.2, 3.5 and 2.8. With linamarin as the 
substrate, the enzyme exhibited a pH optimum of 7 and Km of 1-2 mM. With 
p-nitrophenyl-D-glucopyranoside, the enzyme showed a pH optimum of 8 and 
Km of 13-18 mM. The linamarase activity wa .nhibited by -gluconolactone 
and isopropyl-D-thioglucopyranoside. Thus, I irified linamarase can be 
easily obtained from cassava petiole, stem and root cortex. The enzyme 
will be useful not only in research but also in cyanide determination in 
the tapioca trade. 

Table I Distribution of Linamarase in Cassava Tissues (mean SD)
 

Ammonium sulfate Prepara Protein/fresh Specific activity 
fraction from tion (n) weight (mg/ml) ( mol/min/mg prot.) 

Leaf 4 0.32 0.23 0 
Petiole 5 0.92 0.65 2.85 2.02 
Stem 4 1.25 0.27 1.76 1.10 
Root cortex 3 0.28 0.14 1.56 1.53 
Root parenchyma 3 0.39 0.01 0.05 0.04 
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2. Glucosyl Transferase
 

The enzyme was found to have a pH optimum of 8. It catalyzed the transfer of glucosylthe moiety from UDP-glucose to an alcoholacceptor. Acetone cyanohydrin was the best acceptor while ethanol, glycerol, isopropanol, butanol and phenol were not. 
 The molecular weight of

the native structure was estimated 
to be 46,000.
 

3. Root Deterioration
 

Harvested cassava roots allowed
were 
 to deteriorate 
at room
temperature. After 
3 days, tile roots became soft. By 
6 days, fungal
growth on the surface was noted. 
 When the roots were cut 
open, browning
of the tissue was observed after 
3 days of storage and became quite
marked after 
6 days. Linamarin and linamarase were mostly found in the
root cortex. 
 After 3 days of storage, the 
root cortex linamarase, free
cyanide and protein content dropped while linamarin level rose (Table2). The finding confirmed that of Kojima et al which suggested thatlinamarin synthesis is possible in cassava during androot storage deterioration. 
 Future studies will 
search for 
ways to prevent root deterioration. if this 
is achieved, post-harvest storage of 
cassava roots 
will
 
be possible and beneficial to 
the farmers.
 

Table 2 Changes in Linamarin, 
Free cyanide, Linamarase and Protein in

the Cassava Root Cortex during Storage at Room Temperature
 

Parameter (n - 8) 
 Section 
 Day 0 Day 3
 

Linamarin 
 Head 
 1.13 0.82 
 1.40 1.01
mol/g wet wt.) 
 Middle 
 0.82 0.92 1.22 
 0.79
 
Tip 1.40 1.05 1.82 
 0.68
 

Free cyanide 
 Head 
 0.37 0.36 
 0.21 0.16

mol/ wet wt.) 
 Middle 
 1.12 0.73 
 0.79 0.77
 

Tip 0.82 0.65 0.36 0.50
 

Linamarase 
 Head 
 0.95 1.65 
 0.31 0.66

mol/min/mg) 
 Middle 
 0.70 1.19 
 0.23 0.60
 

Tip 0.27 0.49 0.15 
 0.39
 

Protein 
 Head 
 0.07 0.02 
 0.09 0.03

(mg/g wet wt.) 
 Middle 
 0.05 0.04 
 0.07 0.03
 

Tip 0.05 0.01 0.08 0.02
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4. 	Linamarin Isolation
 

A procedure was worked out to isolate linamarin and lotaus
tralin from the crude ethanol-extract of the cassava root cortex. In a 

preparation, 62 gm of the crude extract yielded 1.23 gm of linamarin and 
74 mg of lotaustral.i1. Efforts were being made to improve isolation 
yield and to characterize certain unknown fractions containing sugar and 
cyanide. Although linamarin is available commercially, it is expensive. 
In the case of lotaustralin, there is no commercial source at present. 

Both will be useful in our project and in cyanide determination in 
tapioca trade. 
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ABSTRACT
 

Thirteen positive hybrids secreting antibodies against the HM-l: IMSS 

strain of E. histolytica have been successfully produced by using a hy

bridoma technology. Based on their immunofluorescent reactivities, these 

antibodies were classified into 3 groups. The first group, consisting of
 

nine hybrids, reacted to all components of amoebic trophozoites compris

ing the cytoplasmic granu.e (G), the membrane (M), the cytosol (C) and 
the released products (RP). The second group, comprising only one hy

brid, reacted only to the cytoplasmic granules (G) and the third group, 

consisting )L three hybrids, reacted only to the cytosol (C). Four hy

brid.- of group I (FIW6, FIW16, FIWI9 and FIW35) and one hybrid of group 
III (FIW23) were cloned by a limiting dilution technique. Intense IFA 

staining (3f) was observed with MAB from 2 FIW6 subclones, 6 FIW19 sub

clones, and all 5 FIW35 subclones. Isoenzyme typing of E. histolytica 

was also studied. Two axenically cultivated strains (HM--l:IMSS and HK-9) 

and five other muitixenically cultivated E. histolytica isolates from 

Thai patients belonged to zymodeme I! whereas the Laredo strain belonged 

to a zymodeme pattern different from that cf E. histolytica.
 

INTRODUCTION
 

Amoebiasis, a disease caused by E. histolytica with or without clini

cal symptoms occurs throughout the world especially in tropical and sub

tropical climates, and in places with poor sanitary conditions and immi

gration of symptomatic and asymptomatic amoebiasis patients. It has been
 

estimated that 480 million people are infected with E. histolytica and 

some 48 million people suffer from invasive amoebiasisl. The majority
 

of amoebic infections are asymptomatic. In Thailand, the point preva

lence varies from 1.4 to 4.2% depending on the region 2 . The high per

centage of asymptomatic cases suggests that there could be differences in 

invasiveness and/or pathogenicity among different isolates of amoebae and
 

this hypothesis was subsequently proved to be the case. The pathogenic 

E. histolytica have been shown to have several properties different from
 

non-pathogenic amoebae. The pathogenic amoebae belong to certain zymo

demes 3 , have more cytotoxin 4 , exert efficient contact mediated cyto
5
lysis of target cells , have high collagenase activity6 , and are able
 

to phagocytize red blood cells. Among the properties associated with
 

pathogenic E. histolytica, none except the erythrophagocytosis is easily
 

amoebae have certain
established. We hypothesize that the pathogenic 
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antigens not present in the non-pathogenic amoebae. Demonstration ofsuch antigens 
should be possible using monoclonal antibodies (MAB)s
specific for those antigens using 
an indirect immunofluorescent antibody
(IFA) technique. Such MAB should react only to 
the pathogenic *.nd not
the non-pathogenic E. histolytica 
to 

or other E. histolytica-like amoebae.The objective of this study is 
to produce mouse 
MABs capable of differentiating between pathogenic and ron-pathoginic amoebae by the IFA technique and, if possible, 
to apply these antibodies to detect 
soluble amoe
bic antigens in clinical specimens.
 

MATERIALS AND METHODS
 

Production of Mouse MAB for Typing of the Pathogenic E. histolytica
 

Amoebae: Two axenicalLy 
E. histolytica trophozoites strains 
comprising HK-9 and [HM-l:IMSS kindly provided respectively by Drs. LS Diamond (NIH, Bethesda, Md.) and GB Bailey (Morehouse School of Medicine,Atlanta, GA) were 
used. A strain of 
 Laredo was purchased from ATCC.
They were cultured mostly 
in TPS-l media and occasionally in TYI-S-33

according to the techniques of Diamond
7 and Diamond et a18 .
 

Immunization, Cell Fusion, Screening and Selection of Hybrids:Three eight week-old BALB/c mice 
received four intraperitoneal injections
of ultrasonicate trophozoites of the HM-l:IMSs strain incorporatedFreund's complete in
adjuvant initially and in the incomplete adjuvant subsequently with dosages of 2x10 5
 , 5x10 5, 106 and 
 2x10 6 trophozoites respectively. 
 A week after the last immunizing dose, the IFA
titers in each of the three mice were 1:2560, 1:2560 and 1:1280. Twomice- with high antibody titers were immuniz. intravenously three daysbPi-rp fusion with the soluble extract of u±trasonicated amoebae (2 x106 zrophozo tes). The spleen cells 
 were fused with SP2/0 myeloma
cells at ratio
a of 10:1 according to the 
Galfre and Milstein 9 technique using 4,000 MW polyethylene glycol (Sigma Chemical, 
SL. Louis) as a
fusant. 
 The cells were suspended in 
a selective medium comprising RPMI1640, 5 x 10-2 mM hypoxanthine (Sigma), 1 x 10-2 MM azaserine (Sigma),
15% fetal 
bovine serum (Flow Laboratory), 0.1% kanamycin to give a concentration of I x 106 per ml. A volume of 220 ul was dispensed in a 96well plate i -ostar, Mass 
of Nunc Kamstrup, 
Denmark) and incubated at
37 0 c in 5% C02 in air. After 7-10 days,


growing hybrids 
the supernatant from the
 

was removed and tested for anti-amoebic antibodies by the
indirect IFA test 
against whole ethanol-fixed amoebic trophozoites of 
the
HM-l:IMSS, HK-9 and Laredo strains and by ELISA against the saline ex
tracts of these three strains.
 

Cloning of Hybrids Secreting Anti-E. histolytica Antibodies:

This was 
done by limiting dilution techniques.
 

Isoenzyme Tyining of E. histolytica
 

The amoebic lysates of eight strains of E. histolytica comprising three axenically cultivated HK-9, HM-l:IMSS and Laredo and five multixenically cultivated 
 amoebae (HTH-4:MUTM, HTH-7:MUTM, HTH-8:MUTM,
HTH-17:MUTM AND HTH-18:MUTM) 
 in TYSGM-9 10 or Robinson's media" I were
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subjected to electrophoresis and isoenzyme typing for hexokinase (HK),
 

malic enzyme (ME) glucose phosphate isomerase (GPI) and phosphoglucomu
3
tase (PGM) according to the Sargeaunt et al. technique. 

RESULTS AND DISCU0SION 

Production of MAB for Typing ot -.athogenic E. histolytica 

In one successful fusion, hybrids were present in 95 of 600 

wells, of which 13 wells secreted anti-E. histolytica antibodies (Table 

I). Based on IFA staining patterns, these oligoclonal antibodies were 
arbitrarily divided into three groups. The first group comprising nine 

hybrids reacted to all components of amoebae incliuding the granul!es (G), 

the membranes (M), thu cytosol (C) and the released products (RP) from 
amoebae. All of them reacted varia!)y to the HM-l:IMSS and the HK-9 
strains of E. histolytica and did not react to the Laredo strain. With 

ELISA, the supernatant from all hybrids reacted to the HM-l:!MSS antigens 
more intensely than those of the HK-9, and none reacted to the Laredo 
strain. The second group, comprising only one hybrid, reacted to cyto
plasmic granules only. The their group, comprising three hybrids, ".e
acted oi.]y to the cytosol. With 117A, it was ,3hown that all 2VA3 produced 
reacted to the HM-l:IMSS, F-K-9 but not the L Ar edo strains. With ELISA, 

it was -,hown that two of the. e MAB kFlW65, FiW52) also reactec against 
the Laeuo strain. This result suggests that IFA 7eactivity is more 
specific than ELISA. 

Table 1 	 Indirect Fluorescent Aotibody (IFA) and ELISA Reactivities of 

Oligoclonal Antibodies from Hybrid Cells Against Two Strains of 
E. histolytica and a Laredo Strain.
 

Group Staining pattern 


Generalized staining 

cf amoeba includir.g 


the granules, cell sap 


plasmalemma, internal 


membrane, and 


r2leased 	products 


II Cytoplasmic granules 

III Cytosol 


Designa 

tion 


F1W6 

FlWl5 


FIWl6 


FIWI9 


FlW2C 


F1W35 


FIW61 

FIW72 


FIW95 


FIW65 


F1W23 

F1W30 


F1W52 


IFA 

HM-1 HK-9 Laredo 


2+ 2+ 

2+ 2+ 

3+ 3+ 

2+ 2+ 
1+ 1+ 
2+ 2+ 

3+ 3+ 
3+ 3+ 

1+ - 

1+ 1+ 


1+ - -

1+ 1+ -

1+ - -

ELISA
 
HM-l HK-9 Laredo
 

0.23 0.09 0 

0.51 9.05 0 

1.24 1.02 0 

0.16 0 0 

0.18 0.12 0 

1.26 0.36 0 

0.12 0 0 
0.49 0.07 0 

0.28 0.22 0 

0.33 0.44 0.24
 

0.01 0.06 0
 
0.16 0.14 0
 
1.25 1.24 1.24
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Hybrids from five positive wells comprising FlW6, FIWl6, 
FIWI9
 
and 	 FIW35 from group I and FIW23 from group III were cloned by limiting
dilution techniques. Ten monoclones from FlW6, FIWI9 and 	 F1W23 and five 
monoclones from FIWl6 and 
Fl.,'IJ were subjected to further study by IFA 
and ELISA. Intense IFA staining (3+) was observed with MAE from 2 FIW6 
subclones, 6 FlWI9 subclones, all 5 FlW35 subclones but not with the pro
ducts from the FIW16 and 
F1W23 subclones.
 

Isoeazyme Typing
 

It 	 was shown that two strains of axenically cultivate amoebae 
(HK-9 and Hm-:IMSS) as well as five other multixenically grown amoebae 
(HTH-4:MUTM, HTH-7:MuTM, HTH-8:MUTM, HTH _17:MUTM and HTH-18:MUTM) be
longed to zymodeme II. The axenically grown Laredo strain conformed to 
group of E. histolytica-like amoeba.
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ABSTRACT 

Research on teak tissue culture in Thailand is a joint study between 

the Royal Forest Department and the Chiang Mai University. The main pur

pose is to develop techniques of teak tissue culture for plantation esta

blishment and improvenent programmes. There are four components in this 

study, i.e. in vitro cultures of seed, shoot-tips/buds of mature trees, 

callus and anthers. The in vitro culture of seed is aimed at propagating 

progenies of the selected families for the advanced breeding programme. 

The in vitro culture of shoot-tips/buds of mature trees is aimed at mass 

propagat ion of selected clones for the plantation establishment pro

gramme. The purpose of the in vitro cultures of callus and anther is to 

create new clones and/or varieties for the breeding programme. Prelimi
nary results and the modified culture techniques used in this study are
 

briefly presented in this paper.
 

INTRODUCTION
 

At present, the remaining teak natural forest area and the total teak 

planting area in Thailand are 25,000 sq.km and 133,000 ha, respectively 
(Kaosa-ard, 1986). To accelerate the planting programme, the Teak 

Improvement Centre (TIC) was set up by the Royal Forest Department (RFD) 

in 1965. The objectives are to operate the breeding programme, to pro

duce genetically improved seed for the planting programme and to conduct 
research supporting the improvement and planting programmes of this
 

species.
 

Due to .,)w production of improved seed in the 3eed orchards in con

junction wiLri poor germination behaviour of the seed, the supply of seed 

and planting stumps for the large scale planting programme is insuffi

cient. Various propagation techniques, e.g. cuttings and tissue culture, 

of this species have been explored.
 

A series of studies on teak tissue culture in Thailand was first con

ducted in 1983-1985 by a research team from the RFD and Chiang Mai Uni

versity (CMU) (Kaosa-ard, Apavatjrut and Sombun, 1983). It was esta

blished that there is a high potential for developing techniques of tis.

sue culture of this species for mass propagation. The scope of the pro

ject has been enlarged with the support of the USAID/PSTC programme. The 

research team of this extended project consists of researchers from the 

TIC, the Faculty of Agriculture, CMU and the Faculty of Science, CMU. 

The term of support is May 1986 - April 1989. 
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OBJECTIVES
 

1. 	 To develop tissue culture techniques of teak 
for commercial mass
 
propagation.


2. 	 To develop techniques of callus and anther 
cultures for 
 the
 
improvement programme.


3. 
 To observe field performance of plants derived from 
the devel
oped culture techniques.


4. 	 To 
 estimate the comparative cost of 
 production of planting
stumps produced by the developed methods 
and 	the conventional

methods when the 
improved materials (seed and clones) 
are used.
 

MATERIALS AND METHODS
 

i. 	 Materials
 

1.1 	 Plant Materials 
: Teak fruit, shoot-tips/buds, 
and 	flower
buds, 
used in this research project were genetically improved materials
 
from the TIC, Ngao, Lampang.
 

1.2 	 Laboratories : Laboratory studies 
were conducted 
at the
Faculty of Agriculture and the Faculty of Science (CMU).
 

1.3 	 Nursery 
: Nursery operations for plant production and field

testing were conducted at the TIC.
 

2. 	 Methods
 

There are 
four 	main components 
in this series of studies. These
 
components include:
 

2.1 	 In Vitro Culture of Seed
 
Teak fruit 
from TIC seed orchards were cut. The 
fruit's
white seeds were 
removed. The 
seeds were sterilized by shaking in 10%
(v/v) chlorox solution for 10 minutes and 
rinsing 
3 Limes with distilled
water. The treated seeds 
were placed individually 
into test tubes containing Whito (1963) 
culture medium (without hormone) for germination.
 

After germination, 
the sterile seedlines 
were removed, 	 (3-5 cm in height)
cut into nodal segments and transferred 
to cultures in
flasks containing various 
tested culture media for promoting auxillary
 
shoot regeneration.
 

2.2 
 In Vitro Culture of Shoot-tips/Buds of Mature Trees

Shoot-tips and 
buds (about 5 cm in length) of mature 
trees
(22-year-old) 
were taken from 
the TIC clone 
bank at monthly intervals.
They were placed in ice boxes 
and 	transported (about 150 km) 
to the
 

laboratory.
 

In the laboratory, the shoot-tips/buds 
were washed, shaped
into 	small (I cm) pieces and serilized by shaking 
in 10-20 % (v/v) chlorox solution for 10 minutes and rinsing 3 times. 
 They were then trimmed
into 	0.5 cm pieces and transferred singly 
to cultures in test 
tubes containing culture media 
for promoting shoot 
growth and development. After
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shooting, the shootlets (3-5 cm in height) were removed, cut into nodal
 

segments and cultured for shoot multiplication in the freshly prepared
 

culture media.
 

2.3 In Vitro Culture of Callus
 

Basal callus from the cultured explants in 2.1 and 2.2 was
 

trimmed and used as callus sources for the study. The prepared callus
 
was sub-cultured for growth and development in various modified culture
 

media under different environmental conditions, e.g. light and tempera

ture combinations.
 

2.4 In Vitro Culture of Anther
 
Teak flower inflorescences were taken from the TIC breeding 

orchard and kept in plastic bags in ice boxes for transportation to CMU. 

The flower buds of different sizes or developmental stages were histolo

gically studied for their anther development. The suitable buds for 
anther culture study were selected, shaken in 10% (v/v) chlorox solution 
for 10 minutes and rinsed 3 times. They were then dissected and their 
anthers were transferred to culture in the tested culture media to pro

mote their growth and development.
 

RESULTS
 

I. In Vitro Culture of Seed:
 

Teak seeds can be sterilized safely by using the technique des

cribed in 2.1. After culturing, the seeds started germinating within 2
 

weeks.
 

After germination (about 45 days), seedlings of size 3-5 cm in
 

height or with 3-4 pairs of leaves appeared to be the most suitable size
 
for nodal segment cultures.
 

The culture medium which was most suitable for auxillary shoot
 

regeneration and multiplication of teak nodal segments culture was the
 

T17 medium. The composition of the developed T17 culture medium was as
 

follows:
 

Composition of the T17 Culture Medium
 

1/2 SH Macronutrients (Schenk and Hildebrandt, 1972)
 

MS Micronutrients (Murashige and Skoog 1962)
 
Organic Components
 

Glycine 2 mg/l
 
0.25 "
 Nicotinic Acid 


Pyridoxine HCI 0.25 E
 

0.25 a
Thiamine HCL 


Hormones
 
0.3 "
 IBA 


a
1.0
BAP 

Sucrose 30.0 g/l
 

Agar 10.0
 

pH 5.7-5.8
 

203
 



Under favourable 
growth conditions, the multiplication rate and
cycle was about 2-4 shootlets/cultured explant/ 
45 days. The regenerated

shootlets could 
bc removed for remultiplication 
or for rooting about 45
 
days after culturing.
 

To remultipIicate, the removed shootlets were cut into nodalsegments and transferred to culture in the 
freshly prepared T17 culture
 
medium.
 

To produce plantlets, the shootlets of size ) 3.0 cm in length,which are the most 
suitable size for 
 rooting were selected. Culture

medium was thoroughly removed from shootlets through rinsing. The were
line-planted in plastic containers covered with lids. Sterile fine sand was 
used as the rooting medlum. During the rooting period (2-3 weeks),
the moisture and humidity inside 
the containers were 
kept at near satura
tion point. The light intensity was 1cw or under heavy shading condi
tions. The temperature was 25-30 0 c. The planted shootlets were venti
lated for a 
short time (3-5 minutes) 3 times a day. Under these conditions the rooting percentage vas as high as 90-100%. After rooting,
containers were transferred to warm and 

the 
numid conditions (in glasshouse)

for 2 weeks .or further growth and development of plantlets before they 
were transplanted in soil.
 

2. In Vitro Culture of Shoot-tips/Buds:
 

The results obtained _n this series study can be summarized as 
follows:
 

Sterilization Techniques 
 : There was 
 a marked seasonal

variation in contamination rate of cultured explants using 10% (v/v)
chlorox solution for 10 minutes, 
the lowest (10-30%) contamination rate
 
was in the shoot/bud sprouting season (April - June) whereas the highest
(80-100%) 
was in the shoot/bud dormant season (November-March). During
the dormant season, the contamination rate could be slightly reduced bysterilizing explants with 20% (v/v) chlorox solution for 10-20 minutes or 
with 0.1% (w/v) mercuric chloride solution for 10-20 
minutes. The high
contamination rate during this period was mainly due to the embeded 
microorgani 
 in the shoot/bud tissue.
 

Culture Medium for 
Shoot Growth : The culture medium suitable for shoct growth and development of cultured shoot-tips/buds from
 
mature trees 
was also the T17 medium as mentioned in Section 1 (above).
 

Shoot Growth and Development : There were 
marked seasonal

and clonal variations in growth and 
development of cultured 
explants

(shoot-tps/buds). Explants excised during 
the sprouting season (April-

June) had a higher shooting potential than those excised during the dor
mant season (November-March). In 
contrast, the 
basal callus of the cultured dormant explants was much larger than that of the cultured sprout
ing explants. 
 Within the culture season, the rate of shoot 
and basal
callus development in cultured 
explants also varied 
from clone to clone.
 
More studies are required to clarify the degree of 
clonal variation.
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Multiplication : The shoots (about 5 cm in height) were
 

removed, cut into nodal segments and transferred to culture for auxillary
 

shoot multiplication in the freshly prepared T17 culture medium. The
 

culture procedures for shootlet production were similar to those men

tioned in Section I (above).
 

Plantlet Productior : About 45 days after subcultuLing, the
 

shootlets were removed, individually separated from their cultured ex

plants and rooted under the conditions reported in Section 1 (above).
 

Nursery Lining : The plantlets (> 3.0 cm in height) could
 

be line-transplanted in nursery beds safely for future planting stump
 

production. Under observed conditions in May-June (1987) it was found
 

that the survival rate of the transplanted plantlets was as high as 80%
 

(i.e. transplanting during the raining period and the beds were shaded 
with cloth and/or split bamboo. Growth and development of the trans

planted plantlets are being observed.
 

3. In Vitro Culture of Callus:
 

Basal callus derived from cultured explants (See Sections I and
 

2 above), were multiplied in the modified T17 culture medium (IBA deleted
 

and BAP added up to 6 mg/I) and placed under continuous supplied light.
 

The multiplied callus was being cultured and treated for morpho/embryo

geneses.
 

4. In Vitro Culture of Anther:
 

Flower Bud Selection : The result of histological study
 

indicated that the suitable flower buds, of which yellow/jelly anthers
 

contain uninucleate microspores, were the 1.5-2.0 mm-diameter buds. The
 

smaller buds usually contained green/jelly anthers in which the sporo

cytes were in the meiosis stage, whereas the anthers of the bigger buds
 

were usually yellow/dense and contain binucleate pollen grains. The
 

flower buds could be stored safely for 3-5 days in the refrigerator
 

before being used as sources of explants for anther culture.
 

Sterilization : The selected flower buds could be steri

lized safely (> 65% with 10% (v/v) chlorox solution for 10 minutes and 

rinsed for 3 times with distilled water. 

Culture Medium : There are four types of modified media
 

which were found to be suitable for promoting pollen growth and callus
 

formation of the cultured anthers. These culture media are as follows:
 

Composition of culture media suitable for teak anther culture.
 

(I) MS basal medium (Murashige and Skoog, 1962)
 

+ 0.1 K + 2.0 pCPA (mg/I)
 

(2) MS basal medium (Murashige and skoog, 1962)
 

+ 0.1 K + 0.5 2,4-D (mg/I)
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(3) B5 basal medium (Gamborg and Wetter, 1968)
 
+ 0.1 K + 2.0 pCPA (mg/I) 

(4) SH basal medium (Schenk and Hildebrandt, 1972)
 
+ 0.1 BAP + 2.0 pCPA (mg/l) 

Cytological 
Study : Under suitable growth conditions, the
 
division of uninucleate microspores in the cultured anthers could be
 
observed. The chromosome number (n = 16) of the 
growing callus derived
 
from the cultures was very similar 
to that of the sporocytes in the
 
anthers of selected flower buds. The regenerated callus was the haploid
 
callus.
 

Treatments for Morpho/Embryogeneses 
: The derived callus is
 
being cultured 
and treated for its morpho/embryogeneses. Different con
centrations and of
types particularly 
hormones and vitamins in combina
tion with environmental tzeatments being
are tested for inducing morpho/
 
embryogeneses in the cultured callus.
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ABSTRACT
 

Attempts have been made to induce shoot bud formation from cultures 
of cowpea immature embryos. The immature embryos were cultured on the 
modified Murashige and Skoog (MS) medium which consisted of MS inorganic 
salts and B5 vitamins. The medium was supplemented with various combina
tions of benzyladenine (BA) and napthaleneacetic acid (NAA) concentra
tions and with various proline concentrations. In a separate experiment, 
the effect of relative concentration of MS minor elements were investi
gated. It was found that only a concentration of BA in the medium had a 
pronounced effect on shoot buds formation. The optimum concentration of 

BA appeared to be at 10 uM. The effects of NAA on the rooting ability of 
cowpea shootlets grown in vitro were also investigated. The result 
demonstrated that 0.1 uM NAA was the optimum concentration for root 
induction and root growth. 

INTRODUCTION
 

Cowpea (Vigna unguiculata), a grain legume species, is an extremely 
important source of plant protein for Africa. The plants can be grown
 
under marginal moisture and poor soil conditions. It is an agronomically
 
and nutritionall: useful alternative for cassava. Thus, it is also a
 
promising leguminous plant for the northeast region of Thailand. Consi
derable efforts have been made to study the cowpea as a possible source 
for food products which would relieve the protein malnutrition of North
east Thailand 6 .
 

Although cowpea is becoming a promising leguminous plant for the 
northeast, the average yield of local varieties is low, ranging from 200
 
to 300 kg/ha, due to plant susceptibility to a number of diseases and
 

insect pests. Therefore, various attempts have been made to improve
 
cowpea varieties. It is well known that the developing technology of 
plant tissue 7 culture can be used to produce plant variation which may
 
include new and valuable agronomic traits. This has led to the use of
 
this technology in cowpea improvement programs.
 

For this approach to be useful in the cowpea improvement program, it 
must be demonstrated that regeneration of cowpea plants from cells or
 

tissues which have been in culture for several months is possible.
 
Previous efforts of in vitro culture of cowpea have been limited to
 

embryo culture and anther culture 4 which are sought as solutions to
 
hybridization problems, and to shoot-tip culture 3 ,7 which has yielded
 
whole plant regeneration. To the best of our knowledge, full cowpea
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plant regeneration through callus or cell 
suspension cultures 
has never
been reported. Therefore, research 
on the development of methodologies

for cowpea tissue culture has been undertaken in the hope that this newtechnology for developing new 
plant varieties can of
be use to tie cowpea

breeding program. 

The experiment reported herein is part 
of the main project supported
by USAID. It presents evidence 
of adventitious bud formation 
on cotyledons lacking a growing point 
from cultured immature cowpea embryos.
 

MATERIALS AND METHODS
 

Immature embryos 
were selected as explant 
sources because 
of their
juvenile nature 
and high regenerative potential. Cowpea plants 
(Vigna
unguiculata c.v. IT82E-889) were field grown at Khon Kaen University.Pods were harvested and washed 
with soap. After a 20 sec 
soaking in 70%
ethyl alcohol, the pods were 
dissected and the immature seeds removed and
placed in sterile distilled water. These 
seeds were rinsed and transferred 
for further disinfection 
to a solution containing 5% (v/v) Clorox
(commercial bleach possessing 
5.25% sodium hypochlorite) plus 
a few drops
of Tween 80 for 15 min. The seeds were subsequently rinsed three timesin sterile distilled water 
for at least 5 min 
each time. The embryos
ranging in size from 1.5-2.0 mm, were asepticalty removed from the immature seeds and placed in culture media. All
5 media consisted of MS mineral elements and 2
[35 vitamins . Different growth regulators

as BA(10-30 uM), NAA (0.06-0.60 
such 

uM) and an amino acid, proline, (0-30 mM)were incorporated into the media. In a separate experimeint, the eLpr-tsof relative concentration 
of MS minor elements and MS FeEDTA were investigated. All 
media were adjusted to 
pH 5.8 and solidified with 0.7%
Difco 
 agar. The cultures 
 were incubated at 
 2 5-280c in darkness.
 
Observations were 
taken at 
the end of 8 weeks.
 

RESULTS AND DISCUSSION
 

Immature cowpea 
embryos were cultured in darkness due 
to the precocious germination effect 
of light. The results of a factorial experiment
on the effect of BA, NAA, and proline are shown in Tables 
 1 and 2. When no proline was added, 
it was clearly shown 
that the highest shoots
occurred in the medium which contained BA at 10 AuM and NAA at 0.2 uM.High concentration of both BA (30 -uM) and NAA (0.60 4AM) tend to inhibitshoot formation. 
 However, when the percentage of embryos 
which formed
buds (data not shown) were compared, it was clear that only BA exerted aneffect on shoot bud formation. The total mean concentration 
of NAA in
every trial was essentially the same (44 %, 46%, 45 %), while the averagemean concentration of BA in every trial increased from 29 % at BA 3 uM to52 - 54 % at BA 1,30 -uM respectively. The addition of proline did nothave any effect on the number of shoots formed (Table 1). However, thefrequency of shoot bud 
formation was 
slightly enhanced by the addition of
proline at 10 mM (50%) while proline at 20 mM caused a slight reductionin this frequency (38%) (Table 2). Addition of proline resulted in aconsiderable reduction on the degree of browning of callus tissues. Itwas also found that 
there was no interaction 
between the growth regulator
effect and the proline effect. 
 The effect of BA arid 
NAA on the frequency
 

208
 

http:0.06-0.60


of shoot bud regeneration and on the average number of shoot buds/culture
 
were again confirmed in the treatments supplemented with proline by
 

comparisons of the overall mean of BA and NAA (Table 1, 2). Therefore,
 
it can be concluded that BA is necessary for shoot bud formation in
 
cultured immature cowpea embryos.
 

The increasing of relative concentrations of MS minor elements did
 
not have any effect on the number of shoot buds formed (Table 3). This
 

1
result was different from that of Barwale et. al. who reported that
 
the percentage of organogenesis in callus cultures from immature soybean
 

embryos was increased with the increase of MS minor elements levels.
 
However, their result did not show the number of shoots produced.
 

In a separate experiment, the effect of increasing concentrations of
 
MS FeEDTA were also studied. Although there was no effect on the forma
tion of bud (data not shown), it has been observed that shoot growth
 
increased up to the level 4 and decreased at the level 6 (Table 3).
 

The effects of NAA on rooting ability of cowpea shootlets grown in
 
vitro were investigated. The results demonstrated that 0.1 uM NAA was
 
the optimum concentration for root formation and root growth (Table 4).
 

The study demonstrated that cultured cowpea immature embryos can
 
differentiate and form adventitious buds. Future study, involving the
 
maintenance of regenerative capacity and exploring cell culture, is
 
needed in order to determine that cowpea tissue culture can be useful for
 
cowpea improvement programs. 
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Table 1 
 Effect of Various Concentrations of BA, NAA, and Proline on the Averaqe Number of Shoot Buds per
Explant from Cultured Immature Cowpea Embryos. 
Observations were taken eight weeks after the
cultures were initiated, using CV. IT82E-889 with 40 embryos per treatment on MS medium with B5
vitamins.
 

Proline (0mM) 
 Proline (10mM) 
 Proline (20mM) 
 Over

all
 
NAA BA (uM) xBA (uM) 

)NAA ) of
 

3 10 30 
 x 3 10 30 x 
 3 10 30 x
 

0 )6 2.0±0.0 3.2±1.3 1.1±0.1 2.1 1.7±0.5 2.9±0.1 1.6±0.5 
2.1 2.0±0.5 2.6±0.5 
1.9±0.3 2.2 
 2.1
0.20 2.1±0.2 4.6±0.9 
 1.4±0.5 
 2.7 2.4±0.4 4.9±0.9 1.6±0.7 
3.0 1.8±0.2 3.3±0.7 1.8±0.5 
 2.3 2.7
 

0.60 2.1±0.1 3.1±1.1 
 1.4±0.9 2.2 
 2.1±0.9 3.2±0.6 
 1.7±0.5 
 2.3 2.6±0,5 3.2±0.6 2.2±2.3 2.7 2.4
 

x2.1 
 3.6 1.3 2.3 2.1 
 3.7 1.6 
 2.5 2.1 
 3.0 2.0 
 2.4
 

Overall X of BA; BA 3 uM = 2.1, BA 10 uM = 3.4, BA 30 uM = 1.6
 



Table 2 	Effect of Various Concentrations of BA, NAA, and Proline on the Percentage of Embryo which Formed
 
Buds from Cultured Immature Cowpea Embryos. Observations were taken eight weeks after the cultures
 
were initiated, using CV. IT82E-889 with 40 embryos per treatment on MS medium with B5 vitamins.
 

Proline (0mM) Proline (10m4) Proline (20mM) Over
all 

NAA 
(-UM) 

BA (-UM) BA (-uM) BA 4M) 
x 
of 
NAA 

3 10 30 X 3 10 30 x 3 10 30 X 

0.06 27±5.8 49±13.7 57±15.0 44 29±1.0 62±0.0 56±9.4 49 20±14.1 45±8.9 50±10.0 38 44
 

0.20 31±1.7 54±18.9 53±20.8 46 37±5.8 60±7.8 58±2.7 52 20±14.1 52±9.0 52±9.6 41 46
 

0.60 	 20±10.0 53±7.3 52±17.7 45 31±10.5 57±15.0 56±14.5 48 14±8.9 44±11.0 43±20.8 34 42
 

X 29 52 54 45 32 57 50 18 47 48 38
6 0  


Overall X of BAI BA 3-ouM = 26, BA lO-uM = 53, BA 30-uM = 53
 



Table 3 
Effect of Higher Concentrations of MS Minor Elements on the
Average Number of Buds in Cultured Immature Cowpea Embryos.
Observations were taken eight weeks after the cultures were
initiated, using CV. IT82E-889 with 40 embryos per treatment
 on MS medium with B5 
vitamins supplemented with BA 10 uM,
NAA 0.2 uM. 
 The minor elements are H3BO
 3 , MnS0 4 , ZnS04 ,
KI, Na2MoO4 .2H20, CuSO4 .5H20 and CoC12 .6H20"
 

Relative concentration 

number of shoot budsa
 

of minor elements
 

1 
1.96±0.60


2 

1.96±0.74
 

4 

1.92±0.47
6 

1.92±0.58
 

a Mean ± SD
 

Table 4 
Effect of Higher Concentrations of MS FeEDTA on Shoot Growth
in Callus Cultures from Immature Cowpea Embryos. 
Observations
were taken eight weeks after the cultures were initiated, using
CV. IT82E-889 with 40 embryos per treatment on MS medium with
 
13 uM BA, and 0.2 uM tNAA.
 

Relative concentration 

Embryo size (mm)


of FeEDTA 

1.0 2.0 

1 1.97 ± 2.10 0.770 . 1 8 a ±2 2.29 ± 0.41 2.41 ± 0.274 1.92 ± 0.73 2.44 ± 0.146 
 1.00 ± 0.00 
 1.25 ± 0.50
 

a Mean of shoot length ± SD expressed as a relative unit:
 
1 = 1-5 mm, 2 = 6-10 mm, 3 = > 10 mm. 
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Table 5 	Effect of NAA Concentrations on Root Formation and Root Growth
 

in Shootlets Obtained from Cultured Immature Cowpea Embryos on
 
MS FeEDTA Medium. Observations were taken four weeks after the
 
treatments, using CV. ITS2E-889 with 20 shootlets per treatment.
 

NAA (uM) 	 Root number Root length 

0.1 	 2.15 ± 0 . 7 7 a 2.00 ± 0.59b 

0.3 	 1.72 ± 0.48 1.74 ± 0.45 
0.5 	 1.40 ± 0.54 1.28 ± 0.38 

a Mean of root number ± SD expressed as a relative unit: 1 = 1-3,
 

2 = 4-6, 	 3 -- > 6. 

b Mean of root length ± SD expressed as a relative unit: 1 = 1-10 mm,
 

2 = 10-20 rm, 3 = >20 ,mn. 
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ABSTRACT
 

A rice husk down-draft gasifier has been designed and constructed,
 
and its performance investigated. This gasifier supplies producer gas,
 
which will, in the next stage of experimentation, be utilized to study
 
the collection efficiency of the improved cleaning system. The producer
 
gas generated from the gasifier was found to have a low content of hydro
gen (0.06 -0.16% by volume) and a comparable concent of carbon monoxide
 
(6-12% by volume). The proximate analysis of rice husk and char indi
cates a high amount of ash (20,32% wt in rice husk and 43.6% wt in char). 
As a result of proximate analysis, about 50% of rice husk remains as char 
in the gasification. 

INTRODUCTION
 

Gasification is a thermochemical process which converts coal and bio
mass to combustible gas, normally known as "producer gaso. Producer gas 
can then be used in an internal combustion engine. Biomass gasification 
- different from coal gasification - produces gas containing high content 
of tar and dust. it has been found that tar content can vary between 5.7 

1
and 27 gm/cm 3 of hot producer gas . Tar laden gases can quickly gum
 
the engine valves and necessitate a stoppage. The entire engine, in some
 
cases, has to be pulled apart and cleaned 2. Additionally, dust or gas
borne particles in the producer gas can easily damage the engine. As a
 

consequence, cleaning the producer gas or eliminating tar and dust from
 
the gas is an u1oavoidable step before the gas is supplied to the internal

combust'.on engine.
 

In normal practice, a producer gas cleaning system consists of a
 
cyclone, a filter, and sometimes a scrubber. Kaupp and Goss 3 have
 
investigated the following systems: a dry packed-bed filter, dry cyclone,
 
wet cyclone, and sieve plate scrubber in combination with dry packed-bed
 
filter of rice husk char. They found that the fourth cleaning system is
 
a highly efficient combination. However, the pressure drop across the
 
packed-bed filter is high.
 

Apart from the cyclone, which can efficiently remove particles with
 
5
sizes greater than 5 microns4 , , many investigators have been studying
 

other cleaning devices that will then be 	connected to the cyclone. These
 
7
include a packed bed of rice husk 6' , wet scrubber6 , and 	 fabric
 

filter7. These devices - particularly the fabric filter - can 	effec
7tively remove particles, but high pressure drop can be encountered5' .
 

Recently, the authors have introduced a novel producer gas cleaning
 

system8 . The system consists of a cyclone, three wet impingers, and
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standard filter 
paper. We 
found that 
the three impingers
efficiency of have a total
97% in removing 
tar and dust from the gas generated from
the gasification 
of eucalyptus woGd, and the 
pressure drop 
across
impinger is only 1.5 each
 cm of water. The 
result are encouraging.
sent, the above cleaning system is being 
At pte

further in'-esigated for its
collection efficiency when conne'ed to a rice husk gasifier.
 

MATERIALS AND METHODS
 

Instruments
 

A schematic arrangement of 
the cleaning system is 
illustrated in
Figure I. A down-draft gasifier 
 designed and constructed
Figure 2. This 
was as shown in
gasifier was scaled down 
ten times from the 
commercial
size, designed by 
Mr. C. Vongvanrungruang. 
 The material used
construction in the
was stainless steel. 
 The gasifier had a height of 150 cm,
and a diameter of 97 
cm; it sat on a stand, I00 cm high. Inside the
gasifier, there 
was a stirrer run automatically


Rice at the speed of 4 rpm.
husk was conveyed at a maximum 
rate of 500 kg/hr from a hopper
ting on the floor. The hopper couid hold 40 
sit

"g .?f rice husk and the con'eyor rotated at the speed of 200 rpm. 
 At the bottom of the gasifier was
a water Leservoir which could 
collect ash f-iling 
from the gasifier
during gasification. 
The gasifier was 
 i,
icketed.
 

Next to the gasifier 
were a wet scrubber, a 
2-hp blower, a
cyclone, an impinger and 
a demister. 
 The wet scrubber had
150 a height of
cm and cross-section 
area of 
40 x 40 cm; there were 5 inclined
plates inside. The cyclone was 

tice; its 

designed according to the standard pracupper cylindrical part 
had a diameter of 
30 cm and a height of
6 cm, the lower part tapered to a diameter of 7.5 cm. The wet 
impinger
was a cylinder, 28 
cm in diameter and 
100 cm long. (Figure 3).
ducer The progas flowed via a central duct, through 
a nozzle with a diameter of
cm. This inlet duct could be1.75 
moved vertically. The demisteremployed to remove water from was

the gas. It had a diameter of 50 cm. andwas filled with 
rice husk, about 70 
cm high (Figure 4).
 

Analysis of Gas Composition
 

The producer gas was collected in 
a U-tube before 
it entered the
wet impinger. 
 it was then analyzed 

gen, 

for the content of hydrogen, nitrooxygen, and carbon monoxide in 
a MS5A column, and the 
content of air
and carbon dioxide in a porapak N column. 
 Analyse were carried out 
by
means of gas cnromatography.
 

Proximate Analysis of Rice Husk and Char
 

Char, in this work, was 
the residue of
tion. rice husk after gasifica-
Both char and rice husk were analysed, by the proximate method for
moisture, ash, 
volatile matters, 
and fixed carbon. A sample 
was heated
in an oven at 110 C for 
I hour, and the decrease ini weight 
was recorded.
This decrease represented 
the amount of moisture in 
the sample. The sample was further heated at 750 0
 c until the weight no longer changed; the
decrease in weight at this 
condition was 
the ash content. Finally, the
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sample was heated at 950 0C, and the drop in weight of the sample then 

noted; the value obtained represented the amount of volatile matter. The 
residue of the sample was normally taken as fixed carbon, 

RESULTS AND DISCUSSION
 

The producer gas leaving the cyclone was found to have a temperature 

of about 30°C; its typical composition, analysed in the gas chromato

graph, is illustrated in Figure 5. The gas contained a very low amount 

of hydrogen, varying from about 0.06% by volume to 0.16% by volume 
(Figure 5a). Compared with the hydrogen content in the producer gas from 

eucalyptus wood (2-5% by volume) 8 , the obtained value indicated that 

rice husk may not be a suitable material for hyrogen production. Carbon 

monoxide content, as shown in Figure 5b, altered between 6% by volume and 

12% by volume; the result was comparable with that obtained in wood gasi

fication. Since hydrogen and carbon monoxide are the major combustible
 

constituents in producer gas, the heating value of the gas greatly
 

depended on the contents of these two compounds. With the heat of com
bustion of hydrogen at 57.8 kcal/gmol 4 (water in vapour state) and that 
of carbon monoxide at 67.6 kcal/gm.ol, the heating values of the producer 

gases obtained from wood and rice husk gasification were approximately 
8.49 and 6.82 kcal/gmol, respectively. Thus, at the same energy require

ments, the rice husk gasifier must be able to generate gas about 20-30% 
more than the wood gasifier. However, the conclusion should not be taken 

as a sole decisive factor in preference of a wood gasifier to a rice husk 
gasifier. Other factors such as the plant location, and the cost of bio

mass should be included in the consideration before any decision is made. 

Figures 5c and 5d illustrate the variations of oxygen and carbon 
monoxide contents in the producer gas. Oxygen varied from 4% by volume
 

to 10% by volume, and carbon monoxide content lay between 14% by volume 
and 20% by volume. Both results were higher than those in producer gas 

from wood gasification (4.5-5.5% for oxygen and 11-13% for carbon dio

xide)8 . This seems to indicate that rice husk is more difficult gasify 

to than wood. 

The proximate analysis of rice husk and char is summarized in Table I. 

The rice husk was found to be composed of 6.70% moisture, 20.32% ash, 

61.05% volatile matter, and 11.93% fixed carbon. The ash content of the 

rice husk was rather high when compared with ash content of 1.69% in 
ponderosa pine charcoal 9 and 0.2-2.0% in woodl0 , 11. The high value 

of ash content is due to the high content of silica in the rice husk.
 

Table 1 Proximate Analysis of Rice Husk and Char.
 

Content (% wt) Rice husk Char
 

Moisture 6.70 3.15
 

Ash 20.32 43.6
 

Volatile Matter 61.05 16.36
 

Fixed Carbon 11.93 36.89
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After gasification, 
the char was composed of
ash, 16,36% volatile matter, 
3.15% moisture, 43.6% 

all the ash 
and 36.89% fixed carbon. By assuming thatin the rice husk remained in the char, a simple calculationrevealed that every 100 gm of rce husk gasifies would yield 46.6char. In other gm ofwords, about 50% of rice husk remained ascation. char in gasifi-If the above method were applied to the pyrolysis ofdust 12, it would be found that saw

about 8% of saw dust remainedThis as char.roughly indicated the poor convertibility of rice husk. 

CONCLUSION
 

Rice husk, as shown in this study, looks asmaterial for 
if it is not a suitablegasification. 
However, due to its availaiiulitycost, rice and very lowhusk retains its popularity among thefield of biomass gasification. 

inve-st iqators in the
The present work con:tcrns itseLfwith the operation of r-ainlythe down-draft gasifier. Ininvestigation, the next stage ofthe performance of the impinger will be stIdied;matical relation between the a mathecollection efficiencyconfiguration will be 

oi impinger and itsderived, using dimension41j dnalysis methods.obtained relation will Thebe applied in scaling up the impinger. 
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ABSTRACT
 

Hevea 3-hydroxy-3-methylglutaryl coenzyme A reductase (Mevalonate 

NADP Oxidoreductase; EC 1.1.1.34) was partially purified from fresh latex 

of clone RRIM 600. The latex was fractionated by centrifugation at 

49,000 g [or 40 min. Bottom fractions were pooled and used for enzyme 

purification. The enzyme was solubilized from the bottom fraction 

(lutoii', by freeze-thawing in the solubilization buffer containing 1% 

Brij I and 20% glycerol. Affinity chromatography (agarose-hexane-HMG-
COA) w used in the final step of purification. SDS-PAGE of the enzyme 
showed .A molecular weight of 43,000 daltons as the enzy e subunit. 

Different activity levels of HMG-CoA reductase in Jatex from various 
known yield-ranking clones were observed. The effects of the yield sti
mulant Ethrel on the level of HMG-CoA reductase activity were studied. 
The stimulant showed no effects on the enzyme in Latex obtained from 
Ethrel treated trees as compared to the untreated controls.
 

INTRODUCTION
 

3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase catalyzes 
reduction of HMG-CoA to mevalonic acid, an important step in isoprenoid 
biosynthe .is. The enzyme has been extensively studied in both animals 
(1,2) and microorganisms (3). In higher plants the reaction catalyzed by 

HMG-CoA reductase has been proposed to be the first committed reaction 
step unique to the biosynthesis of a wide range of isoprenoid compounds 
(i.e. carotenoids, sterol, isoprenoidquinones, abscisic acid, gibberellic
 
acid and some naturally occuring cytokinins) as well as natural rubber 
(4,5). The presence of HMG-CoA reductase has been shown to occur in all
 
plant species tested such as sweet potato roots (6), radish seedlings
 
(7), tobacco seedlings (8); sygamore tissue culture (9), rubber latex and
 
leaf tissue (4,10,11) etc.
 

HMG-CoA reductase in the latex of Hevea brasiliensis has been shown 
to be membrane bound (12), similar to that found in animals. The enzyma
tic activity of HMG-CoA reductase in the latex .was first demonstrated and 
characterized by F. Lynen (13). our investigation showed a temporal 
variation of the enzyme activities during a 24 hour cycle (4). The level 
of HMG-CoA reductase activity observed closely correlated to~that of the 
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rubber content in late;, (4), suggesting the importance of this enzyme inthe regulation of rubber biosynthesis. In order to assess the significant regularly role of HMG-CoA reductase in rubber biosynthesis, purification of the enzyme is required for further characterization and refined 
studies.
 

In this study we presented methodology developed 
for soiubilization
and purification of 
Hevea 
HMG-CoA reductase. Activity levels 
of latex
HMG--CoA reductase obtained from various rubber clones as well as the rubber yield were investigated. 
 The effects 
of Ethrel treatment on the
latex enzymic activity were studied and also 
reported in this study.
 

MATERIALS AND METHODS
 

Chemicals 
: Commercial 
sources 
of chemicals 
used were as follows:
IL-3- 1 4 C-1IMG-COA (New England Nuclear), DL-HMG-CoA, DTT, NADPH, polyoxyethylene either W-1 (Brix W-1) and mevalonolactone (Sigma); Affi-Gel-Blue (Bio-Rad); agarose-hexane-HMG-CoA type 5 (P-L Bichemicals) andDEAS-Sephadex A-50 (Pharmacia). All other reagents and biochemicals were
analytical redgent grade. 

Collection and Fractionation of Latex : The latex was obtainedseveral regularly tapped 
from 

(S.2/D.2) Hevea brasiliensis trees ot variousclones as specified to the text (each approximately 17 years old). After
tapping, the latex was collectled for 15 min in an ice-chilled beaker.Te pooled latex was fracti onated by centrifugation at 49,000 g for 40Min. The pellets at the bottomn of centrifuge tuoe, 'bottom fraction',were separated and pooled. The bottom fractions were used for the assayof HMG-CoA reduct ase activit les and enzyme purification. The bottom
fraction was quite stable when stored frozen at -1OC. 

Assay of HMG-CoA Reductase Activity : The HMG-CoA reductase activity of the bottom or the active protein fraction (0.1-1.8 mg) wassayed on 0.05 asml of bdffer x (0.1 M KCI, 10 mM DTT, 5 mM EDTA, 0.1 MKxPO4, pH 7.0) containing BSA 0.1 rg, NADPH 0.4 ,umoles and DL-3- 1 4 CHMG-CoA 
120 nmoles (100 dpm/nmole). 
 The mixture was incubated at 370C
for 20 or 30 min as indicated. The reaction was stopped by the additionof 5 ul of lU N HCI. Unlabelled mevalonolactone was then added, and themixture was allowed to incubate for another 30 min for complete lactonization of the 
reaction product (mevalonic acid). 
 The precipitated protein was removed by centrifugation. The product of the enzyme reaction,;nevalonolactone, was analyzed by TLC using benzene/acetone (1:1, v/v)a solvent and developed under iodine 
as 

vapor according to the lijima et al(14) method. The zone of the mevalonolactone spots was scraped into ascintillation 
vial containing 
 10 ml of dioxane flour. Samples wereallowed to stabilize overnight before being counted in a Packard liquid

scintillation counter.
 

Enzyme Solubilization 
and Fractionation 
: Frozen samples of bottom
fraction were thawed at room 
temperature and 
homogenized 
in an equal
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volume of solubilization buffer A (0.1 M KxPO4, pH 7.0, 10 mM DTT 0.1 

M KC1, 5 mM EDTA) which contained 1% Brij W-1 and 20% glycerol. The 
detergent Brij W-L wa.s used in the solubilization of the enzyme according 

to the methods descr ibed by Bach et a 1. (15) A glass Potter E].evehjem 
homogenizer with a tight-fitting glass pestle was used in honogeniza
tion. After 10 downward p isses of the hand-driven pestle, the suspension 
was incubated at 3711C for 30 mri. The mixture was then rehomogenized 

and centrifujed at- 1)0,000 g tor 60 min at 4VC. The resulting super
natant which containod the s,). ubiltzed enzyme was isolated. This was 
then fracti onated my the slow addition of saturated ammonium sulfate 
solution to a final concent rat ion of 40%. After incubation at 400 C 
temperature for 3-b hour.;, the: mixture was centrifuged at 25,000 g for 30 
min. The ye lowLwiz; uppermost protein Layer was dissolved in buffer B 
containln b% Brij W-1 and dialyzed Against buffer B (50 mM KxPO 4 , 
5 mM EDTA, 0. 1A Brij W-1, 10 mM 2-Mecaptoethanol ) before subjected to 
further pur ifcatl on by chromatography. 

Chromatographic Procedures . The dizL yzed sample in buffer B was 
slowly loaded onto a column (40 x 2.5 cm) of DEAE Sephadex A-50, pre
viously equili rate, With tmuf[o B. The column was washed with buffer B 

with a flow rate (J.5 ilmii/n. The enzyme protein was eluted by adding KCI 

into buffer B at: a t et w :oncentration of 5U, 500 and 1000 mM respec
tively. The enzyme fract ,Loris were pooled and concentrated by ammonium 
sulfate precipitat lon ('0% saturat ion). The protein pellets were col

lected by cent- iLugat ion at ")1 ,000 x] for 30 min and dialyzed against 
buffer B. Thi, act ive frict ion was .then loaded in a Affi-Gel-Blue (100

200 mesh; 75-150 i) column ( [.5x5 cm), previously equilibrated with buf
fer B. The column i W; Waasuled with buffer B before eluted with the same 
buffer by the addit ion of 5'fu muM and 1000 mM KC1 respectively. Active 
fractions were pooled and loided onto a 1, ml HMG-CoA-hexane agarose 

column, previously equilihrated with buffer B. The enzyme activity was 
eluted by adding 100 mM KCI, L00 mM KCL and 5 mM NADP|I mixtures, 750 mM 
KCI and 1000 mM KCI, respectively. 

Gel Electrophoresis : Polyacrylamide gel electrophoresis (PAGE) -As
 

run either in the absence or presence of sodium dodecyl sulfate (SDS) 
using the Wvrier et al. (16) method. The Wray et al. (17) method was used 

for siLver 1 aining. 

Protein Determination : The protein concentration was determined by 
the Lowry et al. (18) method. 

RESULTS AND DISCUSSION
 

Preparation of Soluble HHG-CoA Reductase Various attempts to
 

solubilize HMG-CoA reductase from the bottom fraction of fresh latex were 
carried out using ditferent detergent compounds. Efforts to solubilize 

the enzyme with Triton x-.100, Brij 35 and Tween 80 were unsatisfactory. 
However, we found that maximum activity can be obtained in soluble forms 
by using polyethylene ether W-l, similar to those reported for etiolated 

radish seedlings by Bach et al. (15). After the solubilization process, 

all enzyme activity was present in the soluble or supernatant fractions. 

The enzyme activity remained stable it, the solubilization medium. 
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Purification of Solubilized Reductase Enzyme : The concentration
 
and purification of HMG-CoA reductase was achieved by ammonium sulfate 
fractionation and affinity chromatography. Affi-Gel-Blue, having a bio
specific affinity for nucleotide-requiring enzymes, and agarose-hexane-
HMG-CoA were used in the final affinity chromatography steps. Data for 
typical preparation and purification are presented in Table I. The 
specific activity of the reductase enzyme solubilized from a freshly 
prepared bottom fraction ranges between 0.4 to 0.7 nmole min-'mg - 1 . 
Solubilization leads to a 1.78 fold purification so that the specific 
activity of the enzyme in the soluble supernatant after centrifugation is 
around U.7 nmole min-Img - . Further purification was achieved by 
fractionating the supernatant with the addition of saturated ammonium 
sulfate solution to achieve a final concent ration of 40%. The uppermost 
yellowish enzyme protein layer was collected by centrifugation at 25,00Ug 
for 20 min. The ammonium sulfate fractionated enzyme resulted in about a 
five-fold purification. This was further purified by chromatography in a 
DEAE-Sephadex A-50 Column. The elution profile obtained is shown in Fig. 
1. The reductase activity was eluted from column with buffer B con
taining 0.5 M KCI. The pooled fract ion contained approximately 85% of 
added activity and gave a 22-fold increase in specific activity. Further 
purification on Affi-Gel Blue (Fig. 2.) and IMG-CoA-hexane agarose 
columns (Fig. 3) led to pur ificat ion and 77- and 257- folds respectively. 
Polyacrylamide gel electropio resis (in the presence o SDS) of 1U ug of 
protein from the put tied enzyme was carried out. The enzyme with a 
specific activity of 105 nml min-lmg - l applied to the gel exhibited 
one single major protein band (Fig. 4). The calibrate subunit molecular 
weight or tievea IIMG-CoA reductase was approximately 43,000 daltons (Fig. 
5). The subunit molecular welght- of 1IMG-CoA reductase from Hevea was 
similar to that reported for radish seed l ings (15) and considerably 
higher than that of rat livers ( 19,20). The pui i i ed enzyme showed a 
single prominent band wit rno IeLaint minor bandt in the nondenattaring gel 
eiectrophoresis as shOwn by the silver staininmg procedure. Investigation 
of further experiments for HMG-CoA reductase molecular weight dete'Lmina
tion and enzyme kinetics ite in progress. 

Comparison Studies on Activity Levels of Latex HMG-CoA Reductase 
from Various Clonal Types : It was earlier shown that HMG-CoA reductase 
activity varies diurnally and its activity was closely associated with 
dry rubber content in the latex (4). Our comparison studies on the 
extent of variations in reductase enzyme activity among various rubber 
clones is shown in Fig. 6. It is interesting to note that different 
clonal types gave different specific activities. ligh specific activity 
levels were obtained from the clones with higher rubber yield (i.e. KRS 
208, KRS 209 and RfiM 600 etc. ) . The high correspondent correlation was 
shown to be statistically significant:. 

Effect of Yield Stimulant Ethrel on the Level of HMG-CoA Reduc- tase 
Activity : E hrel is known to prolong the flow time of latex with- out 
increasing the dry rubber content. Our result-s reported in Table II show
 
that there was apparently no increase on HMG-CoA reductase activity in 
latex obtained from rubber trees tapped after a week of Ethrel appli
cation as compared to the untreated control. This evidence suggests that
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the 	HMG-CoA reductase activity level was not affected by ethylene re

leased from Ethrel. Higher total rubber yield on Ethrel treated trees 

was probably due to the lengthening of flow time by expansion of the rub

ber 	drainage area below the tapping cuts and not due to an increased rate
 

of 	 rubber biosynthesis. Further investigations on molecular actions of 

the 	yield stimulant on rubber biosynthesis enzymes are in progress.
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Table 1 Purification Protocol of Hevea HMG-CoA Reductase
 

Fraction/step 
 Total Total 
 Total Specific yield 
 purification

volume protein activity activity 
 (%) (fold)

(ml) (mg) (nmoles MVA (nmoles MVA
 

formed formed
 
/min) /min.mg)
 

Bottom fraction in
 
Buffer B

0uf+Brij w-l (1.1) 80 
 848 347.7 0.41 100
+ Glycerol (20%) 1
100 866.7 449.5 
 0.52 129.3
190,000 x g supernatant 1.3
95 570 404.7
0-40% (NH4 )2SO 4 

0.71 116.4 1.78
20.5 136.4 267.4 
 1.96 
 76.9
DEAE-Sephadex 4.8
109 24.8 227.4 
 9.19 
 65.4 
 22.4
 
0.90% (NH) 2 

Affi-Gel glue 

so4 6 7.3 88.6 12.13 25.5
10 29.6
1.5 47.3 31.95 13.6
HMG-CoA-hexane-agarose 77.9
4 0.37 39.1 
 105.65 
 11.3 
 257.7
 



Table II 	 Effects of the Yield Stimulant Ethrel on the Level of Latex
 
HMG-CoA Reductase*
 

Clonal Ethrel HMG-CoA reductase activity
 
types treatment nmoles MVA formed/min.mg
 

RRIM 600 - 7.53 
RRIM 600 + 5.41 
GT 1 1.20 
GT 1 + 1.12 

* 	 Bottom fraction protein used for each incubation ranged 

from 0.4-0.6 mg. 
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Figure 1 	 Purification of Solubilized Hevea HMG-COA reductase from
 
DEAE-Sephadex A 50. 
 The position of arrows indicates
 
the changes of salt concentrations.
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Figure 2 

~~231 

Purification of Active Fractions Obtained from the DEAE-
Sephacex Column on Aff i-Gel Blue Column. The position 
of arrows indicates the charnges of salt concentrations. 
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Figure 3 	Purification of Hevea HMG-CoA Reductase on Affinity

Chromatography Column Using HMG-CoA-Hexane-Agaros,.
-Arrows indicate changes of salt concentrati.ons with
 
or without NADPH addition.
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Figure 4 	SDS-PAGE of Purified 1, :)ea HMG-CoA Reductase (gel B).
 

The relative positions of prot,--n standards are
 

indicated on the gel at left (gel A).
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Figure 5 
 Molecular Weight Calibration of Hevea HMG-CoA Reductase

Monomeric Polypeptide. 
Both purified enzyme and
standard proteins were investigated on separate gels

under 8% SDS-PAGE.
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Figure 6 	Correlation of Latex HMG-CoA Reductase-Specific 
Activity ( ) and Dry Rubber Yield (_ ) 
Among TEn Rubber Clones. Each value is the mean I 
S.E. of results obtained from 3 experiments. Three
 
trees were used per Hevea clonal type.
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IDENTIFICATION OF SURFACE ANTIGENS AND PRODUCTION OF MONOCLONAL ANTI-

BODIES IN Schistosoma japonicum (CHINESE & PHILIPPINE) (6.390)
 

PRASERT SOBHON, WANNANA PANUWATSUK, CHINNAVAT THARASUB, SUCHART UPATHAM, 
THANIT KUSAMRAN AND VITHOGN VIYANANT 
Faculty of Science, Mahidol University, Bangkok 10400 

ABSTRACT
 

The patterns of 12 51-labelled surface proteins and immunoprecipita
tions by mouse antisera to S. 'aponicum (Chinese) (ISCH, to S. japonicum 
(Philippine) (ISPH), to S. mansoni (ISMA) and human immune serum to 
S. japonicum (Philippine) (IHPH) are identical for adults of both strains
 
of S. 1aonicum. The 1 2 5I-labelled surface proteins consist of 18 
bands, with the heaviest labelled at bands J.80,000; 158,000; 128,000 and 
15,000. Immunoprecipitations by ISCH, ISPH, AND IHPH result in similar 
patterns. The most intense band that stands out in contrast to others is 
128,000, which is not precipitated by ISMA, a mouse antiserum against 
S. mekougi (ISME), or mouse antiserum against S. hematobium (ISHE); thus 
it is the most unique and specific antigen detected only in S. jaoonicum. 
Other bands with moderate precipitation against ISCH, ISPH and IHPH are 
205,000; 180,000; 158,000; 45,000; 38,000; 34,000; 30,000; 26,000 and 
23,000. It should be noted that mouse and human antisera produce 
identical patterns and that these bands show slight to moderate cross
reactions with ISMA. Bangkok 150,000 is probably non-specifically preci
pitated, since it is always intense against all antisera as well as non
immune serum. In addition, it was found that band 86,000 is specially 
and heavily precipitated agairst ISME and ISHE. The rest show as similar 
the light cross-reactions to ISME and ISHE as to ISMA. In conclusion, 
adults of S. 12ponicum (Chinese & Philippine) show a major and non-cross 
reacting surface antigen to ISMA, ISME and ISHE at 128,000 and 158,000, 
and a specifically crossreacting antigen to ISME and ISHE at 86,000. The
 
rest of the surface proteins show light to moderate cross-reactions to
 
ISMA, ISME and ISHE.
 

INTRODUCTION
 

Human schistosomiasis is still a serious public health problem in 
China, the Philippines, Indonesia and Indo-Chinese states that include 

- 4parts of Laos, Cambodia and VietnamI . A few sporadic cases of human 
schistosomiasis were reported in the northern, north-eastern parts of 
Thailand bordering Laos and Cambodia and in the southern part of
 

- 7Thailand 4 , and Pahang and Perak states of Malaysia 5 . In Indonesia, 
schistosomiasis is endemic in the region around Lake Lindoe in central 

- 9
Sulawesi8 . Two predominant species of schistosomes were found to be
 
responsible for schistosomiasis in the Orient, namely, Schistosoma
 

4
japonicum and Schistosoma mekongi3- . The former consists of various 
geographic strains; of which the Chinese and Philippine strains are 

237
 



medically the most 
important because of 
their widespread occurrences. On
the other hand, S. mekongi is 
 responsible for schistosomiasis 
in the

Lower Mekong Basin area that 
encompasses parts 
of Laos, Cambodia and
 
north-eastern Thailand.
 

One of the main strategies for control of schistosomiasis is laboratory study that will ultimately lead to 
the production of vaccines, that
 can be conveniently administered 
 to the population at risk. The
rationale for the development of vaccines is based on the findings thatwhen human hosts receive primary infection, both humoral and cell
mediated immunities are induced. These concomitant immunities protect
hosts against reinfecting schistosomulae, though adult worms from theprimary infection evolve an evasion mechanism that makes them resistantto the hosts' immunities1 0 . It has now been established both in vivo
arid in vitro that young schistosomul&e are only susceptible to immune
effector mechanism within the first few days of their transformation from12
cercariaell, . rTe primary goal of using vaccines is, therefore, to

induce immune mechanism in hosts that can kill the schistosomulae at thisstaqe. It is amply demonstrated tnat the immune attack occurs on thesurface of young parasites; and reciprocally, older 
parasites can evade

host 
 immune attacks through the modification of their outer membrane.Hence, bi oc nemicj t a nd immu nochemica I characterization of paras.te

tegument, especially that of the outer membrane, is the key to under
standirng the interactions between the host immune system and the para
site, and the ldtrter's evasion mechanism. In addition, the identifica
tion a nd charact er izat ion of major surface antigens that can elicit
concomit t limunity in hosts is essential if some of them are to beselected for use in the new immunodiagnostic methods as well as for an

eventual production of vaccine. Therefore, in this project our major
objecti1ves are as follows: 

1. To identify and characterize antigens on the surfice of the
 
teguments of S. Japonicum (Chinese 
 & Philippine), and to stu.dy crossreactions with surface antigens of other schistosome species ir, order to 
define major antigens that 
can illicit concoinittant immunity in hosts;
 

2. To produce monocional antibodies (MAB)s against these

surface ant igens, so that MABs can used
be to detect major surface

antigens that confer protective irmmunity. Consequently, these antigens
and MABs can be used for improvement of immunodiagnostic methods and 
possibly future production of vaccines.
 

In this report the first part 
 of the results concerning the

identification 
and characterization of 
major surface antigens of adult S.
japonicum (Chinese & Philippine) are presented. 

MATERIALS AND METHODS
 

Collection of 
 adult schistosomes. S. japonicum (Chinese &
Philippine) 
cycles were maintained in Oncomelania 
hupensis hupensis and

Oncomelania hupensis cuadrasi under laboratory conditions. Adult worms were obtained 
from Swiss albino 
mice, infected 8-week previously with
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cercariae, by portal perfusion with 0.15 M sodium chloride and 0.05 M 

sodium citrate. The worms were washed 5 times with Minimum Essential
 

Medium (MEM) (GIBCO) before being used.
 

Collection of antisera. Infected mouse antisera were obtained 

from Swiss albino mice, each infected with 30 cercariae for 8 weeks, by 

heart puncture. Animals were bled and the blood was allowed to clot at 

25 0 C for 3 hours. The clots were removed and the antisera were centri

fuged at 1000 x g tor 5 minutes to obtain clear supernatants. Normal 

mouse serum was obtained in a similar manner from uninfected mice, and 

the normal human serum was obtained from volunteers. In addition, human 

antiserum against S. 1opjnicum (Philippine) was kindly provided by 

Professor E.G. Garcia of the Institute of Public Health, The University 

of Philippine, Manila, The Phi lippines. 

1 25 I.
Surface antigen labelling with Adult male S. japonicum 

were radiolabelled by 1251 using the Iodogen method of Fraker & Speck, 

(1987)13 by using IO uCi Na1 2 51, 100 ug Iodogen (Piere Chemical 

Company) per 100 adult male parasites. The labelling time was 5 minutes 

and this was stopped and chased with 5 mM KI. Labelled parasites were 

rapidly frozen and tnawea in 50 mM Tris-HCI pH 7.4,. 150 mM NaCI, 10 mM 

EDTA and I mM PMSF (TNEP ouffer) in cycles using dry-ice 10 times. 

Immunoprecipitation of )251 surface antigens by immune sera.
 

Immunoprecipitations were set up using labelled surface antigens from 

freeze-thawed fractions of tegument at IO0 ul (106 ct/min) per aliquot,
 

and these were clarifiLed by incubation with 1i ul of normal serum. After 

10 minutes the complexes were precipitatod by the addition of 100 ul of 

10% protein-A Sepharose and centrifuged at 2000 x g for 10 minutes at 

40C. Supernatant were incubated with species-specific immune sera as
 

well as immune sera against other schistosoma for 30 minutes at 370 C,
 

and kept further overnight (18 hrs at 40 C). The antigen-antibody
 

complexes were then precipitated with protein-A sepharose. The immmino

precipitates were centrifuged at 2000 x g for 10 minutes at 40C to
 

obtain a pellet and then washed 3 times in phosphate buffer saiine pH 

7.4. Each of the pellets were then treated with 50 ul of sample buffer
 

(62.5 mM Tris-HCl, pH 6.8; 2% SDS: 5% B-Mercaptoethanol and 10% Glycerol) 

and boiled tor 2 minutes to complete the dissolution.
 

Electrophoresis and autoradiography. SDS-polyacrylamide gel elec

trophoresis (SDS-PAGE) was carried out according to the Laemmli
 

(1971)14 method. Electrophoresis was performed on 12.5% gels. The
 

voltage was set at 100 volts and gel run for 4.5 hrs. After drying, the
 

gels were exposed to X-ray film (Kodak XO mat RP film) using intensifying 

screens. Autoradiographs were developed in Kodak GBX using developing 

time of 2 minutes. 

EM autoradiography (EMARG) of labelled worms. In order to monitor
 

the sites of 125I labelling EMARG was performed. The worms were wasned 

after 125I labelling, fixed in 2.5% glutaraldehyde in 0.1 4 cacodylate
 

buffer pH 7.2 for 18 hirs. at 4 0 C. After rinsing 3 timnes in cacodylate 

buffer, the worms were postfixed in 1% OsO4 in cacodylate buffer for
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2 hrs. and washed 3 times with a cacodylate buffer. Following washings,
worms were dehydrated and embeded 
in Araldite 502. 
 About 300-507 A thin
sections were cut 
with Proter-Plum MT-2 
ultramicrotome 
and coated with
Ilford L-4 
 emulsion maintained 
at 450C and diluted 1:1 (V/V) with
H20- Autoradiographs 
 were exposed, developed in undiluted 
 Dektol
developer (Eastman Kodak Company) for 
2 mins., fixed for 10 mins., washed
in water, dried and stained with lead citrate and uranyl acetate,
 

RESULTS AND DISCUSSION
 

ldentification 
and Comparison of Irmunogenic Surface Proteins 
and
Glycoproteins of Adult S. mansoni, S. japonicum (Chinese & Philippine) by
Immunoprecipitation (Tables 1 to 3; 
Plates 1-3)
 

Immunoprecipitation 
of surface antigens from S. mansoni 
(Table

1; Plate 2 A, B)
 

For comparison with oriental 
schistosomes, 
we have watched
adult S. mansoni under similar conditions. Our results indicate that the
1251-labelled surface proteins of adult 
 S. mansoni consisted of 15
bands, with 
the most intense bands of M.W. 
26,500; 29,500 and 
 15,000,
and moderately intense ones 64,000; 
58,000 and 42,500. Fourteen bands
were precipitated by 
mouse immune serum against S. mansoni 
(ISMA), with
the heaviest precipitation at 15,000, 26,500 and 29,500.

sera Mouse immnune
aqainst S. japonicum 
(Chinese & Philippine - ISCH & ISPH), againstS. mekongi (ISME), and against 
S. haematobium (ISHE) all 
showed-crossreactions with 
S. mansoni antigens (MA), 
with heaviest precipitations
15,000, 26,500 at
and 29,500, respectively. However, we believe 
that, band
15,000 is non-specific, since it was precipitated by all immune sera, as
well as rion-inunune serum. 
This also occurs in other parasites, and it is
possible that this band represented small molecular weight, fast 
moving

lipoproteins or glycolipids of 
the surface membrane.
 

The surface antigens of S. mansonipreviously by many groups 
have been characterized

of investigators, with slightly varied
results. By using radio-labelling with 1 25I or 3H 
and one-dimension
SDS gel electrophoresis, differences in 
the number and 
exact molecular
weights have been reported; however, most investigators generally agree
that there are about 7 to 15 bands of 
surface proteins and glycoproteins,
ranging in molecular weights 
from 12,000 to 
200,000 daltons. Most
labelled proteins 
and glycoproteins 
could be immunoprecipitated with
antisera from patients and 
infected animals; 
 the reported molecular
weights of major precipitated protein 
and glycoprotein antigens vary
considerablyl5 25
- . 'aylor 19
et al. , utilizing iodosulphanilic acid
to label schistosomulae, could 
precipitate polypeptides with MW 
185,00;
68,000 and 24,000 daltons with infected human 
sera. Dissous et al. 20,
on the other 
hand, could imunoprecipiLate polypeptides with MW 100,000;
40,000; 37,000 and 32,000 and 20,000 
- 25,000 with immuned rat and humansera, following the 125i labeling 
of schistosomula surface antigens by
the lactoperoxidase method. Using similar 
 techniques, Simpson
al. 2 4, showed that there are 
et
 

seven major proteins with MW 94,000,
68,000, 45,000, 40,000 
to 32,000, 22,000 
and 16,000 on the surface of
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3-hour schistosomulae. On the other hand, Samuelson & Caulfield2 3 

using galactose oxidase/Na B3 H4 revealed 12 bands of major surface 

glycoproteins and 7 glycolipids on newly transformed schistosomulae. B3y 
contrast, Strand Cot al. 22 (20u(Id tmmunoprc _pit at e up to L5 bands of 
glycoproteins (MW 210,000 t o 12,000) i solat ed from the surfaces of 

cercar iae and adult parasi t-es by ConA-af ti 1tit y ctr omat og raphy. Indeed, 

the number of i munoprcipit,,hle surface prot.,.ins and glycoprot.eins in 
schistosomulae can be as lhign as 35 bands if resolved by two-demensional 

gel electrophoresis 22. in general, it was agreed that, despite the 
difference in morphology of various development-al stages from cercaria to 
adult, it was found ttnat the surface proteins of cercariae and various 
stages schist osomn I a. a nd even aduIt s also showed marked 

simiIarity 1 5 , 2 3 , 2 6,29 

Fur t hermore, dQ:Spite the vari at ions in the number of bands 
and their molecular Weights, recent studies revealed t hat schistosomulae, 
lung-staqg and edu!t worms share some common surface ant igens which may 
become "nI dden" in tIle latter 2 8 ,2 9 . )i:;sous & Capron (1983)28 

demonstrated a common ant igenic determinfant shared by surface molecules 
with MW 38,000 daItons on newly transfor med !;ch stcsomulae and 115,000 
daltons on adult parasites. Payares et iI. (1985) 29 also snowed that 
schi stosomu lae, ILung stage and adult. worms bear prominent common surface 
antigens with MW 32,UDU to 38,000 and 20,000 da itons, whereas an antigen 

with MW 25,000 daIt ons was found only in lung stage arid adult worms. 

Furthermore, it was shown in these studies thait ant isera against the 
purified membrane of adult par as i 1es and monoclonal antibodies raised 
against adult ant igens can readily ill scitistosomulae in vitro. This 
evidence strongly supported tne concept of 'concoitant immunity", and 

demonstrated the possibility that certain surface antigens may be 
selected as potential candi dates fot the ultimate production of vaccines. 

Immunopc',cipitation of surface antigens from adult S. japonicumn 

(Chinese & Philippine) (Table 2 & 3; Plates 1,1 C, D & 3 A, B). 

The resuLts obtained from the EMARG indicate that over 95% 
of positive silver grains occurs on the membrane covering ridges or pits 
of the parasites' tegument (Pt. 1); therefore, it is safe to assume that 
the labelling by 1251 occurs, primarily on the proteins associated with 

the surface membrtne of the parasites' tegument. The patterns of 
1 2 5 Ilabelled surface proteins and iirununoprecipitations by ISCH, ISPH, 

ISMA and human immune serum against S. japonicum (Philippine) (IHPH) are 

identical for both strains. The 12 5 -- labelled surface proteins consist 

of 18 bands, with te heaviest labelling at bands 180,000; 158,000; 

128,000 and 15,000. Immunoprecipirations by ISCH, ISPH, IHPH result in 
similar patterns. The most intense band that stands out in contrast to 
others is 128,000 which is not precipitated by ISMA, ISME, or ISHE: thus 
it is the most unique and specific antigen detected only in S. japonicum. 
Other bands with moderate precipitation to ISCH, ISPH and IHPH are 
205,000; 180,000; 15,000; 45,0(0; 38,000; 34,000; 30,000; 26,000 and 

23,000. It should be noted that mouse and human antisera produce iden
tical patterns and tthat. tnese bands show slight to moderate cross
reactions with ISMA. Like S. mansoni band 15,000 is probably non-speci

fically precipitated, since it is always intense to all antisera as well 
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as 	non-immune 
serum. In addition, 
it 	 was found 
that band 86,000 is
specifically and 
heavily precipitated to ISME and 
ISHE. The rest show
similar and light cross 
reactions to ISME and ISHE as to ISMA.
 

In conclusion, adults of S. japonicum (Chinese & Philippine)
show major and non-cross 
reacting surface antigens 
to ISME, ISME ahd ISHE
at 	128,000 
and 	158,000, and specifically cross-reacting antigen against
ISME and 
ISHE at 86,000. 
 The 	rest of the surface proteins show light 
to
moderate cross-reactions to ISMA, ISME and ISHE.
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Table 1 Immunoprecipitations of 1 25
 1-labelled Surface Proteins of Adult Male S. mansoni by Mouse
Antisera to 
S. mansoni (ISMA), 

(ISME) and S. 

S. japonicum (Chinese & Philippine -ISCH & ISPH),
hematobium (ISHE), S. mekon
and Comparisons to 
the Resulted on Adult S. mansoni as
Reported by Shah and Ramasamy (1982)15 and Hayunga (1979 a, 
b)16,17.
 

(Refer to Plate 2 A & B)

Immunoprecipitations of 
adult 
 1251 labelled surface
S. mansoni Immunoprecipitations of adult


1 2 5 1-labelled 
 proteins of S. mansoni 12 5
 Surface proteins as 
male S. mansoni 1-labelled
reported by 

surface proteins by


Shah & Ramasamy Hayunga 
et al 

ISMA ISCH ISPH 
 ISME ISHE
(1982)* 
 1979 (ab)**
(MW X 10- 3 ) 3(MW X 10- ) - 3
(MW X 10 ) 
 -(ME X 10 3 ) 

5

>150 >205 (+) 
 ++ +
160(+) ++ 

+ + +
 
102 + +100 + +105(+)

78 ++ + + + +78 
 80 (+) 
 + _
 -
 68 
 64 (++)
59 ++ + + +60 +
58 (++) ++ 
 _ 
 _
50 (+)

45 43 - 42.5(++) ++ + + -

35 36 37 (+) 

+ + 
_ + _34 (+) _
+ + + + +-
 30 
 29.5(++) 
 ++ ++ ++
- ++ ++
26 
 26.5(+++)
22 20 +++ ++ ++ ++ ++22.5 
 + + + 
 + +
-
 19 (++) 
 ++ + +
12 +
415 (+++) +
+++ +++ +++ +++ +++ 

(15 bands)
 

"+ sign indicates 
relative intensity of 
the protein bands;
+++ "= intense 0+0 = light; '++" moderate;

Eo e a eShah, J. & Ramasamy, K. (1982) Int. J. Parasitol. 12, 451-461. Hayunga, E.G., Murrell, K.D.,
Taylor, D.W. & Vannier, W.E.
** (1979 a) J. Parasitol., 65, 488-496.
Hayunga. E.G., Murrell, K.D., Taylor, D,W. & Vannier, W.E. (1979 b) J. Parasitol., 
65, 497-506.
 



Table 2 	Immunoprecipitations of 1
2 51-labelled Surface Proteins of Adult Male S. japonicum (Chinese
 

by Mouse Antisera to S. japonicum (Chinese & Philippine - ISCH & ISPH), Human Antisera to S.
 
S. mansoni (ISMA) and
japonicum (Philippine - IHPH)*, and Mouse Antisera to S. mekongi (ISME), 

S. hematobium (ISHE). All samples were pre-absorbed with normal mouse or normal human sera.
 

(Refer to Plate 2 C & D)
 

1 2 5I Labelled 


Surface Proteins 


(MW X 10- 3 ) 


205 (+) 
180 (++) 


158 (++) 

128 (++) 

114 (+)

Ln 	 86 (+) 

68 (+) 
62 (4) 
56 (+) 
48 (+) 
45 (4) 
38 (+) 
34 (4) 
30 (+) 
26 (4) 
23 (4) 
19 (4) 
15 (+++) 

(18 bands)
 

Immunoprecipitated 


by ISCH,ISPH,IHPH 


(MW X l0

++ 
++ 


++
 
+++
 
+ 
+ 
+ 
+ 

++ 


++ 

++ 
++ 

+ 
+ 
+ 
+++ 


3 ) 


Immunoprecipitated Immunoprecipitated
 

by ISME, ISHE by ISMA
 

-
3 )
(MW X 10- 3 ) 	 (MW X 10
 

+ 	 + 

+ 	 +
 

+ 	 + 
+ 
+ + 
+ + 

+ 	 +
 

+ + 
+ + 
+ 	 +
 
+ + 
+ + 
+ + 
+++ 

"+" sign indicates relative intensity; + = light, +' moderate; +++ = intense. 

* IHPH - kindly supplied by Prof. E. Garcia, Institute of Public Health, University of the 

Philippine System, Manila. 



Table 3 	Immunoprecipitations of 12 5 1-labelled Surface Proteins of Adult Male S. japonicum
(Philippine) by Mouse Antisera to S. japonicum (Chinese & Philippine -
Human Antisera to S. japonicum (Philippine - IHPH), 	
ISCH & ISPH),

and Mouse 	Antisera to S. mansoni
(ISMA). 
 All samples were pre-absorbed with normal mouse or 
normal human sera.
 

(Refer to Plate 3 B)

1251 Labelled 
 Immunoprecipitated 
 Immunoprecipitated


Surface Proteins 
 by ISCH,ISPH,IHPH 
 by ISMA
 
(MW X 10-T) 
 (MW X 10--) 
 (MW X i0-	 )
 
205 (++) 


++ 

180 (++) 	 ++
 

++ 

158 (++) ++
 

+ 
128 (++) 

114 (+) 	 +++ 

+ 
 +86 (+) 	 + +
68 (+)
62 (+) + +
56 (+)
 
48 (+)

45 (M) 


++ 

38 (+) ++ 

++
 

34 (+) 	 ++ 
++ 
 +
30 (+) ++ 


26 (+) +
 
++ 


23 (+) ++ 
+
 

+
 
19 ( )
15 (+++) 
 +++ 

-..
 
(18 bands)
 



Plate 1 	 Electron microscopic autoradiography (EM-ARG) to detect the
 
12 5 1-labelling sites on the tegument of S. japonicum (Chinese
 
& Philippine) following iodination by the lodogen method.
 
A & B) EM-ARG of the tegument of an adult male S. japoncium
 

(Chinese).
 
Notice that most silver grains (arrow heads) lie either
 

just outside or on the membrane of pits (Pt) and ridges
 
(Ri). X 20,000.
 

Plate 2 	Immunoprecipitation patterns of 1 2 5I-labelled surface proteins
 
from adult male S. mansoni (MA), S. japonicum (Chinese - CH) by
 
mouse immune sera against S. mansoni (ISMA), S. japonicum
 
(Chinese 	& Philippine - ISCH & ISPH), S. hematobium (ISHE),
 
S. mekongi (ISME), and human immune sera against S. japonicum
 
(Philippine - IHPH). The gels used in all cases were 12.5%
 
SDS-PAGE, and all samples were preabsorbed with non-immune mouse
 
serum (NMS).
 
A & B) duplicate experiments on S. mansoni
 
C & D) duplicate experiments on S. japonicum (Chinese), in 'D'
 

different lots of mouse antisera (1, 2, 3, 4) were used.
 

Plate 3 	Immunoprecipitations of 12 51-labelled surface proteins from
 
adult male S. jponicum (Philippine) (PH) and S. mekongi (ME) by
 
ISMA, ISCH, ISPH, ISME, ISHE and IHPH. All samples were
 
preabsorbed with normal mouse serum (NMS), and the gels used
 
were 12.5% SDS-PAGE.
 
A) S. japonicun (Chinese) - for comparison
 
B) S. japonicum (Philippine)
 
C) S. mekongi - for comparison
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ENHANCING GENETICS VARIABILITY AND BREEDING IMPROVED SESAME (S. INDICUM)
 

CULTIVARS (C5-147)
 

VICIiiTR BENJASI.I/, TIHANOM DOA NGARM AND SAISUNEE RUNGSIPIYAKUL 2 / 

I/Field Crops Research Institute, Department of Agriculture, Bangkhen, 

Bangkok, Thailand 

2_/Research Agronomist Ubol Ratchthani Field Crops Research Center, Ubol 

Ratchthani
 

ABSTRACT 

Thailand - Israel cooperative research project on sesame breeding for 
a high yield and desirable characteristics has been conducted since 1985.
 

A collection of sesame lines and cultivars were studied and crosses were 
made from selected parents in both Thailand and Israel. Combining deter

minate mutants and non-shattering characteristics to the adapted high 
yielding types, the selection was made from segregating populations by 

the plant to row method. F4 progenies are being grown now at U-bol Field 

Crop Research Cent_r in 1987 for further selection. Cultivars with high 

yield, determinate and non-shattering characteristics are desirable. 

INTRODUCT [ON
 

Sesame is one of the world's most important oil crops. It is grown 

mostly in developing countries and by small farmers. Sesame seed is rich 

in oil content (5U*) of excellent quality and protein (25%) of sulfur

containing amino acids. Sesame meal has been used for animal feed and 
defatted flour ca, be used for human consumption.
 

Sesame has important agricultural advantages: it produces set seeds 
and large yields under relat ively high temperatures, and it can store 

soil inoisture without rain or irrigation. It can be rotated with other 
main crups j: areas and tte seasons when other crops cannot be grown. 

However, very little researcn in the past has been devoted to sesame. 

Limited research nas been done in less developed countries where funds 

and scientists are scarce. No International Research Center has sesame 

as its mandated crop. Furthermore, sesame research in developing coun

tries can not benefit from research done in developed countries, as has 
been the case in many other crops, because sesame is a very minor crop or 

is not grown in developed countries. Therefore, mean yields of sesame
 

are very low although potentially they could be much higher. Various 

factors are responsible for the low yield, such as erratic rainfall, low 
input levels, uneven ripening of the capsules, dehiscence and seed shat

tering, diseases and insects. 

Yield components of sesame consist of many characteristics of the 

sesame crop itself and its related functions that contribute to seed 

yield. All of these characteristics must be improved by plant breeding 
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either singly or in combinations. 
 The plant characteristics 
are as
 
follows:
 

- Height 
-
 numbers of days to first flowering
 
- numbers of days to 50% 
flowering
 
-
 number of branches per plant
 
- length of branches bearing capsules
 
- number of capsules per node
 
- number of capsules per branch and per plant
 
-
 number of seeds per capsules
 
- seed size (weight per 1000 seeds)
 
- seed weight or seed yield per plant
 
- number of plants per unit 
area
 

Due to the several components and their variations, this 
sesame
breeding will concentrate on only a few characteristics that mainly contribute to yield and economical value. 
They are as follows:
 

-
 Seed size and seed color
 
-
 Non-shattering or semi-shattering
 
- Determinate
 
-
 Upright growth, no lodging
 
-
 Early ripening
 
-
 High oil and protein content
 
- Disease resistance
 
- Drought resistance
 

Although sesame 
has been grown in Thailand for 
a very long time,
planted areas and production of sesame have not 
been increased during the
last ten years. Thai sesame farmers are small holders who farm in rainfed and drought-prone 
land with low-fertility soil. 
 Annual planted area
is about 35,000 to 46,000 ha 
while production ranges from about 21,000 to
30,000 tons. The average yield per 
hectare is relatively low, about 600
700 kg/ha.
 

Sesame is a versatile crop which can be grown 
in many parts of the
country. Sesame production areas in Thailand are 
in the North, Northeast

and the Central Regions.
 

Objectives of this project 
are to 
create widely based segregating
populations of 
 sesame for selection and breeding of 
improved cultivars
for Thailand and Israel, which will be 
determinate and nonshattering.

The determinate type of sesame will 
mature within a short time span with
non-shattering 
 capsules, thus facilitating 
 harvest with minimum seed
 
losses and shorter growing season.
 

MATERIALS AND METHOD
 

At the present, all sesame 
cultivars are indeterminate, i.e.
plants produce the
leaves flowers and capsules continuously as long as there
is moisture available in the soil. 
 At harvest time, the capsules on the
harvested branches will 
be 
over mature, mature and immature. This makes
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seed losses unavoidable. A determinate genotype, discovered by Dr.
 

Ashri, will reduce seed losses and together with non-shattering or semi
shattering seeds hence it will minimize seed losses to acceptable levels.
 

Most of effort in this project is concentrated on breeding 
determi- nate cult ivars adapted to various growing conditions in Thailand 
and Israel using the determine mutant induced by Dr. Ashri (1, 2) and the 
local sesame cultivars of desirable types. 

Materials in this project aze as follows.
 

I. Collection of cultivars from land varieties and introduced 
cultivars and lines from foreign countries including those determinate 
mutants and non-shattering lines. 

2. Early generation crosses made from hybridization of early 
and high yielding genotypes with semi-shattering genotypes from collec
tion and single seed descent and plant to row method of selection were 
used in order to select genotypes which are ea ly, high-yielding, and 
non-shat ter ing. 

i. Early generation crosses made from diallele and reciprocal 
crosses of seven selected large seed and high yielding cultivars, (Roi-et 
I, MKS-l-811LI, local white Chaibadan, Local Black Nakorn Sawan, Terras 
77, Shang Cai Purple Flower:., and 1CB-30-P4-(M3)). Again single seed 
descent ind plant to row method were used to select large seed high 
yielding cultivars. 

4. b7 second generation of segregating lines were produced 

from crosses of high yielding cultivars and determinate mutants in 
Israel. Single seed descent was used in F3 and plant to row selection 
was employed in F4. 

This cooperative breeding project made it possible for Thai sesame 
breeders to obtain seeds of cultivars of segregated populations and 
advanced selected lines of genotypes adapted to Thai conditions and 
needs. The project also enabled us to speed up the program by shifting 
and shar- ii,,, the breeding materials between the two countries. 

The project was planned for 3 years of work in both Israel and 
Thai- land (June 1985 - June 1988). 

RESULT AND DISCUSSION
 

Project in Israel started later than planned because Dr. Ashri,
 

the Israeli principal investigator, was on a one year sabbatical leave.
 
How- ever, the materials he developed earlier were available to start the
 
pro- ject n Thailand without delay.
 

Progress Report 1985
 

At Ubol Field Crops Research Center, 243 lines collected
 
locally and from foreign sources were planted in September 1985 and
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harvested in December 1985. The number of days to first flowering, days
to 50% flowering, and days to harvest, seed yield and seed weight were
recorded. Twenty lines 
 of high seed yield and other desirable 
characteristics were selected for further study. Some lines in the study
 
were non-Jhattering but 
seed yields were extremely low.
 

Progress Report 1986
 

I. Approximately half 
 of the whole collections of sesame 
lines (318 lines) were planted 
in the early and late rainy seasons in

order to study 
in detail all 33 characteristics according to 
the IBPGR
 
description 
for both seasons and 
the plant's interaction to seasonal
 
variations.
 

In the early rainy season of 1986, some results were as 
follows.
 

- maturity date 83 - 124 days 

83 - 90 days - 113 lines 

- Seed yield 1.6 - 253.0 kg/rai 
101 - 140 kg/rai - 19 lines 
more than 141 kg/rai - 2 lines. 

- Seed weight 1.360 - 4.763 gm/1000 seeds 
3.5 gm/1O00 seed - 19 lines 

In the late rainy season, little change was observed in

the maturity date. Seed yield, seed weight and number of capsules per
plant were significantly lower than the 
early crops. All lines in both
 
seasons were indeterminate and shattering. 
 They were non-branched, basal
 
branched
 

and top branched.
 

2. Hybridization Program.
 

2.1 Twenty-three crosses of several 
high yielding large

seeded varieties were 
made in the early seasons of 1986. Fl seed were

planted in the late season 
at Ubol Field Crops Research Center and F3
 
seed were planted at Supanburi Field Crops Research 
Center in the dry

season with irrigation. F4 seeds harvested from F3 
were supposed to be
 
planted 
at Ubol Field Crops Research Center in June. 
 However, it was
 
postponed to late season due to lack of 
rain in early season 1987.
 

2.2 The hybridization program 
was conducted for early and
 
high yielding varieties (Roi-et I 
and MKS-1-8111) with five 
lines of
 
semishattering types in order 
to incorporate the non-shattering charac
ters into 
standard and new varieties. 
 Fl seeds from 16 crosses were
 
planted 
at Ubol Field Crops Research Center 
in 1986. F2 and subsequent

F3 were planted at Supanburi Field Crops Research Center with 
irrigation

in the dry season and F4 was to be planted at Ubol Field Crops Research 
Center in 
the rainy season of 1987 with plant-to-row method of selection.
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3. 	 Selection in the segregation population. Fifty seven
 
families of F2 seed made from crosses of determinate, non-shattering and 
high yielding types in Israel were sent and planted at the Supanburi Field
 

Crops Research Center in the 1986 dry season with irrigation. Plant to
 

row selection in F4 in the rainy season at Ubol Field Crops Research Cen

ter will be employed in the rainy season of 1987.
 

Progress Report 1987
 

All F4 lines were planted at Ubol Field Crops Research Center 
as planned in the early rainy season. At the present, plants are in the 
late vegetative stage. Early rainy season collection has had to be post
poned due to the lack of early season rain this year. 

REFERENCES
 

I. 	Ashri, A. (1981) Sesame, Status and Improvement, FAO Plant Production
 
and Protection Paper No. 29, Rome, pp 198.
 

2. 	Ashri, A. (1981) Increase Genetic Variability for Sesame Improvement 
by Hybridization and Induced mutation. FAO Plant Production and Pro
tection Paper No. 29, Rome, p. 141 - 145. 

3. 	Benjasil, V. (1984) Production, Reseaicch and Development of Sesame 
and Sunflower in Thailand. Proceeding of FAO International Export 
Consultation on Sesame and Sunflower. Viterbo, Italy, (in press). 

4. 	Meerith, C. (1986) Sesame Genetics and Varietal Improvement. Pro
ceeding on the First Sesame Research Workshop, Faculty of Agriculture, 
Khon Kaen University, Khon Kaen. p. 75 - 78 (in Thai). 

255
 



Table 1 
Average Grain Yield, Plant Height and Number of Days to Maturity of Different Grain Types of Amaranth Growth
Under Three Different Altitudes During 1983 
to 1986 in Chiang Mai, Thailand.
 

Lowland rainfed (300 MSL) 
 Upland (800 MSL)
Genotype Grain type Highland ( 1000 MSL)
Plant Ht. Day to Mat. Yield Plant Ht. Day to Mat. Yield 
 Plant Ht. 
 Day to Mat. Yield
(cm) (days) (kg/ha) (cm) (days) 
 (kg/ha) (cm) (days) 
 (kg/ha)
 

1. 83S-27 African 
 163 ab* 117 b* 460 a* 
157 ab* 135 d* 3228.3 a* 166 d* 
 148 bc* 2605 a*

2. 79S-1040 African 
 123 bc 
 96 cd 387 b 222 bc 
 140 d 2886.2 b 107 f 
 106 c 650 ef

3. R-158 Mexican 153 ab 114 bc 
 450 a 154 ab 133 de 
 2983.1 b 149 de 148 bc 
 1860 bc

4. 82S-1041 Mexican 
 162 ab 117 b 
 390 b 164 a 
 127 de 2391.0 c 160 de 120 de 
 2033 b
 
5. 82S-SP130 Nepal 
 145 b 111 bc 80 d 
 117 bc 
 133 de 1154.0 f 165 d 
 144 c 1583 c

6. 82S-1008 Nepal 70 d
130 bc 111 bc 
 108 bc 106 f 
 1078.8 f 69 g 114 de 247 fg

7. 82S-SP153 Spike 127 bc 
 83 d 200 c 95 bc 
 i1 f 1180.0 87 fg 
 113 de 1330 cd

8. 82S-674 Spike 112 c 99 c 
 130 c 95 bc 109 f 
 1293.6 ef 
 72 fg 118 de 360 f

9. 82S-1023 Mercado 
 128 bc 118 b 
 340 b 107 bc 
 123 e 1989.5 d 137 e 121 de 
 841 de


10. 81S-1044 Mercado 
 140 b 
 99 c 237 c 156 ab 130 de 
 2368.1 c 152 de 128 cd 
 1150 d
11. 81S-1004 Prima 
 105 c 83 d 60 d 91 c 
 105 f 1053.3 f 60 g 121 de 437 ef
 
12. A-982 
 South American  -
 - 128 b 178 b 
 51.0 h 203 bc 170 ab 
 233 g

13. A-713 
 South American  - - 123 bc 202 a 34.0 h 198 c 190 a 
 342 fg

14. A-718 Aztec 
 -
 -
 -
 163 a 171 bc 6 19.5 g 252 a 170 ab 
 7 58 e

15. A-723 Aztec 205 a 
 185 a 
 58 d 183 a 164 c 1524.7 e 225 b 
 166 b 1537 c
 

Average 141.08 
 111.08 242.66 
 130.8 137.8 
 1586.0 146.5 
 138.5 1064.0
 

* Values within a column followed by the same letter are not significantly different at 5% level of probability using

New's Duncan Multiple Range Test (DMRT).
 



FY 1985
 

CASHEW NUT COMPACT SIZED SHELLER (C5-301) : MODEL AE(KKU)
2
 

THAVACHAI THIVAVARNVONGS, WINIT CHINSUWAN AND SUCHART NGAECHAROENKUL
 
Department of Agricultural Engineering, Khon Kaen University, Khon Kaen
 

ABSTRACT
 

The Model AE (KKU) 2 cashew nut sheller was designed and developed
 
to give high shelling performance when compared with other existing
 
manually-operated shellers in Thailand. When used to shell cashew nut
 
whose density was app~oximately 170 nuts/kg, with medium-skilled operator
 
and without pretreatment of the nuts, the obtained shelling rate was 0.68
 
kg (kernels)/h or 5.44 kg (kernels)day (8h), with whole-kernel recovery
 
of 85%. The sheller had a compact size of 10 cm base width, 13 cm base
 
length and 35 cm overall height, with a total weight of 1.5 kg. The
 

2
Model AE(KKU) sheller had a proposed cost of 200 - 300 baht and was 
expected to help cashew nut farmers and small manufacturers in Thailand 
sharply boost their incomes. 

INTRODUCTION
 

The cashew nut is a rapidly emerging cash crop in Thailand. Shelled
 
cashew nuts offer far greater local income and export potential than the
 
unshelled variety. The local price of unshelled nuts is 10 - 25 baht/kg,
 
compared with 120 - 250 baht/kg for shelled nuts. It takes about 3.5 
kg. of unshelled nuts to make 1 kg of kernels and therefore, cashew nut 
farmer who shells his own nuts before sale can increase his income from 
the crop by 200 - 300%. A survey carried out on cashew nut farmers and 
small manufacturers indicated that they needed a compact sized sheller 
which was inexpensive and could be manually operated, and another with
 
higher shelling capacity and power driven. The research project there
fore, concentrated first on the design and development of a manually ope
rated sheller with emphasis on compactness, high performance and economy.
 

MATERIALS AND METHODS
 

Two versions of the hand-operated sheller were designed and cons
tructed at Khon Kaen University, both with shelling mechanisms for
 
i) cutting the cashew nut shell and ii) twisting the halved shells open.
 
The two prototypes, namely the Model AE(KKU)1 and the Model AE(KKU)2,
 
were tested and evaluated, both for their performance and economy in com
parison with 4 other versions of manually operated shellers, all of which
 
were procured in Thailand. The testing and evaluation were done in order
 
to determine the most promising sheller(s) to be introduced to cashew nut
 
farmers and small manufacturers. The 6 p ototypes of the manually ope
rated shellers tested and evaluated were shown in Figure 1.
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• ( Model AE(KKU)I Model AE(KKU)2 

-
77( ModJ U) 

.. ~
 

Q The hand/foot operated 'prews The two hnd operated 'pressl ®The foot operated 'pressbade 
separation-blade type' sheller., sepaaion-bade Tpe' sheller, type' sh|ie. 

.Figurei Prototypes of Manually Op~erated Cashew Nut Shellers.
 



Factorial design was used and analysis of variance was employed for
 
the interpretation of the test results. The performance of each sheller
 
was evaluated by using the following indicators:
 

Shelling rate (kg/h) = 	 weight of cashew kernels 
obtained per hour 

Whole-kernel recovery (%) 	 wt. of whole kernels x 100
 
wt. of whole + broken
 

kernels
 

The economy of each sheller was evaluated by considering the
 
following:
 

- Amount of nuts to be shelled (kg/yr) to break even
 
- Payback period (yr)
 
- Net profit (baht/yr)
 

RESULTS AND DISCUSSION
 

Testing and evaluation of the 6 versions of the manually operated
 
shellers indicated that the Model AE(KKU)2 sheller showed best perfor
mance and offered the lowest amount of nuts needed to be shelled to break
 
even, and best payback period and net profit (I). The Model AE(KKU)2
 
sheller was then given a long term performance test covering a period of
 
two months. The results indicated that the size and material of certain
 
components had to be changed and that an additional component was neces
sary to ensure the machine's durability. The improved version of the
 
sheller, its simple method of operation and its overall components are
 
shown in Figures 2, 3 and 4 respectively. The refinements done on the
 
sheller were as follows:
 

I. The size of the fulcrum brackets was increased to 4 x 30 x 
30 mm and the diameter of the pin was increased to 16 mm. 

2. The lower blade holder, originally made from a 4 mm thick 
steel strip, was changed to an angled steel piece of 4 x 25 x 25 mm plus 
3 mm thick steel strip. 

3. The lower and upper blades, originally made from a 3 mm
 
thick steel bar, were changed to 1.5 mm thick flat spring steel.
 

4. The size of the spring was increased to I) a 20 mu coil
 
diameter and ii) a 2.8 mm wire diameter, and the spring was wound from
 
one whole wire.
 

5. The ring, originally not 	existing, was added in ocder to
 
minimize the breakdown and the bending of the screw end of the press/
 
twist lever.
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Model AE(KKU)2 

Base 

( 	 Fulcrum brackets 

( .m,,e, blade holIder 	 t-

Love blade
 
('uttmgn depth setter50
 

Uppr blade
 
Press/Twist axle 0_
 

Pre s/'l'w is 	t lever 

(2-) 	 Iliurged bar 
Torsionl spring 
Ring S) u 

Scale full size 

Figure 2 	The I]-nd Operated 'Press/Twist-Blad Type' Sheller.
 
(Model. AE (KKU)2)
 

(a)Positinn 	the nut ntn the (b) Press the lever down so that 
lower Hlade, both 	the upper and lower blades 

cut Into the 	shell.
 

(c) the IFvpr 
or left tn Op ri 

shells. 

to Hip 
11I) th 

riiht 
h1 lve l 

(1) Yelease the 
he she ll tt 

lever 
nut. 

and take out 

Figure 3 Operating Procedures for the Model AE(KKU)2 Sheller. 
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Components of the Model AE(KKU)2 Sheller
 

Screw 	 19i 

9 0. 15 long 	 Hinged bar/00.
Steel bar, 6 thick 
Stay steel pipe, 

25 go o , 1 6 wI D 

0", Press/twist axle 

) Cutting depth setter a 

Steel strip, 3thick 
2 pieces required ) 	 Upper bladi ' 

flt spring steel, 

1.5 thick 

Steel rod, 16 
SSpring as 

Coll, 200 
ol e, 2.80 
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Figure 4 The Disassembled View of the Model AE(KKU)2 Sheller.
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The Model AE(KKU)2 sheller was again tested and the latest. r,.sults 
obtained were as follows:
 

Shelling rate 
 0.68 kg (kernels)/h
 
(or 5.44 kg (kernels)/day(8h))
 

Whole-kernel recovery 85%
 
(The test was carried out in June 1987 using raw nuts whose
 
densities were approximately 170 nuts/kq, with a somewhat skilled
 
operator and without pretreatment of thp nuts.)
 

For long term performance considerations, testing of the sheller during

May - June 1987 indicated that it had the necessary durability because 
all the components functioned satisfactorily during the operation and did 
no, show signs of fat igue at the end of the two-month test. 

The economic evaluation of the sheller is as shown in Figures 5, 6
and 7. The results show tha- the minimum amount to be shelled and the 
payback period have practical y low values, thus ascertaining the cost-
effectiveness of the ma:hine. Figure 7 shows that the more nuts that are 
shelled, the better the net profit is, therefore to obtain the highest
possible profit the farmer or 
small manufacturer should make sure 
that he 
uses the .heller to shell the maximum amount of cashew nuts. 

REFERENCE
 

Thivavarnvongs, T., 
Chinsuwan, W. and Ngaecharoenkul, S. 1987. Com
parison of the Performances between Manually Operated Cashew Nut 
Shellers. A paper presented at the seminar on 'New Dimension in the 
Agricultural Development Using Appropriate Technology' at the Royal
 
Irrigation Department, Bangkok, on March 26-27, 
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Figure 7 Relations Between the Net Profit and the Amount
 

of Cashew Nuts to be Shelled..
 

Note The fixed and variable values used in the economic analysis were 
as follows : 

1. 	 Machine cost 250 J5 
2. 	 Machine life 5 	 yr (approx.)
3. 	Maintenance cost 10 % of machine cost 
4. 	 Shelling rate 0.68 kg/h
5. 	Whole-kernel recovery 85 ' 
6. 	 Wages for shelling' 15 /kg (kernels) 

( 10 A h (approx.))
7. 	 Wages for inner skin peeling 12 A /kg (kernels) 
8. 	 Conversion ratio between wt. of
 

unshelled nuts and wt. of kernels 
 3.5 1 
9. 	 Unshelled cashew nut value 20 4 /kg

10. Whole-kernel price 	 150 A /kg
11. Halved-kernel price 110 J5/kg 
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ABSTRACT
 

The project contract between NIFI and Ben Gurion University was
 
signed in October 1986. Two trips to North Eastern reg.ons of Thailand
 
for strain collection have been made; one in January and one in April
 
1987. Isolation of strains is in progress. Monoculture of four strains
 
has been established. Laboratory determination of nutrient requirements, 
environmental sensitivities, production output and chemical composition 
of each isoflated strain will be made. Further experiments under both 
moderately high and low tech-:1ogy operational systems will be used in
 
final evaluations and straii zelection for mass production.
 

INTRODUCTION 

Spirulina sp. are blue green algae which probably have a highest 
protein content (60%-70%) among algae. Recent research concerning this 
algae has captured a great deal of attention around the world. Nowadays, 
mass culture of these algae is performed in many countries such as Japan, 
the United States of America, Israel, Taiwan, India, Thailand, Italy, 
Mexico and some African countries. Besides the high protein content 
which can be used as a protein food source for both human and animal 
feed, the Spirulina also contain a remarkable level of B-carotene and 
Vitamin B complex. These qualities have made Spirulina a very popular 
health foods in both Western and Eastern nations. Its high carotene can 
provide a great source of color in aquarium fish and deepen the color of 

poultry egg yolk to satisfy consumer preference.
 

Reports from Thailand (Boonsom- 19/0) also show that micro algae
 
Spirulina species were found in natural waters of the northeastern part
 
of the country. This is evidence that 'spirulina exists in Thailand and
 
hence can be cultured. Therefore, close examination and strain selection
 
of these indigenous species will provide a species to be introduced to
 
country villagers of NE salty soil areas where other agricultural crops
 
can not yield an acceptable income and a new source of food which has
 
high value chemicals for aquaculture.
 

PLANS AND METHODOLOGY
 

1. Collection and Isolation
 

1.1 Collecti3n of Samplos
 

Samples of Spirulina strains were collected from their
 
natural habitats in Northeastern Thailand. The area was divided
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geographically 
into 	3 sections, Upper 
Nv, 	Lower NE arid Eastern NE. At
least two trips were made 
to each section; 
one 	at the end of the dry
season 
when 	soil salinity was expected reach maximum, and 
others 
at the
end 	of the 
rainy season when the salinity was expected 
to be lower than
 
that during the first trip.
 

Measurements 
of DO, pH and temperature were made 
on the
site. 
 Other water qualities were examined 
in the laboratory by using
standard methods. 
 Phytoplankton collecting procedure 
were used to col
lect samples.
 

1.2 	 Isolation of Spirulina Strains
 

Samples that 
 were collected 
 from the field trips were
brought back 
to the NIFI laboratory 
in glass bottles carefully carried in
liaskets which provided 
some sunlight. Isolations were conducted by using
micro manipulation techniques. 
 Standard Zarrouk's medium 
and 	standard
BG11 	medium were 
used 	in this stage. General morphological 
characteris
tics 
were 	also recorded.
 

2. 	 Testing for Requirements and Sensitivities
 

2.1 	 Determination of 
the requirements
 

After obtaining the mono alga 
culture of the 
 isolated
strains, 
each 	strain will 
be tested for optimci temperatures 
and 	main
nutrient requirements by, using a 
turbidostat and spectrophotometer.
 

2.2 	 Testing for sensitivity and adaptability to the expected
 
outdoor environment
 

The 	 outdoor environment, 
i.e. 	high solar radiation, ion
concentration 
and 	temperature range, and 
variations according to the 
area
and 	the season will 
have effects on production of 
the 	algae. Therefore,
those factors 
will 	be tested. Measurements of 
oxygen evolution and dark
respiration will 
reveal the sensitivity or adaptability of 
the 	algae cultures after exposing them to those 
environments 
for a certain period of
 
time.
 

2.3 	 Testing for adaptabilitytoincreased salinity
 

One of the objectives 
in this strain selection project is
to obtain the most salinity-tolerant 
strain to be introduced 
into 	areas
where soil salinity problems 
exist. Therefore, the strain which 
able 	to
survive in wide range 
of salinity will be selected. Measuring photosynthesis by using oxygen 
evolution and 
dark 	respiration will 
identify the
 
most effective stzain.
 

3. 	 Testing for Performance of the 	Better Strains Under Laboratory

Conditions in 
an Outdoor Experimental Pond
 

3.1 	 Testing for pondoperationalparameters
 

Operational parameters 
i.e. 	depth of culture, rate 
of mix
ing, cell concentration, and harvesting frequency 
will be tested by
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varying these parameters. The amount of chlorophyll, o, Lical density,
 
and dry weight will be measured and used as indicators.
 

3.2 	 Maximum growth rate under optimum condition
 

Maximum growth rate will be determined by using daily
 
diluted culture of turbidostate methods. Daily recordings of the chloro
phyll and protein contents, optical density and dry weight will be used
 

as evaluation parameters.
 

3.3 	 Floating capability
 

The floating capabilities of the strains will help in pond
 
mixing (less energy is required) and harvesting. This parameter will be
 
deter-ined by using an Inhoff cone.
 

3.4 	 Chemical composition of the biomass
 

Chemical analysis of the nutritional value and other econo
mical chemical content i.e. Gamma Linolenic Acid (GLA), phycocyanin,
 
vitamins, lipid carbohydrate, protein and antibiotic properties will be
 
cotiducted.
 

4. 	 Performance of the Selected Strain in Polyethylene-Lined Eastern
 
Ponds in the NE
 

The tests will be carried out for two factors.
 

4.1 	 Daily output rate of the strain.
 

4.2 The ability to survive as a monoalga culture under the 
local low technology input cperational system and the moderate high tech
nology operational system. 

The parameters that are described in (2) and (3) will be
 
retested for each strain and each operational system. The results of
 
this performance will be the final decisive factors for the best suitable
 
strain of the area.
 

RESULTS AND DISCUSSION
 

The National Inland Fisheries zigned the contract to conduct this
 
project with the Ben Gurion University in October 1986. Until now, two
 
trips have been made. One was to the upper Northeastern region in
 
January 1987. In this trip, more than 30 samples of different localities
 
were collected and 13 samples contained S iulina alga. So far four dif
ferent strains of Spirulina have been isolated and mono alga culture has
 
been 	obtained.
 

The second field trip was held in April 1987 to the eastern section
 
of the NE. 53 samples of water were collected and 11 samples contained
 
Spirulina algae. Isolation is still in progress in both Thai and Israeli
 
laboratories. The NE Part of Thailand ,;pecially the upper and eastern
 
sections seem to be the locations for Spirulina alga for Thailand. They
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are found all over the area 
in scarce numbers. Only few samples i.e.
 
TH-11 that contain high concentration of spirulina have been found.
 
These areas will be carefully examined in the future.
 

REFERENCES
 

I. Coombs, J. 
and Hall, D.O. (edit). 1982. Techniques in Bioproductivity
 
and Photosynthesis. Progamon Press. Oxford, New York. 171 pp.


2. Hall, D.O. and Rao, R.R. 
(edit). 1981. Photosynthesis, The Institute
 
of Biology's studies in Biolo*y No. 37. 
 Third edition. The Camelot
 
Press Ltd. Southampton, England. 84 pp.
 

3. Richmond, A. (edit). CRC 
Handbook of Microalgae Mass Culture. CRC
 
Press Inc. Boca Raun, Florida, U.S.A. 528 pp.
 

268
 



Spirul [na sp. 16.5 x 

Mahiasarakham, January, 1.987
 

- .~ ,. 

AA 

x 

KhalsKaen, January 1987 

Spirulina l sp. 10.5 

"d -n
 



Spruia. p 82.5 x.
 

Ubon Patctelani, April 1987 

-,/ -, 


""-
 "S i"'•<":
 

Ii.......'i
 

Spi.ruitz<t :,.4:',3. §: 

tMahasar-0 h,. ]cmnuary 1987*.m 




? ',. o'",
A' .. ' 

, •
~~.4....,' . • 

i,••r .


44 

Spirulina sp. 82.5 x 

burirum, April 1987 

''A' 

Spiruling sp7. 82.5 x
 

Burirum, April 1987
 

271
 

44 



KW 

Spirulina spp. 16. 5 
 x
 
Mahasarakham, January 1987 

rEV. 

Spirulina 
sp.82.5 x
 

Burirum, April 1.987
 

272
 
: ' :....' i ..:.i . , " , , " ' ..... " 



FY 1986
 

SULFONAMIDE DRUGS AS A MALE ANTIFERTILITY AGENT. (C7-169) - I. EFFECTS 
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ABSTRACT
 

The possible antifertility effects of sulfasalazine and 6 other sim
ple sulfonamides were studied in male Fischer rats. All drugs were sus
pended in corn oil and forced fed at a dose ranging 125-450 mg/kg daily 

for six weeks. The fertility of the treated males and controls (corn oil 
only) was tested by natural mating with untreated females at weeks 1, 3 
and 5 during treatment and at weeks 1 and 3 after drug withdrawal. Four 
out of seven sulfa drugs tested showed a dose-related and reversible 
antifertility effect. The reduction of fertility occurred as rapidly as 
by one week after treatment. Fertility of the treated rats was fully 
recovered by one or three weeks after drug withdrawal. The potency of 
those showing '--x antifertility activity was in the following order : 
sulfapyridine > sulfanilamide > sulfasalazine > sulfacetamide; whereas 
sulfamerazine, sulfadimethoxine and sulfioxazole had virtually no effect 
at least at the dose of 450 mg/kg. The results siggest that the antifer
tility activity of sulfonamides does not require the presence of pyridine 
nor other heterocyclic rings at the N1 position. 

INTRODUCTION
 

Sulfasalazine, a compound formed by azo linkage between sulfapyridine
 
and 5-amino salicylic acid, was introduced first in 1930 to treat rheuma
toid arthritis (Goldman & Peppercorn, 1975). It has been later demon

strated to be useful in the therapy and prophylaxis of ulcerative colitis
 
and regional entoritis (Baron et al., 1962; Misiewicz, 1965). Although
 

these diseases predominantly affect men and women of reproductive age,
 
the association between sulfasalazine treatment and male infertility was
 

not recognized until in 1979 when both Toth and Levi and his colleagues
 
independently reported reduced semen quality and infertility in sulfasa

lazine-treated men. The antifertility effects of sulfasalazine are com
pletely reversible after drug withdrawal, These findings have since been
 

confirmed both in man and animals by many investigators (for review see
 

Giwercman & Skakkeback, 1986). However, the mode of action of sulfasala
zine is largely unknown. Recent evidence indicates that the sulfapyri
dine moiety of the sulfasalazine molecule or its metabolites are respon

sible for the effects on male infertility (O'Morain et al., 1982a, b:
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Cann & Holdsworth, 1)84: 
McIntyre & Lennard-Jones, 1984; Shaffer et al.,
1984). Whether other sulfonamides have similar 
effects on male fertility
is still 
not known. Since sulfapyridine is considered 
to be relatively

toxic in man other 
sulfa drugs which suppress male fertility and are l-ss
toxic should be found. 
 In this report, the 
possible antifertility effects of some simple sulfonamides having N 1
the position substituted by
various functional groups and 
having different physicochemical 
as well as
 
pharmacokinetic properties were studied.
 

MATARIAL AND METHODS
 

Chemicals
 

All drugs were of reagent grade 
and were purchased from Sigma
Co., St. Louis, USA. 
Corn oil (Mazola) was obtained from local super
market.
 

Animals
 

Albino rats 
of the Fischer strain 
were obtained from 
and maintained at 
the Animal 
House, Faculty of Science, Mahidol University. The
male rats aged between 90-120 days 
and the female aged between 40-50 days
were housed separately 
in groups of 5-10 animals under 
a 12:12 h lighting
regime, 
and with free access to pellet feed 
('ild Coin. Singapore) and
 
water.
 

Fertility testing
 

Every 
male rat was screened 
for fertility capability before
grouping and drug 
treatments. 
 Each male was housed with two virgin
females in a hanging 
c -- :.th food and water ad lib for 
one week. Mating was confirmed 
by the presence of spermatozoa in the vagina smears
done every morning. The copulated females were separated and kept for
8-10 days 
at which time pregnancy was examined after 
sacrifice and the
number of fetuses and 
corpola lutea counted. Fertility of the male was

assessed 
in terms of per cent fertility, which evaluated from
was 
 the
percentage of the 
eggs successfully fertilized and 
the embryos implanted
(number of fertuses over corpola lutea xl00) in 
the females that showed
the evidence of copulation. When 
both females were impregnanted by 
the
 
same male, the average value was used.
 

One hundred and 
seven males with high percent fertility (greater
than 80%) were randomly assigned to 
a control (12 animals) and 13 drugtreatment 
groups (5-11 animals each). Each of the 
experimental groups
was force fed with one of the sulfa drugs shown in Fig. 1. The drug was
suspended in corn oil and was given at a low (125 or 150 mg/kg), a medium
(250 or 300 mg/kg) or a high (450 mg/kg) dose daily for 6 weeks. At theend of weeks 1, 3, 5, 7 and 9 the treated males and controls (receivingcorn oil only) were subjected to fertility testing 
as described above.
Thus, fertilities of 
the males at weeks, 1, 3 and 
5 during treatment and

weeks I and 3 after drug withdrawal were determined.
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RESULTS AND DISCUSSION
 

In this study, mean fertility of the male rats in all groups ranged
 

from 86.5 to 98.6% before treat,ents. Force feeding with corn oil had
 
virtually no effect on fertility of the animals. However, when sulfa
 

drugs were given, 4 out of 7 compounds showed some antifertility effects
 

(Table 1). Thus sulfasalazine, sulfapyridine and sulfanilamide caused a
 

dose-dependent reduction in per cent fertility during treatments and
 
within one week after drug withdrawal, whereas sulfacetamide (150 mg/kg)
 

had only a transient effect at week 1 during treatment. The potency of
 

those which exhibited antifertility activity in decreasing order is as 

follows: sulfapyridi;ie > sulfanilamide ) sulfasalazine > sulfacetamide. 

On the other hand, sulfamerazine, sulfadimethoxine and sulfioxazole did 
not have any antifertility effects in the male rats. 

The finding that sulfapyridine was more potent than sulfasalazine
 
supports the previous studies that sulfapyridine is the active moiety of
 
sulfasalazine (O'Morain et al., 1982a, b: Cann & Holdsworth, 1984;
 

McIntyre & Lennard-Jones, 1984; Shaffer et al., 1984). The results in
 
the present study also indicate that the antifertility activity of this
 

series of sulfa drugs is independent of the presence of pyridine group or
 
N1
other heterocyclic rings at the position of the sulfonamide mole

cule. Thus, sulfanilamide, the most simple sulfonamide drug, is almost
 
as potent as sulfapyridine. In order to determine whether the antiferti

lity efficacy of the sulfa drugs depends on their water or lipid solubi
lities, or their half-lifes in the blood, their relative solubilities and
 

plasma half-lifes were compared (Table 2). It is apparent that the abi
lity to suppress male fertility is not related to the water and lipid
 
solubilities nor the plasma half-life (if it is assumed that their phar

macokinetics in man is also applicable in the rat).
 

Table 2. Comparison between the relative antifertility activity of some
 
sulfonamides and some of their solubility and pharmacokinetic
 

properties.
 

Property Relative quantity in Reference
 
decreasing order
 

Antifertility activity A>B>C>D>E>F>G present study
 

Water solubility B>D>E>A, G>F Anand (1979)
 

Lipid solubility G>B>F>A>E>D Anand (1979)
 

Plasma half-life GF>A, B>D>E Anand (1979)
 
(in man,
 

A = Sulfapyridine; B - Sulfanilamide; C = Sulfasalazine;
 

D = Sulfacetamide; E = Sulfioxazole; F = Sulfamerazine;
 

G = Sulfadimethoxine
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In conclusion, we have demonstrated that 
four out of seven sulfona
mides used in this study showed some antifertility activity in the male
 
rats. The ability to reduce fertility is independent of their wateL and
 
lipid solubilities or plasma half-life. In addition, the presence of
 
pyridine or other heterocyclic rings the N1 position is not essenat 

tial for their activities. However, the minimally required 
structure of
 
the sulfa drugs for the antifertility activity in 
 the males remains
 
unknown.
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Table I Effects of Some S-Ifonamide Drugs on Fertility of the Male Rats
 

Fertility (%)
 

Treat ent Dose Before During Treatment After Drug Withdrawal
 
grouo (mg/kg) treatment Week-1 Week-3 Week-5 Week-I Week-3 

Control 94.3+2.4 96.5+ 1.8 84.1+ 2.8 90.6+ 3.9 
 93.7+ 2.4 92.8+ 4.2
 
(12) (10) (8) (11) 
 (11) (4)
 

Sulfanila- 150 92.0+3.0 91.8+ 3.6 57.7+ 9.5 44.5+ 4.5 
 74.6+ 8.0 96.8+ 1.9
 
mide (5) (4) (5) (5) (5) (5)
 

450 88.8+4.6 86.8+ 6.6 56.3+ 7.0 
 18.0+ 9.04- 37.3+16.0 79.5+ 9.9 
- (6) (6) (5) (4) (5) (5) 

Sulfaceta- 150 95.7+1.2 80.5+ 7.0 
70.0+10.0 85.9+ 4.1 
91.3+ 2.5
 
mide (12) (10) (12) 
 (9) (10)
 

450 95.1+1.7 86.6+ 2.8 70.6+ 6.4 77.5+ 7.3 
 81.5+ 5.0
(11 ) (10) (9) (10) (10)
 

Sulfamera- 150 93.5+2.4 90.8+ 
2.0 84.1+ 1.8 73.4+10.1 91.3+ 4.9
 
zine (6) (6) (6) 
 (6) (6)
 

450 96.5+1.8 85.6+ 3.9 74.6+ 9.3 83.4+ 7.5 
 92.5+ 4.3
 
(6) (5) (5) 
 (5) (5)
 

Sulfadime- 150 98.6+1.4 95.6+ 2.9 
 82.5+ 7.4 93.9+ 1.9 
 90.2+ 6.5
 
thoxine (7) (6) (4) 
 (7) (6)
 

Sulfioxazole 150 93.5+4.0 95.5= 1.8 82.8+ 4.3 98.3+ 1.7 93.2+ 5.5 93.3+ 3.4
 
(5) (4) (5) (3) (4) (3)
 

450 89.2+4.1 97.0+ 1.5 81.3+ 7.3 
 82.1+ 8.4 88.6+ 5.6 87.4+ 7.6
 
(6) (6) (6) (6) (6) 
 (6)
 

Sulfapyri- 125 94.6+2.3 76.2+ 9.6 
 71.9+12.3 45.9+ 4.8 
 -
dine (9) (5) (4) (6)
 

250 98.1+1.2 62.7+16.9 22.1+11.2 25.1+11.5
 
(8) (7T (3) 
 (4)
 

Sulfasala- 300 86,5+4.2 
 87.3+ 3.5 65.9+22.7 60.9+15.9 73.9+14.2 
 74.9+14.2
 
zine (77 (5) (4) (3) (67 (7)

* ** 

450 94.5+2.9 92.3+ 3.7 52.8+12.6 35.5+13.7 
74.6+ 8.5 94.4+ 3.9
 
(7) (6) t6) (6) (4) (4)
 

Values in paraentheses are number of animals.
 

*P(0.05; **P(0.01; ***P<0.001 when compared to the corresponding controi group
 
(F-test).
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Table 2 	Comparison Between the Relative Antifertility Activity of Some
 
Sulfonamides and Some of Their Solubility and Pharmacokinetic
 
Properties.
 

Property Relative quantity in Reference
 
decreasing order
 

Antifertility activity A> B> C )D> E > F > G 	 present study 

Water solubility B> D> E> A, G> F 	 Anand (1979) 

Lipid solubility G> B> F> A> E> D 	 Anand (1979)
 

Plasma half-life G> F> A, B> D> E Anand (1979)
 
(in man)
 

A = Sulfapyridine; B = Sulfanilamide; C = Sulfasalazine; D = Sulfacetamide; 

E = Sulfioxazole; F = Sulfamerazine; G = Sulfadimethoxine 
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FY 1986
 

MODULATION OF MEMBRANE TRANSPORT: A BIOCHEMICAL APPROACH TO CHEMOTHERAPY
 

OF MALARIA (C7-171)
 

YONGYUTH YUTHAVONG and DHIRAYOS WITITSUWANNAKUL
 

Department of Biochemistry, Faculty of Science, Mahidol University,
 
Bangkok 10400
 

ABSTRACT
 

This paper reviews changes in transportation properties of the red
 

cell membrane following malarial infection. Examples are given of trans
portation increases of small metabolite, anions and cations. In some
 

cases, the transportation increases indicate the appearance of new trans
portation systems, which are likely to play an important role in intra

cellular parasite survival and development. Sulective blockage of these
 

new transport systems offer a potential approach to malarial chemotherapy.
 

Alternatively, the new transport systems can be utilized to gain selec

tive entrance of drugs or pro-drugs into infected cells. Proposed re

search will include investigation and modulation of transport of iron and
 

folate compounds by malaria-infected red cells.
 

INTRODUCTION
 

Infection of the red blood cell by the malarial parasite is followed
 

by wide-ranging changes of the host cell membranel, 4 . Permeability
 

changes form a prominent feature among these, and many of them are proba

bly of crucial importance to parasite survival. For example, parasite
 

dependence on glycolysis during the parasite is fast intracellular growth
 

can only be satisfied by enhanced transport of monosaccharides, chiefly
 
-7
glucose5 . Transportation changes are selective and not just a conse

quence of a general increase in membrane leakiness. While there is a
 

marked increase of a glutamine -.nflux into Plasmodium falciparum-infected
 
red cells, the influxes of isoleucine, arginine and glycine are only
 

slightly increased 8 . In addition to substrate specificity, the trans

portation changes are also specific for developmental stages of the para
-1 1
 site, occurring mostly at the stage of the mature trophozoite8 , and
 

are also species-specific 1 2 . In some cases the selective changes may
 

be due to modulation ot existing host transportation systems by the para

site; in others, to the novel transport systems elaborated by the para

site. By whatever mechanisms, the specificities displayed by the trans

port changes point to new potential approaches in malaria chemotherapy,
 

in which the specific changes may be either blocked, or utilized to bring
 

appropriate drugs into the cells.
 

TRANSPORT OF SMALL METABOLITES AND ANIONS
 

By analyzing the kinetics of the entry of D-glucose and its non-meta

bolizable analog 3-0-methyl-D-glucose, into P. lophurae-infected duck red
 

bloods cells, Sherman and Tanigoshi 5 showed that the enhanced entry
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could be attributed to both carrier-mediated and simple diffusion compo
nents. We obtained 
a direct demonstration 
of the role of the carriermediated pathway, by showing that enhancement of the transport of D-alu
cose and 2 -deoxy-D-glucose 
into P_ berghei-infected 
mouse red cells was
partly inhibited by cytochalasin B and phloretin 7
 . Cytochalasin B is
known to bind with high affinity to the glucose transported, while phlo
retin exerts a more 
general effect on transport systems. D-galactose and

D-fructose also 
show a large transport 
increase, mostly insensitive 

cytochalasin B. 

to
 
The specificity of 
the transport increase raises the
possiblity of the presence of 
a new transport system on 
the infected red
 

blood cell membrane. 

This possibility was earlier raised by Ginsburg et al. who, by using
a method of osmotic hemolysis by the transportable molecules, showedthe membrane of P. falciparum-infected human red blood 

that 
cells became per

meable to such substrates as sorbitol and 
glucose at near isotonic concentrations. 
 The new permeability pathway was 
shown to be insensitive to

cytochalasin B but 
sensitive to phloretin. Subsequent studies showed 
new
permeability pathways to have pores of approximately a 0.7 nm equivalent
radius, bearing a positive charge and facilitating movement of 
 small
anions aid neutral molecules, but excluding cations. 
 Substances the size

of disaccharides or larger were 
excluded. Evidence 
was also presentedl0
 to indicate the need for parasite protein synthesis as an essential 
factor for the generation of the new permeability pathways. Phlorizin, a
drug which inhibits P. falciparum growth in vitro, was 
shown to be a pore

blocker, probably acting on the cytoplasmic side after gaining access to 
infected cells' 3
 .
 

TRANSPORT OF CATIONS
 

Red blood cells have beenlong known to have a great influx of sodium
and greater efflux of potassium during malarial infection14
 . With res
pect to calcium, a number of reports 1 5 1 7 
- have shown enhanced influx
into a variety of infected cells. 
 The enhanced influx is associated with
 
changes in membrane properties, 
such as an increase in membrane fusion

capacity1 8 .
 Calcium has an important role in regulating the activity

of many intrrcellular enzymes, 
 and it is likely that the developing parasite has requirements 
for calcium in its metabolism. 
 Its need to accumu
late calcium within itself 
is probably due to the 
fact that, because of
its intracellular location, the plasma 
source cannot 
be mobilized at a

fast enough 
rate. At the schizont 
stage, the enhanced influx was accompanied by greatly enhanced lysis 1 7
 , raising the possibility that cal
cium may also have a role in the regulation of merozoite release.
 

The transportation status 
of another important cation, namely iron,

is quite different. Although the intracellular parasite is surrounded by
the hemoglobin in red 
blood cell cytoplasm, 
and when it feeds on this

substance to leave 
 the residual pigment hemozoin within 
 its food
vacuoles, the heme-bound iron is probably not utilized by the parasite

due to its potential toxicity. The 
parasite probably 
elaborates a
mechanism to obtain 
iron from the plasma instead. Recent evidencel9-21
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points to the appearance of a transferrin receptor on the infected cell,
 
to sequester iron-bound plasma transferrin and deliver to the intracellu
lar parasite. Our recent work (unpublished) has also raised the possibi
lity of the existence of parasite-specific siderophores (small iron-bind
ing molecules) in the infected red cells.
 

PROPOSED RESEARCH APPROACHES
 

A. General Outline
 

Our general approaches consist of studying the nature of new
 
permeability pathways with implications for chemotherapy. The pathways
 
which are used for the transport of metabolites, nutrients, and ions can
 
be selectively blocked, thereby interfering with parasite metabolism. It
 
is possible that some ap alarials act through such mechanisms. More
 
intriguing perhaps is the possibility that some immune sera may block
 
parasite development through interference with the new permeability path
ways. It should also be possible in principle to induce blocking antibo
dies, in vivo or in vitro, if the antigens responsible for the new perme
ability pathways can be obtained and means of increasing immunogenicity
 
can be increased. Screening for potential transport blockers can be made
 
by either isotonic hemolysis method or uptake of radioiabelled substrates.
 

An alternative approach for chemotherapy is to utilize the new
 
peLmeability pathways to gain selective entrance of drugs into infected
 
cells. It was proposed that phiorizin acts through such a mechanism1 3 .
 
In a variation to this approach, selective entrance of pro-drugs is fol
lowed by pazasite suicidal activation. An example is cleavage of trans
portable glucosides to yield toxic moieties within the parasite.
 

B. Iron Transport and Metobolism
 

We will place emphasis on the investigation of the possible pre
sence of transferrin recepters on infected red blood cell membranes. An
 
aim is to develop antibodies, probably monoclonal, against the parasite
directed transferrin receptor. The specific antibodies would block the
 
binding of ferrotransferrin and hence the uptake of iron into the para
site. This would be lethal to the malaria parasite with no cytotoxic
 
effect or interference on iron uptake and metabolism of the host cells.
 

Another approach is the possible utilization of possible para
site siderophore(s) (small iron chelator) in the cytoplasm of infected
 
cells. The siderophore(s) would participate or facilitate in the iron
 
uptake process. if this can be isolated and identified, the blockage or
 
competition of the chelator function can be developed. This would lead
 
to deprivation of iron specific to the malaria parasite which can be
 
lethal to parasite development.
 

C. Transport of Folate Compounds and Antifolates
 

There are apparently two systems of transport for normal ery
throcytes, one for 5-methyltetrahydrofolate and another for the parent
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2 2
folate . With our recent direct evidence of folate salvage by P.
 
falciparum 2 3 , it is desirable to investigate the possible presence of
 
parasite-specific pathways for transport of folate compounds and antifo
lates. If these pathways are present, we will study their characteris
tics in detail, including their susceptibility to inhibitors, and possi
ble 	relationship with other transport systems, eg, carbohydrates, anions.
 
These studies should help in the design of new antimalarials based on the
 
principles outlined above.
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FY 1987
 

HYDROLOGY OF PAINFED PADDY LAND
 

SACHA SETHAPUTRA AND AMNAT APICHATVULLOP
 

Faculty of Engineering, Khon Kaen University, Khon Kaen 40002, Thailand
 

OVERALL AIM OF THE RESEARCH
 

This research seeks to develop a mathematical model for a watershed
 

kntaining predominantly paddy land area unique to Northeast Thailand.
 

land will be used for planning and management of
Such models for paddy 


water utilization in the agricultural watershed. The research itself
 

in the overall research framework aiming at large
,onstitutes a component 


scale implementation of small diversion weirs for supplementary irriga

tion of rainfed paddy land. 

CONTRI BUTION 

relevant to many important develop-
The research will provide answers 

ment i ,ues. These include: How much water is available in a stream as a 

result -f a certain land use pattern? How much of this water can be used
 

for su Lementary irrigatio: of rainfed paddy land? What is the best 

scheduling [or such supplementary irrigation? How ma y diversion weirs 

should be built for such irrigation? How can land erosion and sediment 
willdeposition at the weirs be minimized? The results of the research 

also be applicable to developing countries in Southeast and South Asia of 

whicI the rural poor subsist on rainfed paddy cultivation. The research 

policy ir,plications will enable governments and interresults and thei: 

help the rural poor in the area most needed.
national donors to 


INNOVATIVE APPROACH
 

The research formulation embraces the interactions of a natural pro

cess and The effect of human interferences. This natural process is
 

important since it affects the livelihoods of hundreds of millions in
 

many less developed countries. In the United States the hydrology of
 

rangeland has been well established. This study could well be considered
 

as a new parallel innovative discipline.
 

LINKAGES AND RELEVANCE TO REGIONAL DEVELOPMENT
 

A preliminary study of t'.e hydrological process involved in water

sheds containing paddy land was made by Khon Kaen University in 1978. At
 

that time, an attempt was made to collect field data. The present re

search, being more comprehensive, is a vital component in the overall
 

Resources and Environment
research framework conceived by the Water 


Institute, Khon Kaen University. Together, these research components
 

form a package of research activities the outcome of which can be used
 
aiming at
for large scale implementation of weir construction programs 


providing supplementary irrigation for paddy land. In order to see how
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this research tits into 
the overall research 
framework 
and hence the
likelyhood 
of its success, 
it is necessary 
to describe
components. other research
The following sections 
provide some 
elaborations. 
 Large
scale development 
of weirs for supplementary irrigation of rainfed paddy
land and 
other domestic requirements 
in Northeast 
Thailand 
has
emphasized by been
the Royal Thai Government. 
 Many problems have
tered. The been encounproblems range 
from technical 
to social 
and economic
blems. Initially, technical problems 
pro

related to the appropriate design
of the weir were promineat. At present 
it may be claimed that
nical problems related the tech
to weir design 
bave been solved.
versity, through its Khon Kaen Uni-
Faculty of r'ngineering and the 
Water Resources
Environment 
Institute (formerly 

and
 
Office 


was of Water Resources Development)
the principal 
agency responsible 
for past research 
in weir design
improvement. 
 Since weirs can be built only 
at places
streams, on or close
paddy land further away from them may not get 
to
 

any benefits.
Therefore, only 
some portions of 
the rainfed paddy land will
weirs. benefit from
In order to assess 
the percentage of 
rainfed areas that 
can benefit trom weirs, 
another research 

tial 

project entitled "Water Resources Spa-Zoning Stid'y,' is b- iig conducted. This is depicted in the top box
Of Figure 1. The "Zoning Studyw will provide potentials for the weir¢i:lstruction program. The information will be usefulde'v':opment projects: 
for two other


the Small Scale Irrigation Project 
and the
Ze.;1and KKU-New
Weir Program. Thiis 
present research, "Hydrology of Rainfed Paddy
Land," is viewed as a 
t, warch project that will provide information and
answers 
on physical aspects 
of watersheds. 
For example, it will be able
to tell that 
weirs should not 
be built less 
than two kilometers apart
the same in
stream to prevent competition 
for water. This kind 
of informawill be useful
tion for setting strategies for implementation
preparatioi of or even in
rules relating 
to water utilization. 
 Conversely,
deveiopment projects the two

will provide 
 basic socio-economic 
 information-pointing out important aspects in 
the process of 
model development in


this research.
 

CONCEPTUAL FRAMEWORK
 

This research 
project consists of 
two major tasks: (i)
mentation field instruand data collection 
(ii) model development, calibration and

verification.
 

Field Instrumentation
 

Northeast 
Thailand 
was chosen 
as a target study area 
due to
relevant development priority. 
 In addition, the region 
contained several
types of topography typical 
of Southeast 
and 
South Asian countries. 
 For
example, mountainous areas, undulating terrains, and alluvial plains
available. were
Five watersheds 
of different topography 
were selected 
as
 
shown in Table 1.
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Table 1 Watersheds 	Selected for Field Instrumentation.
 

Stream Name 	 Location Drainage Area %of Paddy Topographic
 
km2
District/ Land Type
 

Province
 

1. 	Huai Yae Chaturat/ 187 3.5 Foothill
 
Chaiyaphum
 

2. 	Huai San Pan Kudbak/ 50 49 Foothill
 
Sakhon
 
Nakhon
 

3. 	HuaiKhummum Ubolrat/ 244 26 Undulating
 
Khon Kaen terrain
 

4. 	Huai Som Yai Nong Bua 76 61 Undulating
 
Lampu/ terrain
 
Udon Thani
 

5. HuaiBo 	 Pang Khon/ 82 80 Alluvial
 
Sakhon plain
 
Nakhon
 

Gaging stations will be set up for measuring important hydrolo
gic data such as rainfall, streanflow, erosion and sedimentation data.
 
Relevant meteorological data such as temperature, solar radiation, humi
dity and evaporation will be collected. Representative soil samples will
 
be taken for laboratory testing to determine important properties such as
 
soil classification, grain size distribution, infiltiation characteris
tics and hydraulic conductivity. Instrumentation and da-a collection
 
activities will be carried out extensively because there are very few
 
existing data for watersheds of this size (about 100 to 200 km2). In
 
addition to the five watersheds of Table 1, five more watersheds with
 
similar characteristics will be selected for lesser degrees of field
 
instrumentation. The collected data will be used for model verification.
 
Collection of hydrologic and meteorological data will be carried out on a
 
daily basis. Continuous data will be recorded for rainfall and stream
flow during the rainy season to be used for hydrologic model calibration.
 

Model Development, Calibration and Verification
 

The development of models can be divided into two aspects.
 
First, a water budget analysis of the watershed will be carried out. The
 
analysis will include rainfall, evapotranspiration, streamflow and
 
groundwater. Second, a more detailed rainfall-runoff model will be
 
developed. A few popular models will be tested and refined to end up
 

287
 



with an appropriate model 
for paddy land watersheds Particular 
emphasis
will be given 
to the initial abstraction 
and infiltration 
components.
The model will be calibrated and parameters optimized using the collected
data. Once calibrated, 
the model will be verified by applying it to
watersheds other than those 
used in the model development and 
calibration. Activities to be 
carried out are scheduled as shown 
in Table 2.
The project was started in May 1987 and is, at 
the time this manuscript
was written, 
only in its Lhird month. Current activities include procurement of equipment, 
field survey and instrumentation and collection of
 
detail secondary data.
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ACADEMIC RESEARCH
 

"HYDROLOGY OF RAINFED
 

PADDY LAND
 

Provides information Highlights aspects to be
 

on physical limitation emphasized in modeling,
 

(for planning and guiding data collection
 

management) \7
 

Indicates DEVELOPMENT RESEARCHES 

WATER RESOURCES_ Weir "SMALL SCALE IRRIGATION 

SPATIAL ZONING SYSTEM" & "KKU-NEWZEALAND 

STUDY WEIR PROGRAMM" 

GOAL
 

EFFECTIVE LARGE SCALE
 

IMPLEMENTATION OF WEIRS
 

Figure 1 Research Framework for Agricultural Water
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Table 2 Project Activity Plan (Hydrology of Rainfed Paddy Lands) 

Activity 1987 1988 1989 1990 

Hiring of Staff 8 
Development of workplan 

Equipment procurement 
--------

Field survey and instrumentation 

Field data collection , 

--

-

Laboratory testing 

Hydrologic model development-

and calibration 

Hydrologic model verx fication 

Meeting with Israel
collaborator 

Progress report 
Final report 

_________________________________________________ I 
-

________________ 
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YIELD IMPROVEMENT. AGRONOMY, AND LOCAL USE OF AMARANTH (AMA-TH-2-83--9) 
- VARIETAL YIELD TRIAL IN GRAIN AMARANTH
 

CHUCKREE SENTHONG, SUTHAT JULSRIGIVAL, DUMRONG TIYAWALEE AND PAIBOOL
 
WIVUTVONGVANA
 
Agronomy Department, Chiang Mai University, Chiang Mai 50000,
 

ABSTRACT
 

Grain amaranth (Amaranthus p is an important food crop that is
 
widely grown through out Central and South America and in some Asian
 
countries for high quality protein food and animal feed. Studies on this
 
newly introduced crop began in Chiang Mai, Thailand in 1983. Fifteen
 
genotypes differing in morphological and grain types were evaluated for
 
their adaptabilities and yield performances in these locations (lowland
 
rainfed, upland and highland areas) with differences in altitude (300,
 
800 and 1,000 meters) above mean sea levels). Field studies were con
ducted on the farms (research stations) of the Faculty of Agriculture,
 
Chiang Mai Univxersity, Thailand from 1983 to 1986. The results showed 
marked differences in high yielding stability and adaptation of various 
grain types of amaranth grown utider different altitudes. African and 
Mexican grain types (A. cruentus) such as 83S-27, R-158 and 82S-1041 
genotypes had higher yield and adapted better than the Mercado, Nepal, 
Spike and Aztec grain types (A. Uypochon driacus). The South American 
grain type (A. caudatus) wa less adaptable to lower altitude but per
formed well under highland locations. African grain type (83S-27) and 
Mexican grain type (R-158) gave the highest averages in grain yield of 
3228 and 2938 kg/hectre, respectively, under upland conditions (800 
MSL). Drought atress in the lowland rainfed conditions (300 MSL) 'qac 
found to be the m~ij6r c,:.straint for grain amaranth production, while iuw 
temperature was the ma'Or limiting factor for the highland areas (11000 
MSL).
 

INTRODUCTION
 

In Thailand, vegetable amaranth has long been cultivated on small
 
farms for edible leaves and animal feed. Amaranthus tricolor and A.
 
dubius have been grown in semi-arid and tropical regions for more than
 
2,000 years (NAS, 1984). Vegetable amaranth is one of the cheapest dark
 
green leafly crops in tropical markets and is described as a poor man's
 
vegetable. Its leaves are a good source of carotene, iron, calcium,
 
vitamin C, folic acid and other micronutrients. Grain amaranth is a new
 
crop in Thailand, but it was one of the basic food crops of the Americas
 
in pre-Columbians times. Tnree species of the genus Amaranthus produce
 
large seed heads with edible seeds. A. hypochondriacus and A. cruentus
 
are native to Mexico and Guatemala; A. caudatus is native to Peru and
 
other Andean countries. Although grain amaranth is a food crop of the
 
A: icas, during the last century it was found to be a popular crop among
 
hill tribes in India, Nepal, Pakistan and China. In the highlands of
 
some Asian countries, it was found that grain amaranth was intensively
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cultivated. 
 Grain 
amaranth can be cultivated as a secondary crop in
mixed crop 14ngs with 
maize, sorghum, millet, 
hot peppers or other food
crops (NAS, 1984, Joshi 
et al.,1983). With 
a protein content 
in the
seeds of 
about 16 %, amaranth compares well with other crops such as
wheat (13%), 
 rice (7-10%) and corn (9-10%). Amarant protein, however,

has nearly 
twice the lysine content of wheat protein, and in fact as much
 as is found 
in milk (NAS, 1984). 
 Its protein can complement other

cereals of low 
lysine content, 
while cereals complement amaranth in 
leu
cine. A diet 
which combines amaranth seed with other grain provides high

quality protein (Grubben and van Sloen, 1981).
 

Aiaranth seed 
can be used in breakfast cereals 
or as an ingredient in
confections. 
 It also can be parched or cooked into gruel 
or milled to

produce a sweet, 
light colored flour 
suitable for biscuits, breads, cakes
and other baked 
gooos. When heated, the tiny amaranth grains pop and
 
taste like a nutty 
flavored popcorn. 
 The popped seeds are light and
crisp and are eaten as a snack, or as a cold cereal with andmilk honey
(NAS, 1984). Grain amaranth can be grown in a wide range of environmentswith different yields in each location. It can be grown in dry areas
with 600-800 
mm of rain fall 
per year for tropical highlands up to an

elevation of 
more than 3,000 meters. Grain amaranth is classified as a
C 4 pathway crop. plants
C 4 have higher efficiency for fixation of
CO 2 and can convert with a higher 
ratio of atmospheric carbon 
to plant
 
sugar per unit of water lost 
than C-3 pathway crops (NAS, 1984).
 

With an excellent nutritive 
value, the ability grow well in a wide
 range of climatic conditions, less susceptibility 
to diseases and insect
 
damage, the ability to prevent 
soil erosion and to conserve soil moisture, grain amaranth would 
be a highly promising crop for 
the poor people

that are lacking protein 
sources, especially 
the hill tribes peoples and
pre-school 
children in Thailand. The significance of 
this research pro
ject is not only to serve the basic needs of 
the poorer people in the

rural 
areas but also provide information about 
this crop for other devel
opmental agencies and national 
 development plans. 
 Furthermore, the
results obtained from this project 
will be a supportive basis for intro
ducing a new crop in the multiple cropping 
system program for the upland

and higiiland areas. If the yield 
of grain amaranth, which is 
a component
 
crop in r1: based systems, is improved, the 
income return of farmers
 
will be increased.
 

The major objectives of the project studies at 
the Faculty of Agriculture, Chiang 
Mai University are, 
to explore the agronomic aspects of
grain amaranth and to survey 
the potential 
for wider local production and
 
use of amaranth by small farm holders. At pressent emphasis is 
on the
varietal 
yield trial study. The objective of the 
trials is to evaluate
 
the adaptabilities 
and yield performances 
of this newly introduced crop
grown under three different altitudes in the 
 Northern part of Thailand.
 

MATERIAL AND METHODS
 

The yield Lrials of collected genotypes 
of grain amaranth were con
ducted at three different locations which 
were classified 
as lowland
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rainfed (300 MSL), upland (800 MSL) and highland (above 1,000 MSL), for 
late May through June
four consecutive years from 1983 to 1986. During 


(rainy season), the land was plowed, rotovated and fertilized with
 
then rotovated again.
50-62.5-62.5 of N-P 2 0 5 -K 2 0 kg per hectare and 

One week after emergence, plants were thinned to 0.10 m. intra row spac

ing. Weeds were controlled by two hand weedings at 30 and 60 days after 

seeding. Carbofuran (Fura(li iG) was used for insect control and was 

applied at the rate of 2 qm per square meter. A randomized complete 

block design with four replications was used. A plot, measuring 3 m x 

7 m, was assigned to eacn genotype. Data on some important physiological 

and agronomical characters such as epidemic of diseases and insects, 

flowering and maturity dates, lodging, sh ,ttering and plant height were 
2

recorded. Grain yield was harvested [,il an area of 15 m from each 

plot. Seeds wtore dried at. 70 C for 48 hours and all yields corrected to 

a standard of a [4 % moisture level. Dried seeds were weighed and ex

pressed in term of kg per hectare. All the data was computed and analyzed. 

RESULTS AND DISCUSSION
 

The results of the yield trial experiment are shown in Table I. It 

was found that grain amaranth grown in the upland locations (800 MSL) 

produced the highest average of grain yield of 1,586 kg/hectare, whereas 
yield ofin the lowland rainfed (300 MSL), the lowest average in grain 

243 kg/ha was obtained. The African and Mexican grain types (A. cruentus)
 
to diverse climaticproduced the highest graii yields and adapted better 
Aztec grain types.conditions than the Nepal, Spike, Mercado, Prima and 

The South American grain type (A-713 and A-982) was less adaptable to 

lower altitudes ( 800 MSI,) but performed well in highland areas (11,000 

MSL). It is evident that the South American grain type (A. caudatus) was 

more adaptable to cold conditions than the other grain types. In Nepal, 

having up to an altitude of 3,000this grain type can be grown in areas 

meters (NAS, L984). The averages of plant height were not significantly 

different amo. the three altitudes, while the maturity dates to these 

genotypes inc: ed as altitude increased. It was observed that the
 

Aztec and the South American grain types were not only late in flowering
 

but also tall and late maturing. These two grain types took more than 6 

months ,.o mature for harvest (Senthong, 1984). It was found that drought 

stress n the lowland rainfed was the major limiting factor in grain ama

ranth production. The highest grain yield potential obtained from the 

83S-27 (African grain type) genotype grown under lowland 	rainfed condi
genotypes protions (drought stress) was only 450 kg/ha, where as these 


duced a higher average grain yield of 3,228 and 2,605 kg/ha, under u.pland 

and highland conditions respectively. Senthong et al., (1987) reported
 

that the average grain yield of 33 genotypes of grain amaranth grown
 

under lowland rainfed conditions were very low (182 kg/ha) compared to 

th)e upland and highland areas whose average yields were 1,388 and 1,231 

kg/ha respectively. This grain yield under the lowland 	rainfed condi

tions was therefore, limited by the variations in the amount and distri
factors that discorage
bution of rainfall and by the biotic stress 


has been possible,
investment in technological inputs. Where irrigation 

of 20 genotypes of grain
higer average in grain yields of 1,500 kg/ha 


amaranth have been achieved in lowland irrigated areas (Senthong, 1984).
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Dudal (1976) reported that 90 
% of the global
agricultural problems. land area has significant
Of these, 
the most important
chronic. is drought
Drought stress which is
influences various physiological 
processes 
associated with crop growth development 
and economic yield (Hsiao, 1973;
and Turner, 1976; BeggLevitt, 1980).
types The average grain yieldgrown in highland of 15 genoareas (>1,000 MSL) was 33upland location (800 % lower than those ofMSL). This 
result 
was probably
lower temperature that associated withmight affect the yield performances of grain amaranth grown 
in this location.
 

CONCLUSIONS
 

1. Grain amaranth can grow and adapt well in the uplandland areas in and highnorthern part of Thailand.
 

2. The African 
and Mexican grain types
suitable (A. cruentus)
to are
grow under more
a wide range of 
climatic conditions as 
compared to
the other grain types.
 

3. Drought stress 
was found 
to
amaranth production
be the major constraint for grain1 at the lowland rainfed location, while lowture temperai.s the problem in 
the 
highland locations.
 

4. More genetic variabilities should be generated forpurposes such as drought some specificand cold resistance, by screening,more germplasin introducingand by crossing among parents which 
are diversed 
in origin
and genetic bases.
 

5. All advanced 
promising 
genotypes
further or breeding
tested arid lines should be
selected continuously 
for 3 to 4 years until the most
desirable traits 
are found.
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Table 1. Average Grain Yield, Plant Height and Days 
to Maturity of Diffetent Grain Types of Amaranth Grown Under Three
Different Altitudes During 1983 
to 1986 
at Chiang Mai, Thailand.
 

Lowland rainfed(300MSL) 
 Uplant (800 MSL)
Genotype Highland (>Grain type Plant Ht. Day to 
100 MSL)


Mat. Yield Plant Ht. Day to 
Mat. Yield Plant Ht. Day to Mat.
(cm) Yield
(days) (kg/ha) (cm) 
 (days) (kg/ha) 
 (cm) (days) (kg/ha)
 

1. 83S-27 
 African 
 163 ab* 117 b* 460 a* 
 157 ab* 135 d* 3228.3 a* 166 d* 
 148 bc*
2. 79S-1040 African 2605 a*
123 bc 
 96 cd 387 b 122 bc 140 d 
 2886.2 b 
 107 f 106 c
3. R-158 Mexican 650 ef
153 ab 
 114 bc 450 a 154 
ab 133 de 2983.1 b 149 de 
 148 bc
4. 82S-1041 1860 bc
Mexican 
 162 ab 117 b 390 b 
 164 a 127 de 2391.0 c 160 de 120 de
5. 82S-SP130 Nepal 2033 b
145 b III bc 80 d 
 117 bc 
 133 de 1154.0 f 165 d 
 144 c
6. 82S-1008 Nepal 1583 c
130 bc I1 bc 70 d 
 108 bc 106 f 
 1078.8 f 69 g 
 114 de 247 fg
7. 82S-SP153 Spike 
 127 bc 
 83 d 200 c 95 bc 
 111 f 1180.0 f 
 87 fg 113 de 1330 cd
 
c 99 c 180 c 


8. 82S-674 Spike 
 112 95 bc 109 f 1293.6 ef 
 72 fg 118 de
9. 82S-1023 360 f
Mercado 
 128 bc 
 118 b 340 b 1U7 bc 
 123 e 1989.5 d 137 e 121 de
10. 81S-1044 841 de
Mercado 
 140 b 
 99 c 237 c 156 ab 
 130 de 2368.1 c 152 de 128 cd
Ll. 81S-1004 Prima 1150 d
105 c 83 d 60 d 
 91 .c 105 f 1053.3 f 60 g 
 121 de
12. A-982 437 ef
South American  -
 - 128 b 178 b 
 51.0 h 203 bc 170 ab
.3. A-713 233 g
South American  123 bc 202 a 
 34.0 h 198 c 190 a
.4. A-718 Aztec 342 fg
 
- 163 a 171 bc 
 619.5 g 252 a 
 170 ab
5. A-723 758 e
Aztec 
 205 a 185 a 58 d 183 a 16 4 
c 15 2 4 .7 e 225 b 166 b 
 1537 c
 

Average 
 141.08 
 111.08 242.66 130.8 
 137.8 1586.0 146.5 138.5 
 1064.0
 

Values within a column followed by the same letter are not significantly different at 5% level of probability using

New's Duncan Multiple Range Test (DMRT).
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Agronomy Department, Chiang Mai University, Chiang Mai 50000, Thailand
 

ABSTRACT
 

A maize/ricebean intercrop was evaluated for its advantage over mono

cultures in terms of grain and nitrogen yield and the benefit from nitro

gen fixation. Field experiments were carried out in Tropaqualf soils
 

under rainfed conditions in Northern Thailand from 1983 to 1986. Inter

crops and monocultures were compared at a constant overall density equi
valent to 80,000 maize or 160,000 ricebean plants/ha, using de Wit's
 

replacement series. Nitrogen fixation by the ricebean was estimated with
 

the natural abuLdance 15N method, labelled 15N and ureide analysis.
 

Evidencc of intercrop advantages was obtained from the analysis of
 

relative yields and in terms of absolute yield of grain and nitrogen.
 

Dry matter, grain and nitrogen yield of maize and ricebean in intercrops
 

relative to their monoculture yields (relative yield, RY) were signifi

cantly greater than their respective share of the plant population.
 

Relative yield totals (RYT) for grain, dry matter and nitrogen were
 

always greater than 1.
 

Nitrogen fi -ion by the ricebean was found greatly enhanced by
 

intercropping. Proportion of nitrogen derived from fixation increased
 

25% to 138% above that in monoculture. This enhancement of fixation was
 

maintained long after the maize harvest. Despite their higher nitrogen
 

yields, the intercrops took up the same amount of mineral nitrogen from
 

the soil and fertilizer as monoculture maize. The intercrop surplus
 

yield of nitrogen was created by fixation.
 

INTRODUCTION
 

The majority of Thailand's annual maize, which is grown on almost one
 

million rai of land, is without the addition of fertilizer. An estimated
 

100,000 ha of this maize is grown in association with indeterminate tra

ditional legumes, black seeded cowpea (Vigna unuiculata) and ricebean 

(Viqna umbellata). Ricebean, lonally known as redbean or Loei redbean, 

is a common and traditional pulse of India and Southepst Asia. !t is 

grown in association with major cereals, e.q. rice in Burma (Purseglove 

1974) and maize in Thailand (Chulasai et al. 1985). In Thailand rice

be-n, mostly intercropped with maize, is grown on about 3n,000 ha; 21,000 

tons were export-ed in 1985 with a market value of 200 million bah- (OAE 

1986). Maize intercropped with ricehean is generally believed to be a 

more sustainable cropping system than monoculture maize and is presently 

being recommended for the remote highlands where yield dcclines rapidly 

after 2 - 3 years of maize monoculture (C. Slithi pors. comm.). This 

study sought to evaluate the advantage of maize/ricebean intercrop in 

terms of grain yield and nitrogen economy.
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MATERIALS AND METHOD
 

The experiments were 
carried out

ditions in 

from 1983 to 1986 under rainfed con-
Chianq 
Mai, Northern Thailand. 
 The soils
Tropaqualfs. The replacement series design 
were series of 

(de oit: 1960)compare interLcrops was used towitii monocultures 
80,000 maize 

at a conistanc overall density of16(J,i10u 
 icebean plants/na. 
 The treatments
combinations were factorial
of cropping systems and levels
ricebeaij ratios in 
of combine nitrogen. Maize:the intercrop varied from 100:0, 75:25, 50:50,and 25:750:110., Combined nitrogen ringed from U to 200 kgN/hlected include dry matter . Data colyield, nitrogen yield and grain yield.gen fixation was estimated from the 

Nitro
natural abundance15N and ureide of 15N, lcoelledanalysis. Detail of the experiments haveelsewhere. been presented(Rerkasem 
 and Rerkasem 
 submitted 
 and Rerkasem 
 et a].
submitted).
 

RESULTS AND DISCUSSION
 

When both maize and ricebean yields are intercroppedof grain or ritrogen the dry weightsoere almost always above the exdected yieldtheir proportions in based onthe mixtire, implying synergisticintercroppi lg effects due tofor both species (Figure
RYT values were 

1, 2 an, 3). Consequently, thegreater rh..n 1, indicating
cropping a yiela advantage of inter-over monoculture. This intercrop advantageby combined nitrogen. In 

appeared unaffectedall experiments ricebean consistently yieldedthe same amount of grain when intercropped, iLrespective of maize: ricebean ra-.ios, as in inonoculture.
 

The RYT's 
 for grain yields of the intercrop, weightedrence for the diffein crop duration, abbreviated as ATER (Hiebsch and McCollumfor all 1997),four exoerirents ranged from 1.231 to 2.263, with a mean of
1.604t0.287.
 

Intercropped maize 
and ricebean yields, 
whether measured in terms
RYT's ior dry of
matter and nitrogen yields

growth for the period of associative
or ATER's fr.7 
grain yields, all indicated

intercropping, compared 

definite advantages ofwith their monoculture yields. Similartages in leqimeinonlerume advanintercrops have been observed(1986), Trenbath (1976) 
by de Wit et al. aa Hiebsch and McCollum (1987). Thethe yields fact thatof both maize and ricebean when intercropp~dabove the were generallydiagonals in the replacement diagrammeseffects implies beneficialof intercropping 
Eor both species. In addition toin the advantage
relative terms, there wer? a'so absolute advantages in terms
nitrogen yield and of highergrain yields at a maize:ricebean

Since ratio of 75:25.ricebean grain is 2.5 to 3.0 times the price ofaccount maize grain, onof its higher nutritive value, a higher return canfrom the be expectedintercrop than monoculture miize, even when the totalgrain harvested in intercrop did net 
weight of 

exceed that 
of the monoculture maize.
 

Nitrogen Fixtior
 

The proportion 
of N2 i ricebean that
tion was derived from [ixavaried somewhat 
between experiments 
and methods of measurement.
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Nevertheless, the major finding that nitrogen fixati.on in ricebean was 

enhanced by intercropping was consistent wit.1 all sets of data (Table 

1). The effect was similar to the effects of decreasing the level of 

combined N, The uptake of mineral nitrogen, soil and/or fertilizer, by 

ricebean was markedly reduced by intercropping, while that in maize was 

increased, relative to their respective shares of the population. This 

evidence suggests that mineral nitrogen was responsible for low contribu

tion from fixation in monoculture ricebean. With intercropping, the 

mineral nitrogen was taken up by maize, thus lessenirng the depressing 

effects on riceb-an N2 fixation. 

The amount of mi.neral nitrogen taken in the maize plus ricebean
 

in intercrop never exceeded the amount taken by monoculture maize (Table 

2). Estimated fixed N accounted for the nitrogen surplus yield of the 

inter-crop over that of the monoculture maize. This indicates that 

nitrogen fixation by the ricebean is the major advantage derived from
 

maize/r icebean intercropping.
 

CONCLUSION
 

This study has shown that there is a clear advantage in intercropping 

maize with ricebean in terms of dry matter, seed and nitrogen yield. The
 

intercrop advantage in nitrogen yield actually exceeded the best monocul

ture yield. This results fr,:m the efficient use of mineral nitrogen by
 

the maize and enhancement ,f nitrogen fixation by the ricebean. The
 

effects of intercropping in enhancing ricebean nitrogen fixation were
 

maintained long after the maize harvest. The increased dependence on 

nitrogen fixation in intercropped ricebean has caused a similar amou it of 

nitrogen to be fixed under intercrop and monoculture, despite a much
 

higher nitrogen yield in the latter. The overall advantage of the maize/ 

ricebearn intercrop is therefore related to the efficient use of mineral 

nitrogen by the maize, and to fixation by the ricebean.
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Table 1 Contribution from Nitrogen Fixation in Ricebean Intercropped
 
and Monoculture. 

Year kgN/ha days from Maize : ricebean ratio Method* 
sowing 75:25 50:50 25:75 100:0 of 

measurement 

Proportion of N from fixation 

1985 0 91 0.66 0.61 0.49 0.47 1 
0.86 0.84 0.63 0.36 2 

147 0.77 0.64 nd 0.48 1 

1986 2 1.00 0.90 - 0.76 0.72 3" 

200 100 0.51 - 0.39 0.37 3 

*Method of measurement: 1 = Ureide Analysis; 
15 

2 = Natural Abundance N 
15 

3 = Labelled N 
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1985 

Table 2 Sources of Nitrogen Taken Up by Maize and Ricebean in Intercrop
 
and Monocultures.
 

KgN/ha M:rb* Maize N Ricebean N Cropping systems
 

total N
 
S + F** S + F Fixed S + F Fixed
 
....................kgN/ha ................................
 

91 days from sowing
 

0 100:0 130.6 - - 130.6 -
75:25 122.0 16.5 31.8 138.5 31.8 
50:50 78.9 26.7 40.4 119.6 40.4 
25.75 54.2 70.9 58.3 125.1 58.3 
0:100 - 72.1 62.5 72.1 62.5 

147 days from sowing 

0 100:0 - - -

75:,23 - 18.6 64.0 - -
50:50 - 28.3 50.3 - -
25:75 - nd nd - -
0:100 - 74.4 69.0 - -

1986
 

20 100:0 74.34 
 - - 74.34 
75:25 63.72 6.78 62.19 70.50 62.19
 
25:75 42.51 28.65 97.90 71.16 
 97.90
 
0:100 - 37.61 96.79 37.61 96.79
 

200 100:0 229.48  - 229.48 
75:25 182.73 27.87 31.78 210.6 
 31.78
 
25:75 92.46 93.44 
 60.32 185.90 60.32
 
0:100 - 122.15 55.45 122.15 55.45
 

* M:Rb Maize:Ricebean 

** Fertilizer Plus Soil Nitrogen 
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No 	 N50 1983 N100 N?00 
16.0 RYT 1.51 RYT 1.78 RYT :1.36 	 RYT= 1.28 

116.0 

'a	 it12.0 

10.0 	 a "
 
M4AIZE 	 aaa 

8.0 	 • 

6.0 	 aa 

4.0 

2.0 
0 .IC,AN 

1980 

No N50  Noo N200 RYT=1.2 2 RYT 1.18 RYT : 1.09 RYT 1.22 

12.0 

10.0 
8.0 	 1",,,
 

-- 6.0 
 -	 a 

iLJ
 
2.0 

>- 0 
Of 

No 	 1985 N100  N20 1986 N200 
30. RYT=!.26 	 RYT =11.4t RYT- 1.27 	 RYT =1.1530.0	 

JE2.0 

26.0 

24.0 	 a 

22.0 	 a 

20.0 	 aa 

18.0 - A. 	 . . 

12.0 " ' " 	 " 
10.0 	  -


8.0 

12.0 

4.0 

Maize 100 75 50 25 0 100 75 50 25 0 100 75 SO 25 0 100 75 50 25 0 
Ricebean 0 25 50 7S 100 0 25 50 75 100 0 25 50 75 100 0 2S SO 75 100 

PROPORTION OF MAIZE/ RICEBEAN (%) 

FIGURE 1. 	 Effects of combined nitrogen and maize/ricebean proporti-on on top dry weight. Bar$ 

represent standard error (SE) of the total top dry weight. 
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1.0 

No N50 1983 Nioo N2oo 
6.0 ATER 1.53 ATER= 1.74 ATERxl.70 ATER,.41 
5.0 roTAL . - .--. -, st 1 

4.0 AIZE 'S"I 

3.0 SS.2.0 555 

0 

No Ns 1984° N100  N20 0 
- J0 ATER= 1.84 ATER= 2.16 ATER= 1.50 ATER= 2.26 

&.0 , A,
 

5.0 " .. ." 

4.0 Y
 
3.0 ' '. 555 

z 
- 2.0 S 

1.0 

0 

No 1985 N100  N2 19860 N200 ATER= 1.35 ATER 1.1.5 ATER-1.50 ATER=1.64
 
6.0 

5.0 

6.0 

3.0
 

2.0 
 'l 

1.0
 

Maize 100 75 50 25 0 100 75 50 25 0 100 75 50 2S 0 100 75 50 2S 0 
Ricebean 0 25 SO 75 1oo 0 25 50 75 100 0 25 50 75 100 0 25 50 75 100 

PROPORTION OF MAIZE /RICEBEAN (%) 

FIGURE 2. Effects of combined nitrogen and maize/ricebean proportion on 

grain yields. Bars represent standard error{ISE )of the total grain yield.. 
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No 	 Nso 1983 Nloo N200 
RYT=1.48 	 RYT= 1.50200,,,-	 RYT= 1.50 RYT= 1.s2 

. S E 
S
1 8 0 

s TOTAL
/ • 


160 A - - ., ' s
S 

- tAX 

-& 'S... S.•iMAIZE 
., 	 x MAIZE 

120 

100 

80 

60 

40 

20 RIC bEAN 

0 -----. _L J -

No Nso 1984 Nloo N2oo 
RY- 1.31 RYT- 129 RY" 1.26 RY- 1.29 

ro 160 

140 	 Ak'S

0" 120 ""
 

100 	 , - 

80 ,' 

o. 60 

40
 

2 2
 

z 1985 	 1986N0 NlO0 N20  N200 

260T --1.26 RYT : .4.8 RY E : 1.4.7 RYr =1.21 

2260
20 - -' 

200 	 / 

180 ,'s / I 

S 	 I 

120	 ,160 ,, ,,,-


140' ' 

60 

20 

Maize 100 75 50 25 0 100 75 50 25 0 100 75 50 25 0 100 75 50 25 0 
Ricebean 0 25 SO 75 100 0 25 50 75 100 0 25 S0 75 100 0 25 50 75 100 

PROPORTION OF MAIZE/ RICEBEAN(%) 

FIGURE 3. 	 Effects of combined nitrogen on the uptake of total nitrogen (soil N and fixed I
 

in the top of maize (n- )and ricebean (o-o) in Intertrop and monocutture
 

at corn maturing stage -.. indicates intercrop total.
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SPECIES SELECTION AND POTENTIAL USES OF GRAIN AMARANTH AS AN INTRODUCED
 

CROP (AMA-TH-4-83-18)
 

SOONTHORN DURIYAPRAPAN, PANAS BURNNASI LPIN, JIRAPORN WATANAKUL, SAYAN
 

TANPANICH AND SAMARD CHITNAWASARN
 

Thailand Institute of Scientific and Technological Research (TISTR),
 

Bangkok 10900
 

INTRODUCTION
 

Grain amaranths were once extensively grown and used as staple foods
 

nearly as important as corn and beans by the Incas and Aztes in the
 

Americas. This plant went into oblivion after the collapse of the
 

American Indian culture in the 15th century following the conquest of the
 

Aztec Empire by Spanish conquistadors. The Spanish conquerors had
 

strictly forbidden further planting and use of amaranth grains because of
 

their use in Dagan rituals and human sacrifice.
 

Revival of interest on grain amaranths began after the discovery of
 

unusual protein quality in amaranth grains by an Australian plant physio

logist, John Downton in 1972. Amaranth grains contain about 16% protein 

content, which is considerably higher than other grains. However, an 

exciting potential of grain amaranths lies in its high content of the 

amino acid lysine which is generally low in most cereals. The lysine 

content in wiranth grains is as much as is found in milk. 

Ident ification of grain amaranths as an underexploited tropical plant 

with promising economic value by NAS in 1975 greatly stimulated public 

attention. Mixture of amaranth graia flour and conventional flour seems 

to provide an ideal staple with balanced amino acid composition for 

optimum health. 

Protein deficiency is one of the common health problems in developing 

countries, .,.pecially in poor rural areas. Thailand is no exception; 

there is an u-gent need for protein foods to alleviate protein deficiency 

problems in rural areas. Because of a decline in marine production, one 

of the most important protein food sources is decreasing. Therefore, it 

is necessary to look into other sources of protein food in order to meet 

the increasing demand. 

Thailand Institute of Scientific and Technological Research (TISTR) 

received financial support from BOSTID-CRG in 1983 to undertake research 

on grain amaranth production and utilization in Thailand, especially in 

the northeast areas. 

The objectives of the research program are to develop and select 

grain amaranth varieties for Northeast Thailand, to adapt grain amaranth 

to Thailand crcpping practices, and to introduce this nutritious food 

grain to the public. 
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MATERIALS AND METHODS
 

This 	research program has been carried out 
in four main categories:
 

I. Grain amaranth germplasm, collection and evaluation.
 
2. 	Study of cultural practices
 
3. 	Study of food processing
 
4. Animal feeding trials.
 

Seventy-eight accessions of 
grain amaranth were introduced into Thailand 	at the beginning of the research 
program in 
early 1983. Nearly a
half 
came 	from Rodale Research 
Center's Collection. 
 The 	rest came from
Brazil, 
India, and tne Republic of China. 
 Thirty accessions 
of grain
amaranth 
were 	also collected in October 
1986 from Nepal.
 

Classification 
of 78 accessions into various grain types 
was 	carried
out 	 during preliminary evaluation 
of monthly planting from 
April to
August 1983 at TISTR's Chan Thuk 
research station. 
 Plant accessions with
poor 	adaptability 
were 	excluded 
from 	further evaluation 
at this stage.
Varieta! Trials 
of grain amaranth accessions 
were 	subsequently carried
out 	within and between Mexican grain types, 
Mercado grain types, Nepal
grain types and Aztec 
grain types. Selected accessions and plant types
were 	then subjected to intensive 
studies in response to different
tural prctice treatments 	
cul

of spacings, fertilizer 
rates, planting dates
 as well a responses to differunt methods of weed control.
 

Development of 
grain amaranth for Northeast Thailand 
was 	also carried
out 	through plant breeding and selection. 
 Evaluation of 10 F2 
hybrids
from 	Rodale Research Center 
was 	carried out to improve grain yield 
and
 
adaptabiilty to 
local conditions.
 

Study on food processing of amaranth grains 
was 	initially carried out
in TISTR's Food Technology 
Lab 	but most of the works 
in the later period
were 	carried 
out 	in the Institute of 
Food 	Research and 
Product Development, Kasetsart University. 
 Grain amaranth food products were 
analysed
for 	food composition, and acceptability 
tests were also carried out by 15
 
test panels.
 

Grain amaranth crop residues after 
removing of seed 
heads were analysed for animal feed value. 
 A pig feeding trial 
was 	carried out with
15% 	and 30% 
replacement of conventional 
feed 	with amaranth crop residues.
Replacements of 10% and 20% 
of roughage were also tested in dairy cows,
while partial and total replacement of roughage were 
studied in beef
cattle. 
 Body 	weight gain and feed conversion ratio 
were 	evaluated in pig
and 	beef cattle feeding trials. 
 Milk 	nroduction and compositions were

evaluated in dairy cows.
 

RESULTS
 

1. 	 Screening Trials
 

Early screening trials of 
15 gcain amaranths Mexican grain type
showed that the 
number of 
growth parameters were significantly varied.
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Grain yield varied from 775 kg/ha to 1,869 Kg/ha but tiere was, no sIg1 + 

ficant difference in grain yield among 12 accessions which yieldc' ,icre 
than 1,275 kg/ha. Therefore, other growth characters, especially lodging
 
resistance and seed color, were taken into consideration in the 5;election
 
of accession No. 1, 434, 1010, 1011 and 1015 to represent this group in 
future trials. Five grain amaranth accessions of Nepal grain types, IC 
42254-14, 42255-5, 42290-17, 42293-15 and SP 130 which yielded 1,312
 
kg/ha to 1,575 kg/ha were also selected trom the original 15 accessions.
 

Yield trials of four and five accessions of Aztec and Mercado
 
grain types were also carried out in 1984 However, Aztec and Nepal
 
plants produced the maxinum grain yields of 144 and 850 kg/ha. Results 
from these trials indicate that the Aztec and Mercado plants in TISTR's 
collection have relatively low potential for grain production under local
 
conditions.
 

2. Plant Date Trials
 

Studies on planting date trials of grain amaranths were carried 
out in 1984 and 1985. Grain amaranths were planted in the early and late 
rainy periods of the year in accordance with plantings of field crops in 
study areas. Results of tnis trial confirmed previous reports that grain 
amaraths are short-day plants. The plants had longer vegetative growth 
and took longer time to mature in early planting. Larger plants and 
higher grain yield were al!-o recorded for early planting.
 

3. Spacing Trials
 

Evaluation on irwth and grain production of three accessions of
 
grain amaranth M,~xican ( 1041, Mercado (102 3) and Nepal grain type (IC 
42290-17) in responses 
to 5, 15, 25 and 35 cm. plant spacings was carried
 
out at Chan Thuk Research station in May 1984. Results of the study 
indicated that the maximum amaranth grain yield was produced under the 
closest spacing of 5 cm. and tended to decrease with increased plant 
spacing. Lodging was obviously a serious problem affecting Nepal and
 
14ercado plants. 
 The degree of lodging tended to increase with increased
 
plant sl icing, with the maximum values of 47.5% and 57.5% 
 lodging 
recordeu in Nepal and Mercado plots, respectively. 

The second experiment was later planned and carried out in May 
and August 1986. Responses of the Mexican plant No. 1011 to four treat
ments of 1, 2, 1 and 4 plants/hill with plant spacings of 5, 10, 15 and 
20 cm., respectively, were recorded and a broadcast treatment was con
ducted. All 5 treatments had equal plant populations of 166,667 plants/ 
ha. Results of the study indicated that growth and grain yield of the 
Mexican plants were r.'lativeiy unaffected by different distributions of 
plants within plots. Alt-hough plant competition tended to increase with
 
an increasing number of plants/hill, wider plant spacing seemed to alle
viate this problem. Hilling could not be carried out in broadcase plots
 
and was likely responsible for low grain yield.
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4. Fertilizer Trials
 

Responses of Mercado (1023), Mexican (1011) and Nenal (IC 17947)

to four rates of 15-15-15 (NPK) fertilizer were carried out in farmer's
plots, Muak Lek District and Thai-German Demonstration and Training Cen
ter in June and July 19U5. (;rowth and grain production of grain amaranths
 
were responsive 
to an increise in fertilizer. However, 
the Mexican plant

showed a higher magnitude of responses indicating that Mexican plants
would be better adapted to fertile conditions than Mercado and Nepal
plants. And it wa. concluded that the rate of 312.5 kg/ha is adequate
sustain growtrn and 

to 
'jrain production of grain amaranths within study areas. 

5. Effects of Different Methods of Weed Control
 

Studies on the responses of grain am.aranth Mexican plants No.
101 were carried out at the Thai-German Demonstration and Training Cen
ter in May and August 1986. Results of the trial indicated that grain
amaranth growth and grain production were relatively tolerant to weedproblems. Hilling alone proved 
to be sufficient in sustaini ng grain ama
ranth productivity, with 7% reduction in grain yield compared to six fold
increase from 210 kg/ha of weed in plots with conventional practices. 

6. Food Processing Trials
 

( ,mposite flour with 10-25% amaranth flour made from Mexican,

Mercado and Nepal grains was baked into cakes, cookies, breads, localsweets and a snack called Khao Kriap. Results of proximate analysis 
reve e ,d tt d, t ion of grain amaranth flours did not significantly
improve protein content in these food products, except in Khao Kriapwhich i nursal]y ;adp from tapioca flour. Acceptability tests showed 
that food products with Mexican grain flour were the most acceptable.
 

7. Animal Feeding Trials 

Subs itur Lons of conventional feed and roughage with grain amaranth crop residues were evaluated over a period of 36 days in 
 pigs and 
60 days in k , cattle and dairy cattle. 

Resuits of tne pig feeding trials showed that up to 30% of
ground amaranth crop residues can fed
be and utilized by growing pigs.

Up to 50% of amaranth straw replacement could be as good as grass forage
for beef cattle. Dairy production 
was not affected by 20% replacement of
roughage with amaraoth straw especially protein content 
in milk. However,
 
fat content. in milk tended to 
increase when fed by amaranth straw.
 

CONCLUS I ON 

Results of the trials carried out since 1983 
provide understanding on

the growth, 
development and productivity of grain amaranth under local

conditions. The Mexican grain 
type was evidently well adapted to NE
 
Thailand conditions. But poor distribution of rain, a common feature in 
the study areas could severely damage the plants in the early growth
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period. Areas with high soil water retention will be necessary for suc
cessful amaranth grain production. Also, grain amaranth varieties with
 
short growing periods have to be developed for NE Thailand to avoid
 
drought problems which usually occur durinq planting season.
 

Substitution of conventional 
flours with grain amaranth flour seemed
 
to have limited application. And the 20% to 25% replacement was far from
 
the 50% needed for balancing the amino acid content. Pastries in Thai
land are considered food commodities for middle or higher class families
 
which have little protein deficiency problems. Thus, future work should
 
mainly concentrate in 
developing processing procedures for supplementary
 
baby foods accepted by people in rural areas.
 

Positive responses in animal feeding trials of grain amaranth crop
 
residues have revealed potential uses of grain amaranth crops for animal
 
feed. However, the use of whole amaranth plants which have much higher
 
nutritional values will likely have 
more impact in this application.
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ABSTRACT
 

The biomomics of Anopheles maculatus complex and its role in malaria
 
transmission were studied in the Sadao and Pakchong areas from January
 
1984 to July 1985. Morphological characteristics and polytene chromo
somes were indentified simultaneously, with only 2.1% of individuals mis
identified using the morphological key.
 

In Pakchong, An. muculatus species A was the most dominant species,
 
followed by species B (form F), but species C was rare. The densities of
 
species A and species B (form F) were high between July and November,
 
with peaks in October. The female mosquitoes preferred to feed on cattle
 
rather than on man, exhibiting a zoophilic habit. Biting activities of
 

both species ozcurred throughout the night, with a major peak during the
 
first quarter of the night on all seasons.
 

In Sadao, only An. maculatus species B (from E) was detected through
out the study period, with peak densities between February and June.
 
Similar to An. maculatus secies A and B (form F), the female mosquitoes 
species B (form E) preferred to feed on cattle rather than on man. Re
search on the contact between mosquitoes and man outdoors and indoors 
indicated that the mosquitoes in Sadao tended to associate with man more
 

than the momSquitoes in Pakchong. Biting activity of this species demon
strated dif.':rent biting peaks according to season.
 

Out of 4,430 guts of An. maculatus complex dissected, 10 (0.23%) were
 
found infected with oocysts. No sporozoites were found in any of the
 

4,472 salivary glands dissected.
 

INTRODUCTION
 

Anopheles (Cellia maculatus Theobald occur3 throughout the Oriental
 

zoogeographic region. it is highly variable in both its morphology and
 
ability to transmit malaria (Reid, 1968), and may represent another com
plex of species having little or no morphological differentiation (Reid,
 
1970). Studies on its biological difference were done by several authors
 
(Christophers, 1931; Reid et al., 1966). Cytogenetic evidence for a com
plex of species within the taxon of this species was reported by Green et
 

al. (1985).
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In Thailand, An. 
maculatus 
is a wiaespread 
species, particularly
the upper certral, 	 in
northern and northe&stern p&rtq of 
the 	country, and 
is
found in fozested and 	 foothill areas. Evidently, it is one of the mainmalaria ve";tors in Malaysia, and 	 has been incriminated onlyWanto District 	 once in the' Narathiwas Province, in the southern part 	 of Thailand,on the 
boider with Malaysia. The breeding

similar to those 	

sites cf this species are veryof An. minimu: which is prevalent throughout the year(Ismail et al., 
1974, 1973 and 1;978).
 

There are 
no recent studies on 
the 	bionomics 
and 	vector potential of
the 	 An. maculatus 
complex ii Thailan,; prior to this investigation.Theretore, a series of careful investiga-ions
nomics, 	 into the life history, bioand 	 role in transmission of this mosquito might not 	 only be ameans to settle its 
status vis-a-vis malaria, 
but 	also might provide biological and/or environmental indicators which could be employed to signalchanges in receptivity levels. The 	 information obtained could also 	 beused 	for planning of effective control r-asures by the Thai Anti-Malaria
 
Prog ram.
 

The 
 specific ob3ectives 
 of 	 this investigation were 	 described as 
follows:
 

1. 	 to determine the 	 role of Anopheles maculatus in malaria 
transmission,
 

2. to investigate the Dionomics of An. maculatus complex.
 

MATEPIALS AND METHODS
 

1. 	 Selection of Study Sites
 

Two villages, in 
 the 
Sadao and Pakchong districts, each with
130-212 houses 
and 	590 to 600 
inhabitants, were 
selected for
Sadao 	 this study.is located in village no. 9 (Ban Yang Ko), Prik Canton, Sadaotrict, 	 Dis-Songkhla Province, southern Thailand. 
The 	houses 
are 	scattered 
in
the 	form of small hamJets, and the 	 area is covered with rubber plantations. Rubb.: tapping is the main occupation of the local people,litating 
in 	

facimalrLa transmission 
 the 	area. Residual spraying with
with 	 a dosage 2 DDTof 2 	 gm/m was started in 1965, and this control measure 
is still being continued.
 

The 	 Pakchong study area 	 is located in village no. 5 (Ban Moh MaiKaen), Mo Si Canton, 
Pakchong District, Nakorn 
Ratchasima 
Province,
the 	upper middle part in
of Thailand. 
 The 	area is mountainous and is
covered by forest. 
 The main occupation of villagers 
is maize tarming and
forest reservation park laborers. 
 This area 
has 	a long history of mala-
L -	since the beginning of 
the 	malaria eradication program. 
 DDT 	residual

indoor spraying has 
been 	used since 1960.
 

2. 	 Entomological Techniques
 

Monthly entomological observatiois 
were 	conducted regularly
collect mosquitoes between 	 to
 
January 1984 
and 	June 1985. Collections 
of
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mosquitoes were carried out on both human and animal bait, from 1800
 
hours until 0600 hours with a ten-minute rest each hour. Two humans in
doors, two humans outdoors and one bovine were assigned to collect the 
mosquitoes on six consecutive nights each month studied.
 

The captured mosquitoes were first sorted into maculatus and
 
other anophelines, and then ke2pt in mosquit-o cups marked with the identi
fication site and hour of collection, and held in coolers at ambient tem
peratures. All maculatus were biood fed until satiated at 24.00 and
 
06.00 hours per day to become half gravid by the following day. The col
lectors were supplied with appropriate prophylaxins against Plasmodium 

spp.
 

3. Identification and Dissection
 

The gravid rptaulatus were knocked out individually with ether,
 
and then were iaentified using the morphological key provided by Mrs.
 
Rampa RatLanarithikul (personal communication). The ovaries were dis
sected out and fixed in Carnoy's fixative for later ploytene chromosome
 
identification. The guts and salivary glands were then examined for 
oocyst', and sporozoites.
 

All other anophelines caught were processed in the following 
morning to b, identified morphologically, and were dissected to examine 
the tracheoles of' the ovaries (Detinova, 1962). In the parous specimens, 
the guts and glands were removed to examine for oocysts and sporozoites.
 

When the salivary glands were found to be positive, the slide 
was placed in an incubator at 30 0 C for I hour, and subsequently was re
examined using a specific IFA test to score the Plasmodium species.
 

4. Meteorological Records
 

TempeLature and relative humidity were continuously recorded by 
a standard automatic thermnohygrograph placed in a screen. Daily precipi
tation and hourly wind velocity were recorded during the highly bit 

collect ion". 

RESULTS
 

1. Identification of the Genetic Species Within Anopheles maculatus
 

Morphological identification revealed 3 species of An. maculatus
 
(Species, A, B (form F) and C) in the Pakchong area, and one species in 
the Sadao area (species B form E, identified by polytene chromosome).
 
The results of testing the morphological key against the polytene chromo
somal identification (Green et al., 1985) showed that 2.11% of the indi
viduals were misidentified using the key.
 

2. Distribution
 

During the 18 month period of study (between January 1984 and
 
June 1985), the density of An. maculatus complex found in Pakchong was
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approximately 4.5 times greater than in Sadito with total numbers of 6090 
and 1344, respectively. The numbers of An. inaculatus species A, B (formF) and C in Pakchong were 4994 (82.0%), 1067 (17/5%), and 29 (0.5%), res
pectively. An. macuiatus species a was the most dominant species inPakchonq, While An. maculatu:s species C was 
rare. An. maculatus species
B (form F) was found in the Pakchong study area, while An. maculatus B 
(form E) was the only species found,1 in the Sadao study area. 

3. Seasonal Prevalence arid Ulimatic Influence
 

3.1 Sadao
 

For the 18-munth study period, monthly densities of female
mosquitoes varied from zero to 34 mosquitoes per night. The densities 
were high (exceeding ten females per night.) during March to June in both 
1984 and 1985. 

The monthly densities ol An. maculatus species B (Form E)showed a close relationsnip with monthly rainfall pattern. Mor:over,
heavy rains influenced by the northeastern monsoon washed aw.y the larvae
from their hatnitats ind reduced drastically thie number of arlult female
mosquitoes duringq September to December. The results also 
irdicated that

temperature! and humidity exhibited positive correlation with mosquito
densities. Rainfall and wind velocity were not significanc factors. 

3.2 Pakchonq.
 

Both An. maculatus species A and B (form F) were abundant
 
during the rainy months, from 
 May to October. The densities of both
 
species rose in June to September, re-ached their peaks 
 in October and 
decreased gradually until the next rainy season. Similarly the peak

density of An. maculatus C occurred during the rainly 
 season, even though
 
only a few mosquitoes were caught.
 

The cool season in Pakchong is from mid October to mid

February, and isalso considered the dry season. Duirin(. this Lime tho
density of adult mosquitoes was also low, which correnr.nd-. tn the low 
number of m ,juito 
 larvae due to the dryness of brc-dinq DlaceQ.
 

4. Host Preference
 

in Sadao, the number of An. maculatus species R (f-rm E) te'l. 
lectel from the animal bait was 2.7 ti.m-s greatcr than from the human

bait (54J : 200), whereas in Pakchong, -he numbors -f An. maculatuP 
species A, B iorm F) and C collected fr-rm th- animal b3it. wre 16A.2
(4877/29), 97.o (1025/10.5), and 29.0 (29/) tim-s qr-atcr thin from Ibh 
human bait, respectively. The 
results indicatl--r f hat An. macul atus
species B (form 9) associated with man more than An. maruatns specios A, 
B (form F) and C.
 

316
 

http:correnr.nd


5. Biting Cycle
 

5.1 Human Bait
 

The total number of An. maculatus species A caught in the
 
summer, wet, and cool seasons were 10, 99 and 8, respectively. The bit
ing peaks were at 1900 hours.
 

The total numbers of Ax. maculatus species F (form F) 
caught in the summeL, wet, and cool season : were 15, 17 and 5, respec
tively, and the biting peaks of both the summer and wet seasons were at 
1900 hours. Only a few mosquitoes were caught during the cool season.
 

The total numbers of An. maculatus species B (form E)
 
caught in the summer, wet and cool seasons were 523, 250, and 28, respec
tively, and the biting peaks of the mosquitoes in summer and wet seasons
 
were similar, i.e. between 2000-2200 hours, and then decreased gradually
 
until the morning. In the cool season, however, smaller numbers of
 

mosquitoes were caught and most of them were caught between 2000-0200
 
hours.
 

5.2 Animal bait
 

The total numbers of An. maculatus species A caught in sum
mer, wet and cool seasons were 337, 4165 and 375, respectively, and its
 
biting peaks were similar for all three seasons, with major peaks during
 

the first quarter of the night. The mosquitoes tended to bite throughout
 
the night until 06UU hours.
 

The total numbers of An. maculatus species B (form F)
 
caught in the summer, wet and cool seasons were 275, 671, and 81, respec-

Lively, and their biting pattern was similar to that of An. maculatus
 
species A, except in the cool season, when its biting pattern fluctuated
 
more than that of An. maculatus species a. This might be due to the
 
smaller number of An. maculatus species B (form F) caught.
 

The total numbers of An. maculatus species B (form E)
 
caught in the summer, wet and cool seasons were 415, 113 and 15, respec
tively. Its biting patterns for all three seasons were different. In
 
the summer, the biting peak was sharp, between 2000-2200 hours, while in
 
the wet season, the biting peak was at 2300 hours and its distribution
 
was observed throughout the night. In the cool season, however, more
 
biting was observed in the early morning.
 

6. Parasitology
 

In Sadao, out of 1,002 guts dissected, only a 0.6 oocyst rate
 
(6%) was recorded, and out of 1,024 glands examined, there was no posi
tive sporozoite rate detected.
 

In Pakchong, out of 3,428 guts dissected, only a 0.1 oocyst rate
 

(4%) was recorded, and out of 3,448 glands examined, there was no posi
tive sporozoite rate detected.
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ABSTRACT
 

Anopheles dirus, one of the major vectors of human malaria parasites 
in Thailand and Southeast Asia is a species complex of at least four dis
tinct species identifiable by chromosome analysis of larva which is com
plicated, slow and impractical for epidemiological studies. This study
 
develops DNA probes from species-specific DNA sequence3 for identifica
tion of the four isomorphic species. Species-specific DNA sequences of 
each of the four isomorphic species were constructed by either a "Direct 
cloning' or "Deletion enrichment" technique. Species D specific sequences 
were obtained by cloning Sau 3AI genomic DNA fragments into E. coli using 

pUCI2 vector. From 7,000 recombinant clones 21 clones were species D 
specific. Three clones (pMU-D9, pMU-DI0, pMU-D76) were selected based on 
their strong hybridization to the mosquito DNA. They could detect 5 ng 
of DNA, which represents one-hundredth of a single mosquito. pMU-D9,pMU-
DI0 and pMU-D76 contained DNA insert of 115, 289 and 124 nucleotides res
pectively and the DNA insert repeated approximately 18,000, 3,800 and 
18,000 times per genome respectively. When used as a DNA probe, pMU-D76 
could correctly identify individual mosquitoes including larvae, adult 

males and females. 

INTRODUCTI ON
 

Anopheles dirus, a major vector of malaria parasites in Thailand and 
Southeast .*.ia belongs to a species complex. There are four informally 
designated species in the complex, species A, B, C and D, which have vir
tually isomorphic adult females. Identification of wild-caught females 
depends on rearing families from them and examination of larval chromo

somes. This method is complicated, slow and impractical for epidemiolo
gical studies. As a consequence, the facts of whether the four isomor

phic species are equally good vectors of malaria or some are relatively 
harmless are not clearly understood. 

Other methods of species conplex identification include analysis of
 
ovarian polytene chromosome , enzyme electromorphs, and cuticular hydro
carbon analysis. However, none of the methods has succeeded in identi
fication of An. dirus isomorphic species.
 

Recombinant DNA technology has been applied to obtain species-specific
 
DNA fragments which could be used as DNA probes for identification of
 

319
 



insect vectors of onchocerciasis, strains and 
species of some human parasites and pathogens. Reported here 
is an attempt 
to apply recombinant
DNA technology to 
search for species-specific 
DNA sequences and to
them as DNA probes for a practical means 
use 

of identification of members ofthe An. dirus .vmplex.
 

CONSTRUCTION OF SPECIES-SPECIFIC DNA SEQUENCES
 

An iso-female line of 
each species (species A, B, C ora source of DNA. Females were used; males being 
D) was used as 

excluded so as to avoidany Y-chromosome 
 DNA which is male-limited. 
 DNA was fragmented to
pletion with Sau3Al and comliga.ed to pUC12 
at the BamHl site. Recombinant
E. celi clones were produced and screened by colony hybridization.7,000 recombinant clones of An. dirus 
From 

D, twenty-one clones snowed strongbinding to P-DNA of the species D but weak or negative hybridizationthak of species A, toIiand C. Plasmids 
were extracted 
from these clones
which were then digested with EcoRI and analyzed by agarosephoresis (Fig. gel electro1). The majority of the plasmids
ranging from 100-300 

had very small inserts
base pairs. Exceptions were 
clones 44, 47 
and 67
which contained about 
450, 750 and 1,800 
base pairs respectively. These
DNA fragments did not hybridize with the 3 2 p-labelled DNA from thespecies A, B and C. They hybridized with the 3 2P-labelled DNA from thespecies D wniich indicated that these DNA fragments were species D specific. Thes', DNA fragments were further tested
with if they would hybridizethe DNA from species D alone. The recombinant plasmids containingpotential species D specific DNA fragments were purified in a CsCI gradient, labeled with P and then used as DNA probes from all four specieswhich were, dot-spotted onto nitrocellulose. 

which The recombinant plasmidsvp':criize. sp'2cfically to the dot-spotted DNA of species D wereclones 7,-),10, 31,44,47,53,67,73 and 76 (See Fig. I). 
A typical result
shown is
: .:.- L wh,, J(cinon-at ra:s tne specific binding of clones 9, 10anJ 76 to species D. Triese plasmids could detect as little as 5 ngDNA which represents approximately of 
one hundredth of the total DNA extractable ftom ti :3inlge mosquito. 

SEQUENCE OF THE SPECIES D SPECIFIC FRAGMENTS
 

The 
speci D specific nucleotide sequences in pMU-D9, 
pMU-DI0 and
pMU-D76 were ic.entifid by the chain termination method and shown in Fig.3. The sequence in pMU-D9 was 115 base pairs long, that in pMU-D10 289and in pMU-D76 124. pMU-D9 had an almost identical sequence to the first115 bases in pMU-DI0. The nucleotide sequence in pMU-D76 was 
unique.
 

COPY NUMBER OF SPECIES D SPECIFIC DNA FRAGMENTS
 

The number of copies of 
 DNA fragments 
in clone 9 (pMU-D9),
1U(pMU-Dl0) and clone 76(pMU-D76) was estimated by 
clone 

comparing the intensity of hybridization of the insert DNA sequence to itself and tospecies totalD DNA as shown in Fig. 4. The DNA fragments in pMU-D9, pMU-DI0and pMU-D76 as deduced from DNA 
sequencing were 
115, 289 and 124 
respec.tively, assuming that genome size of An. dirus was 160,000 Kb . The copynumbers of insert 
DNA in pMU-D9,pMU-DI0 and pMU-D76 were 
e.Qtimated as 1.8
x 1l0 4 , 3.8 x 104 and 1.8 x 104 per genome respectively.
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GENOMIC ORGANIZATION OF THE SPECIES D SPECIFIC DNA FRAGMENTS
 

DNA of all four species was digested with restriction endonucleases, 
subjected to agarose gel electrophoresis, Southern transfer onto nitro
cellulose, and probed with 3 2 p-labelled pMU-D9, pMU-DlO or pMU-D76. As 
shown in Fig. 5, these DNA probes hybridized specifically to the species 
D DNA. All three probes gave the same pattern of a ladder with 400 base 
pair spacing when the genomnic DNA was digested with Hinfl. This suggests 
that the three probes adjacently sit on the genomic DNA. Furthermore, 
these three sequences should be on the satellite DNA as had been pre
viously demonstrat-ed in Drosophila genomes. 

IDENTIFICATION OF SPECIES D AMONG THE ISOMORPHIC SPECIES
 

pMU-D76 was used to probe homogenates from individual insects that 
had been spotted onto nitrocellulose paper. Such individuals include 
larvae, adult males, and adult females. Some of the latter were speci
mens kept at room temperature for over two months. A typical result is 
shown in F i.q b. in all cases, only specimens of species D showed a 
positivo hybridization to the probes. There was no need to make a speci
fic DNA extraiction from these individuals. As little as one hundredth of 
the icmo11lult- e.[r1m a si ngj e mosquito could be successfully detected. 
This liin ;onz.it ivit y sagglests that. the radioisotope label may be re
placed witt) ,, mor practical, non-isotope label such as biot in/enzyme
linked s;tri, ,I.ividin. 

Ot h(mIpcie:; of Anophelene mosquitoes including An. balabacencis, 
An. eucw.j]jhy'us, An. maclilatus A, An. maculatus B, An. takasagoensis did 
not hyurimi/e witt) the )-labelled pMU-D76 probe. It appears that the 
sequect-. is, niqghly secific to the An. dirus species D. 

In the future, wi Id-caught mosquitoes can be directly processed for 
epidemiological paraimeters such as sporozoite rates and age grading and 
the residual of t-he individual used for species identification by probes 
such a pM - D76. Abdomenf and sali vary glands from a single individual 
have been siccssfu Iy used for species identification using pMU-D76. A 
combinat ion f DNA probes for Plasmodium falcipdrum infection and for 
species i (P-i-ic.tion is being persued. 
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FIGURE LEGENDS
 

Figure 1: 	 Agarose gel electrophoretic i) and autoradiographic (ii)
 
patterns of 21 potential species-specific plasmids for species
 
D of the An. dirus complex. The EcoRl cut plasmids from (i)
 
were transferred onto nitrocellulose, probed with
 
32 p-labelled species D DNA and autoradiographed for five
 
days (ii). No hybridization was observed when transfers of
 
gels like (i) were probed with 3 2p-labelled species A, B or
 
C DNA. Lamda HindlII was used as a molecular-weight marker.
 

Figure 2: 	 Dot-blot analysis of the plasmids pMU-D9, pHU-DI0 and pMU-D76
 
that were specific to species D of the An. dirus complex. DNA
 
from all four species were denatured and spotted in duplicate
 
onto nitrocellulose paper (columns A, B, C and D) at the
 
indicated concentrations. These dot-blots were probed with
 
3 2p-labelled plasnid DNAs and autoradiographed for one day.
 
Only species, D showed the hybridization signal.
 

Figure 3: 	 The nucleotide sequences of pMU-D9, pMU-D1U and pMU-D76.
 

Figure4: 	 Comparison of autoradiographic signals between
 
self-hybridization of species-specific DNA fragments and the
 
hybridization of the DNA fragments to the total genomic DNA of
 
An. dirus D. Varying amounts of genomic DNA from An. dirus D
 
and of DNA 	inserts from pMU-D9, pMU-DIO and pMU-D76 were
 
dot-spotted onto nitrocellulose which was subjected to
 
hybridization with 3 2 p-labelled DNA inserts (specific
 
activity 3 	x 10 cpm/ug).
 

Figure 5: 	 Southern hybridization pattern of the genomic DNA of species
 
of the An. dirus complex cut with Flinfl. The mosquito DNA was
 
restricted, elpctrophoresed, transferred onto nitrocellulose
 
and probed 	with 3 2 p-iabelled pMU-D9, pMU-DIO and pMU-D76.
 
The plasmid hybridized only to species D DNA. Lamda DNA was
 
used as the molecular-weight marker.
 

Figure 6: 	 single individual mosquitoes, of known identity, from the four
 
species of the An. dirus complex, probed with pMU-D76.
 
Individuals were homogenized, treated with pronase; the
 
supernatant directly spotted onto nitrocellulose and probed
 
with 3 2 P-labelled pMU-D76. In all cases pMU-D76 bound only
 
to species 	D individuals. The number 5, 8, 12, 16, 18, 19, 22,
 
34, 39 represents single individuals identified by metaphase
 
chromosome 	analysis (Baimai et al 1984) as species A; 14 and
 
36 as species B; 6, 9, 10, II, 13, 17, 21, 26, 27, 29, 31,
 
32, 35, 40 as species C; 1, 2, 3, 4, 15, 24, 25, 28, 33, 38
 
as species D and 7, 20, 23, 30, 37 as unidentified samples.
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pMU-D9 SEQUENCE 115bp ; 
25A ; 31C ; 31G ; 28T
 

10 
 20 
 30
5' GATCCAATGG 
 AGGGCACAAA 
 AGTTATTAAC
 
3' CTAGGTTACC 
 TCCCGTGTTT 
 TCAATAATT0
 

40 
 50 
 60

TTTTCCOATT 
 TCGOGTGCGC 
 OCAOTGACOC
 
AAAAGGCTAA 
 AGCCCACGCG 
 CGTCACTGCG
 

70 
 80 
 90
GCGCGGCGAG 
 TGCGACGGAA 
 ACTTGCTCCU
 
CGCOCCGCTC 
 ACGCTGCCTT 
 TOAACOAGOC
 

100 
 110 
 115
TGCACAACTT 
 TTCCGTTTCT 
 CAACC 3'

ACGTOTTGAA 
 AAGCAAAGA 
 OTTGG 5'
 

pNUD-10 SEQUENCE : 289 bp ; 70A 
 ; 76C ; 590 ; 70T 

10 
 20 
 30 
 40
5' GATCCAATGG 
 AGGGCACAAA 
 AOTTATTAAC 
 TTTTCCGATT

3' CTAGGTTACC 
 TCCCGAGTTT 
 TCA.ATAATTG 
 AAAAGGCTAA
 

50 60 70 

TCGGGTGCGC GCAGTQACGC GCGCGGCGAG 

go
 
TGCQACGGAA
AOCCCACGCG CGTCAQTGCO CGCGCCGCTC 
 ACGQTOCCTT


90 
 100 
 110 
 120

ACTTGCTCCG 
 TGCACAACTT 
 TTCCGTTTCT 
 CAACC ATCC
TGAACGAGGC 
 ACGTGTTGAA 
 AAGGCAAAGA 
 GTTGGCTAGG
 

130 
 140 
 150 
 160

TGCCCAATT 
 TGCACCATAT 
 GCACATCTCT 
 TCOGOTGCTA
ACGOOTTTAA 
 ACGTGGTATA 
 CGTOTAGAGA 
 AOCCCACOAT
 

170 
 180 
 190 
 200
CA.ATATTCGC 
 TCTTCACCCG 
 ATCOOAAATC 
 G4AAA.'AATA

GTTATAAGCG 
 AGAAGTGGGC 
 TAGCCTTTAG 
 CCTTTTTTAT
 

2A0 
 220 
 230 
 240

TTTTTTCCAA 
 CTTTTGGTAC 
 GTAAGGGGTA 
 CCCCTTTGGT

AAAAAAOGTT 
 GAAAACCATO 
 CATTCCCCAT 
 GOGGAAACCA
 

250 
 260 
 270 
 280
OTCGCCGAGC 
 AGATTCOAAA 
 ATCTTOAATA 
 ACTTTCTCAT
 
CAGCGGCTCG 
 TCTAAGCTTT 
 TAGAACTTAT 
 TGAAAGAGTA
 

289 
TTTCCAACC 3'
 
AAAGGTTGG 5'
 

pHU-D76 SEQUENCE 124 
bp ; 32A ; 33C ; 340 ; 25T
 

10 
 20 
 30
5' GATCTGCACT 
 CGGCTGAAT 
 TTGGTTACCA

3' CTAGACGTGA 
 GCCGCACTTA 
 AACCAATGGT
 

40 
 50 
 60
 
TCGAATGTGC 
 GGAAAAAGTT 
 TTACCCCGTO

AOCTTACACG 
 CCTTTTTCAA 
 AATGGOGCAC
 

70 
 80 go

CGCAGTGCGG 
 AACACOCCAG 
 ACTTOTTACA
 
OCGTCACGCC 
 TTUTGCGGTC 
 TGAACAATGT
 

100 
 110 
 120
 
CACGGAAACA 
 GACCACGAAC 
 OTOTTACCOC
 
GTGCCTTTGT 
 CI'GGTOCTTO 
 CACAATOCOC
 
124
 

CACO 3'
 
GTGC 6'
 

Figure 3
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and Africa while A. filiculoides is indigenous to temperate regions. 
 The

cultivation 
 of Azolla is a continuous 
 process, however, requiring

uninterrupied 
attention throughout 
the year. This is because at present

only vegetative material can be as
used innoculants. The use of
 
sporocarps as planting materials has not been reported. Detailed studies
of sporocarps of Azolla were reported by several investigators (Lucas and
 
Duckett, 1980; C-[vert et al, 
1983; Campbell, 1983; Zhiyan, 1983; Konar

and Kapoor, 1974, 
Foirler, 1975; Fowler and Stennett-Willson, 1978). it
 
has been indicated that propagation of Azolla 
through sporocarps is
 
possible (Konar and Kapoor, 
1974; Peters personal communication). To the
 
best of our knowledge, there 
have been no definitive reports concerning
 
the use of Azolla spores 
as innoculants.
 

Soil fertility and structure can be improved when Azolla is

cont-inuously cuitivated. Paddy fields in which Azolla have been
 
cultivated required less energy 
for tillage and no nitrogen fertilizer

wlhen rice is planted. Unfortunately, the ofuse Azolla is still limited 
due to a number of major constraints. Among these problems, the greatest
 
may De the lack of cultivation and propagation technology to maintain 
Azolla th-oughout the season. 

The proposed 
research was to investigate 
the methods of propagation

and maint.nance of Azolla. The investigation comprises two major
studies, v.-,etative propagation and spore propagation. 

MATERIALS AND METHODS
 

Vcc ati(>: Propagation 

Nine Azolla accessions which ranked highly under greenhouse
conditions were u.'Jed for field studies (Table 1).
 

Glasshouse Study
 

Azoll- species were cultured in a N-depleted nutrient solution

in 8.5 cm liameter 
 pots for a pH study and 12 cm diameter for

insecticides and phosphorus concentrations studies. For the pH study, 6
levels of pH (4.5, 5.0, 
 5.5, 6.0, 6.5 and 7.0) were used. In the
 
insecticides studies, 4 concentrations of carbofuran; 0.375, 0.75, 1.5

and 3.0 kg/ha, and 3 concentrations of monocrotophos; 432, 
864 and 1296
 
ppm, were used. [.or the phosphorus study, 8 concentrations; 0.05, 0.10,
0.37, 0.75, 1.50, 
 3.0, 5.0 and 15.0, were used. Treatments of all
 
studies were arranged in 
randomized complete blocks with 3 replications.
 

Field Study
 

Experiment: were condL..ted 
in three locations: Pat.umthani Rice
 
Research Center (Central), Prae Rice Research Center (North) 
and Khon
 
Kaen Rice Experimental Station (Northeast). Two sets of 
experiments,

strains selection 
 and seasonal maintenance, were conducted at each
 
location. For 
the strains selection experiment, Azolla accessions were
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Agriculture, Bangkok 10900
 

ABSTRACT
 

The aim of this study is to determine the methods for culturing 
Azolla throughout the season. Two methods are proposed; vegetative
 
propagation and spore propagation. Vegetative propagation of suitable 
Azolla species for use at different locations is undertaken and a study 
of the factors governing the growth of Azolla; namely pH, phosphorus 
concentration, .nsecticide, toxicity and light intensities, is m~de. 
Studies are conducted in both giasshouse and field conditions. It is 
found that A. caroliniana, A. microphylla, A. pinnata C24,and several 
strains of A. pinnata are most suitable. The optimum pH for Azolla is 
between 4.5 to 6. The concentration of phosphorus could be from 0.37 up
 
to 15 ppm. Two insecticides, carbofuran and monocrotophos, are
 
recommended for controlling insects attacking Azolla and it has bcen 
found that the two insecticides are not harmful to Azolla, even used at a 
higher concentration than the recommended race. Light intensities affect 
Azolla growth. Most Azolla could grow well under high light intensities 
of [00 % and 75 % of full sunlight in the low temperature months (rainy 
and cooL .ieasons ) and under 75 % in the hot season. Under 75 % light 
intensity appear's to be most. favorable for Azolla g[zowth. 

Propagat ion of Azolla through sporocarps was possible for some 
specie.s. A. microphylla sporophytes were successfully propagated from 
sporocarps. A high percentage of spore germination was obtained from 
composting Azolla for two months while keeping the resulting spores moist.
 

INTRODUCTION
 

Azolla is a het?rosporous aquatic fern which is widely distributed in 
tropical and temperate fresh water. It has a symbiotic relationship with
 
a cyanobacterium, Anabaenaazollae (Moore, 1959). The Azolla-A..nabaena
 
symbioses have been widely used as biofertilizer for lowland rice
 
production because the N-fixing cyanophyte can provide high total N to
 
Azolla (Peters et al, 1981). It has been used traditiondlly in Vietnam
 
and the Peoples' Republic of China as a fodder and as a source of
 
nitrogen fertilizer for rice (Dao and Tran, 1979; Liu, 1979).
 

The genus is classified into seven species, namely A. caroliniana, A. 
filiculoides, A. mexicana, A. microphylla, A. ruba, A. nilotica and A. 
pinnata (Lumpkin and Plucknett, 1982). Two of the seven known species of 
Azolla, A. pinnata and A. filiculoides, have been used in cultivated 
systems. A. pinnata is indigenous to tropical South and Southeast Asia 

331
 



cultured in 3x5 m clay plots. To each plot, 6 g of and 4 g of
 P205 

K20 were applied before culturing. Azolla was inoculated into each
 
plot at the rate of 300 kg of fresh weight per hectare. Water depth of
 
10-15 cm was maintained in each plot until harvesting. Azolla were
 
harvested within Im area at 21 
days after inoculation for determination
 
of biomass and doubling time. Doubling time was calculated by the
 
Mitchell's formula (1974).
 

The maintenance study was conducted under 
4 light intensities,
 
100 %, 715 %, 50 %, and 25 % of full sunlight. Under each light
 
intensity, three Azolla species which were selected for each location
 
were cultured in two pot types (cement and clay construction). Two water
 
regimes of 10 cm depth and saturataLtion were used. A factorial
 
arrangement in randomized olock designed was performed 
 with three
 
replications. The study 
was repeated every month until the completion of
 
the season.
 

Spore Propagation
 

Design of Experiment
 

A factional arrangement was made in a randomized block within a
 
split l design four replications. The main plots tested methods
Lot with 

of coil ting sporocarps. The sub plots were 3x4 factorial arrangements
 
of typ. ot media and concentrations of agar, respectively.
 

Methods of Collecting Spores
 

Azollai microphylla sporocarps were used. The three methods for
 
collectinq sporocarps were as follows; (a) "fresh spores" 
- sporocarps 
collected from fresh Azolla sporophytes, (b) 'dry spores* - sporocarps 
collected fron air dried Azolla sporophytes, (c) Ocomposed spores" 
sporocarps colLected from fermented Azolla sporophytes. The procedure
 
for separating sporocarps from sporophyte materials of 
the three methods 
was the same. Azolia materials were put into 2000 ml flasks and were 
shaken at 90 rpm for 2 hours. Azolla materials in the flask were put 
through a 2et of sieves containing sieving pans having pore sizes of 
2830, 1001,; 71.0, 500, 315 and 250 microns, respectively. Most Azolla 
sporocarps were retained )n pans having pore sizes of 710 and 300 microns
 
and they were further separated under a stereo microscope. The
 
sporocarps were kept in a :efrigerator until used.
 

Med i a
 

Three types of media were used: water; modified IRRI (Peter et
 
al, 1980); and mnocified IRRI + 0.5 M NH4Cl 5 ml/l. In addition to the 
liquid media, three concentrations (0.2, 0.5, and 1.0 %) of agar medium 
were prepared. 

Culturing Method
 

Media were contained in 9.5 cm diameter glass petri plates.
 
Fifty megasporocarps with massulae were placed in each 
plate. Plates
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containing sporocarps were maintained at room temperature (250 C-300 C)
 
under a light intensity of 40 uE/m 2/s with a 12 hr-12hr light-dark 
regime. Our previous study indicated that sporocarps of Azolla could not
 
germinate tder dark conditions, and that four uE/m7/s induced an
 
app:eciable percentage of germination. Germination of megasporocarps
 
(gameto'hyte developement) was examined after 10 days of culturing. The
 
determination of germination was based the opening of floats of a
on 

megaspore. Fertilization rates, as determined by sporophyte production
 
from megasporocarp germination, were examined 15-20 days after culturing.
 

RESULTS AND DISCUSSION
 

Vegetative Propagation
 

Greenhouse Study
 

Effect of pH-on Azolla: Six Azolia accessions were used in
 
this study and it was found that acidic condition was favored Azolla
 
growth. The optimum pH range for Azolla was from 4.5 to 6 (Table 2).
 

Effect of insecticides on Azolla: Results showing in Table 3
 
and 4 indicated that high concentrations of carbofuran and monocrotophos
 
were not harmful to Azolla. Azol.a could withstand high concentrations
 
of insecti,-:ides up to four times the recommended rate.
 

Effect of phosphorous on Azolla:The phosphorous requirement
 
of Azolla is normally about 1.5 ppkn. It was found in this study (Table
 
5) 'har Azolla could grow satisfactory in phosphorus concentrations
 
betwe ,n 0.37 to 15 ppm. This idicated that the application of
 
phosot r-ir. , ii ta 'ould be flexible. 

Field Study
 

Prathumthani: The first experiment was conducted in April
 
and the second in May 1986. Performance of Azolla accessions was similar
 
(Table 6). It was interesting that the exotic Azolla species, A.
 
caroliniana and A. microphyll& could adapt to tropical environments
 
comparable to our indiginous species A. pinnata.
 

Khon Kaen: Two experiments were also conducted in April arid 
May 1986. Both A. caroliniana and A. microphylla ranked higher in dry 
matter yield than the A. pinnata strains but the difference was not
 
statistically significant. This might be due to high variations among
 
treatments which were indicated by the high :oefficient of variatiol,.
 
Significantly higher dry weight was obtained from A. caroliniana and A.
 
pinnata KKNI when the second experiment was conducted in May (Table 7).
 

Prae: In April experimental performance of A. microphylla
 
was comparable to that of the A. pinnata stains and A. cazoliniana had
 
the lowest dry weight. The second experiment showed no significant
 
differences between the dry weights of all Azolla accessiona 
(Table 8).
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Data from six experiments in three different locations
 
showed 
that the two exotic species, A. caroliniana and A. microphylla,

adapted to tropical conditions in Thailand. It was also observed that 
these two species were relatively less infected by fungal disease and 
insects as compared to the A. pinnata. This finding agreed with Lumpkin 
and Bartholomew (19b) who reported that A. microphylla was resistant. to 
fungal attack and heat stress. Watanabe and Berja (1983) observed that 
A. caroliniana required lower temperature than A. pinnata. Poor growth 
was also obs,rved in phosphorus limited conditions in the greeenhouse 
where temperature 
 exceeded 350C (Subudhi and Watanabe, 1981). Our
 
field study in the hottest month 
of April showed that A. caroliniana
 
performed equally to A. pi-nata. 

Searonal maintenance of Azolla: Results of this study are 
summar i zed ill Tdbles 9 and 10. Table 9 shows the effect of light
 
tintensit ies on Azol..a growth. 
 The data obtained from nirne months (July 
to March) indicated that low light intensities between 25 % to 50 % of 
full sunlight were not suitable for culturing Azolla. Azolla could be 
cultured tnder light Intensities of 100% and 75% from July until March in 
the central plain wherea3 in the North and Northeast it could be cultured
 
onil Lomt ,Julyi to 
 iecember . The 75 % light intensities were in favor of
 
Azolla ',rowt h during Januiary and 
 March in the North and Northeast. 
Seasonria portorntne of A. caroliniana 301 was better than the others in
 
Pratumt riuni while A. microphylla 418 was better 
 than the others in Prae 
and Kill Iaen (Table 10) 

Spore Propagation
 

tfillat ion data for megaspores collected from fresh Azolla 
spil,oph ' tv; iln itfereiit media are shown in Table 11. Modified IRRI 
medLuIT) '41 t in: withjout different levels of agar provided germinations 
significantly higher than the same medium with nitrogen added. On 0.2 % 
water . 1Jair, gerinLnat ion was comparable to that on the modified IRRI 
medium. The mdXlmmn germination of 49.2 % was observed on 0.2 % IRRI 
agar In-d ti . 

F, tilizat-on followed the same patterns as germination, but was 
rather 
 1, ,. Thiuk-lower fertilization might be due to the delay in
 
antherozo ia de-, Iopment. 

Sporocarps collected from air dried Azolla sporophytes showed 
extremely poor germination (Table 12). The maximum germination was only 
8 %. The poor germination might reflect that dormancy of the sporocarps 
had not been broken. Konar and Kapoor '1974) reported that Azolla 
pinnata remained dormant [or 5 to 6 months before germination. 

oerininat ion arid fertilization of sporocarps coll ted from 
fermented Azolla sporophytes were excellent (Table mne13). highest 
germinat ion rate was 92.0 % whereas the lowest was 61.4 %. Udding 0.2 % 
agar in all media seemed to be satisfactory for good germination and 
fertilization. Fermentation of A. microphylla sporophyte for two months
 
seemed to be adequate for breaking dormancy of spores. 
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A comparison of the fertilization 
of 	fresh, dry, and composed

;,zol la spores on three media is 
 illustrated in Figure 1. A 
percentage of fertilization was obtained from composed 

high 
spores in all

media. Even though the 	 of
percentage germination was similar for all
 
media, water agar was favored for 
use 	because it remained relatively free

of contaminants. Fungal 
and algal growth were usually observed in the
 
IRRI medium, especially with added nitrogen, resulting in an interference 
with germination counting.
 

It 	 has been reported 
 by 	 Haup (1985) that minerals at low
 
concentrations, 
even as low as those leaching from a gldss petri dish,

could enhance spore germination of several fern species. In this study,

however, there were no significant differences between the water agar
medi wn and mineral medium (IRRI) in the germination of Azolla 
sp.ricarps. Thus, it can be recommended that waLt:! agar is adequate for
germination of Azolla sporocarps and also that sporocarps should be

fermented at least two months to obtain high fertilization. Sporophytes
from sporocarp germinat ion were successfully developed into mature
 
sporophytes and they maintained healthy growth.
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Table 1. Azolla Species and Strains Used in This Study.
 

Azolla Field site 
 Source
 
Pathumthani Prae Khon Kaen
 

A. caroliniana 301 + + + IRRI 
A. microphylla 418 
 + + + IRRI
 
A. pinnata C 24 + 4 + Central, Thailand 
A. pjnnata NE 14 + + + Northeast, Thailand 
A. pinnata BK 5 	 + IRRI
+ 	 + (Bangkok)

A innata NE 17/19 + 
 + + Northeast, Thailand
 

-. rinnata 	SPT + North, Thailand 
A. pinnata KKN I 	 -

-

+ Northeast, Thailand 
A. pinnata 701 + 	 -	 IRRI 

Table 2. 	 Effect of pH on Dry "ei.ght (g/pot) of Azolla Species
 

Azo]LIa 	 pH 
 Average
 
4.5 5.0 5.5 6.0 6.5 7.0 of azolla
 

A. caroliniana 301A 0.16 0.14 0.15 
 0.17 0.16 0.14 0.15b
 
A. microphJyla 418 0.18 0.16 0.19 0.16 0.13 0.14 0.16b
 
A. filiculoides 0.13 	 0.15
0.13 0.13 0.15 0.10 0.13
 
A_.pinnata NE 17/19 0.23 0.20 0.22 0.19 0.18 0.20a
0.19 

A. piDnmta NE 14 	 0.17 0.140.14 	 0.16 
 0.16 0.14 0.15b

A. pir-,,;oa BK 5 0.22 0.22 0.22 0.22 0.21 0.19 0.21a
 

Average or ph 0.17ab 0.17ab 0.18a 0.l6bc 0.16bc 0.15c
 

CV = 16.7 	% 

Table 3. 	 Efft.ct of Insecticide Carbofuran or Azolla Dry Weight
 
(g/pot)
 

Azolla 	 Concentrations (kg/ha) Average
 
0 0.375 0.75 1.50 3.0 
 of azolla
 

A. caroliniana 301A 0.54 0.05
0.49 	 0.49 0.55 0.52 e
 
A. filiculoides 
 0.73 0.73 0.85 0.86 0.73 0.78 c
 
A. microphylla 418 0.92 0.90
0.95 	 0.94 0.99 0.95 a
 
A. pinnata NE 17/19 0.71 0.80 0.90 0.81 0.86 0.82 bc 
A. pinnata NE 14 	 0.66 0.69
0.68 0.65 	 0.68 0.67 d
 
A. pinnata BK 
5 0.81 0.9i 0.87 0.86 0.82 0.85 b
 

Average of
 
Insecticide conc. 0.76
0.73 0.80 0.78 0.77
 

CV = 17.4 	% 
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Table 4. Effect of Insecticide Monocrotophos on Azolla Dry
 
Weight (g/pot)
 

Azolla 	 Concentrations (ppm) Average
 
0 432 864 1296 of azolla
 

A. caroliniana 301A 0.04 
 0.55 0.50 0.39 0.46 e
 
A. filiculoides 	 0.81 0.81 0.82 0.82 0.81 b
 
A. nicro'hvlla 418 1.01 1.11 0.96 0.96 1.0 a
 
A. pinnata NE 17/19 0.81 0.87 0.87 0.93 0.86 b
 
A. pinnata NE 14 0.63 0.60 0.59 0.48 0.57 d 
A. ji nnata BK 5 	 0.67 0.68 0.72 0.70 0.69 c
 

Average
 
of Insecticide 0.72 0.77 0.74 0.71
 

CV = 11.08 % 

Table 5 Effect of Phcsphorus Concentrations on Azolla Dry Weight
 

Atolla 0 0.05 0.10 0.37 0.75 1.5 3 
 5 15 Average
 

A.caroliniana 301A 0.18 p-r 0.16 p-r. 0.25 a-r 0,54 f-i 0.70 c-f 0.86 ab 0.89 a 0.81 a-d 0.85 a-c 0.58 

A. filiculoides 0.13 r O,1Z r 0.17 p-q 0.35 1-o 0.64 e-i 0.63 e-i 0.67 d-h 0.70 c-t 0.63 e-i 0.45 
A.microphylla 418 0.14 qr 0.1i qr 0.15 qr 0.40 i-a 0.52 g-k 0.65 d-i 0.65 d-i 0.60 e-i 0.70 c-f 0.44 

A.pinnata BK 5 0.14 qr 0.19 o-r 0.23 n-r 0.51 h-k 0.59 e-i 0.63 e-i 0.71 b-f 0.72 b-e 0.64 e-i 0.48 
A.pinnata HE 14 0.26 r-r 0.22 n-r 0.30 t-q 0.58 e-i 0.60 f-i 0.66 d-i 0.70 c-f 0.63 e-i 0.69 d-g 0.52 
A.pinnata HE 17/19 0.37 k-m 0.32 -p 0.40 j-s 0.62 e-i 0.49 i-I 0.61 e-i 0.51 h-k 0.68 d-h 0.52 g-k 0.50 

Average P 0.20 0.19 0.25 0.50 0.59 0.62 0.69 0.69 


CV = 17.55 % 
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Table 6. Performance of Azolla under Field Condition at
 
Pathumthani 
Rice Research Center.
 

Azolla species 


A. caroliniana 301 A 

A. microphylla 418 

A. pinnata 17/19 

A. pinnata BK 5 

A. pinnata C 24 

A. pinnata NE 14 

A. pj1nnata 701 


CV (%) 


April 
 May

Dry wt. Doubling Dry wt.. Doubling
 

2 Time 
 2 Time
 
(g/m) (days) (g/m) (days)
 

109.6 
 3.7 82.4 3.7
 
111.2 
 3.7 53.6 3.9
 
106.1 3.9 
 78.9 3.7
 
104.4 3.9 
 68.3 3.9
 
97.6 3.9 
 92.7 3.7
 

104.4 
 3.9 80.6 3.7
 
115.2 
 3.6 72.2 3.7
 

NS 
 -.S
 
8.14 
 20.21
 

Table 7. Performance of Azolla under Field Condition at
 
Khon Kaen Rice Experimental Station.
 

Azolla species 


A. caroliniana 301 
A 

A. microphvlla 418 

A. pinnata 17/19 

A. pinnata BK 5 

A. pinnata C 24 

A. pinn ta NE 14 

A. Rinnata, KKNI 


CV (%) 


April 
 May
 
Dry wt. Doubling Dry wt. 
 Doubling


2 Time 
 2 Time 
(g/m ) (days) (glm ) (days) 

1/
 

103.5 
 3.7 108.3 a 3.6
 
112.6 
 3.5 76.5 b 4.0
 
77.5 4.1 
 42.7 c 4.8
 
66.0 
 4.3 71.9 b 4.1
 
59.6 
 4.6 70.6 b 4.1
 
64.7 
 4.3 80.7 b 4.0
 
72.4 
 4.3 103.9 a 3.7
 

NS
 
33.9 
 20.8
 

1/ Means in a colum followed by the same letter are not
 
significantly different at the 5% level.
 

340
 



Table 8. 	 Performance of Azolla under Field Condition at
 
Prae Rice Research Center.
 

Azolla species _ April May 
Dry wt. Doubling Dry wt. Doubling 

2 Time 2 Time 
(g/m) (days) (g/m) (days) 

1/
 
A. caroliniana 301 
A 41.6 c 4.8 59.8 4.1
 
A. microphylla 418 74.0 ab 
 3.9 	 83.5 3.7
 
A. pinnata 17/19 69.6 ab 4.2 76.8 3.8
 
A. iinnata BK 5 	 84.5 a 3.8 
 82.5 3.7
 
A. pinnata C 24 	 62.0 ab 4.1 78.5 3.8
 
A. pjnnata NE 14 68.2 ab 4.2 
 82.2 3.7
 
A. pinnata SPT 	 56.5 bc 4.4 175.9 3.8
 

NS
 
CV (%) 	 17.9 17.1
 

1/ Means in a colum followed by the same letter are not
 
significantly different at the 5% level.
 

Table 9 	 Effects of Seasonal Liqht Intensities on Azolla
 
Growth (gr/m 2 ) at Different Locations.
 

Month Prathuithani Prae [hoo[aen 

100 75 50 25 100 75 50 25 100 75 50 25 

July 105,8a 95.1 b 55.1 b - 78.0 b 83.0a 27.5 c 7.1d 68.1a 63.2ab 43.2b 19.8c 
August 71.1 a 59.1 b 22.1 c 4.4 d ---------- -looded --------- 52.7 ab 64.3 a 42.1 b 22.2 c 
Septeaber 40.6 b 56,3 a 32.7 c 12.9 d 81.3 a 70,2 b 38.7 c 20.5 d 67.5 b 83.8 a 65.8 b 30,9 o 
October 41.9 b 44.1 a 21.4 c 6.8 d 59.3 a 54.4 a 23.9 b 15.1 c 45.6 b 49.0 a 36.2 c 43.4 b 
November 48.1 a 53.4 a 33.1 b 13.7 c 58.1 a 59.1 a 25.8 b 11.8 c 33.0 & 32.3 a 24.1 b 12.7 c 
December 51.0 a 46.2 b 31.7 c 11.6 d 37.2 a 23.5 b 8.0 c 6.0 c 37.1 a 33.5 b A.0 c 6.0 c 
January 32.7 a 34,1 a 1Z.7 b 7.4 c 34.2 b 40.2 a 24.7 c 5.7 d 34.2 b 40.2 a 24.8 c 5.6d 
February 68.4 a 55.4 b 34,3 c 9.2 d 37.2 b 47.9 a 17.3 c 7.9 d 37.2 b 47.8 a 17.3 c 7.8 d 
March 71.3 a 74.7 a 55.8 b 23.5 c 19.9 b 24.9 a 17.4 b 8.1 c 19.9 b 24.9a 17,4 b 8.1 c 
April 

may 

June 
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Table 10 Seasonal Performncwces of Azolla Species of 
Diffeerrnt ,cowations (g/m 2 ) 

Month PrathLu thani . . . . Prac.. Khon Kaen 
H418 C301 PNE 14 N418 P19 1 PBK 5 H418 C301 PKEN I 

July 84.2 b 103.i, 68 .6 c 45,3 b 47.5 b 54.7 a 48.5 b 59.0 a 38.3 c 
August 39.4 b 45,5 a 39,9 b ----- Flooded - 50.9 a 48.4 b 36.6 c
 
Septe)ie1 2'.0 b 41.0 a 33.9 b 38.5 a 44.0 b 45.5 b 53.8 a 57.9 a 55.5 a 
October 30.9 a 27.3 b '7,1 b 41.7 a 34.9 33.4 64.8 a 62.4 ab b 53.8 b
 
Novciber 35.3 b 46.6 a 29.4 c 46.6 a 
 40.3 a 29.4 b 34.2 a 28.8 b 13.5 c
 
Decelber 33.3 b 47,1 a 32.5 b Z2 4 a 15.7 b 
 15.4 b 43.1 a 25.8 b 13.2 o
 
January 18,9 b 31.9 a 18.9 b 46,3 a 17.4 b 14 8 b 
 23.5 a 25.0 a 9.6 b
 
February 46.9 b 51.9 a 29.C c 40.3 a b 13.6 c
24.2 16.8 a 14.3 b 5.8 c
 
March 54. 5 b 59.2 
a 55.2 b 24.9 a 13.0 b 14.8 b 11.9 a 14.0 a II,4 a 
April
 

May
 

June
 

Table 
11. Germination and Fertilization of Fresh Spores in
 
Different Media. 

Med ia 
 Germination Fertilization
 

Water + 0 agar 
 12.6 def 8.0 de
 
Water + 0.2 % agar 
 39.2 ab 20.0 c 
Water + 0.5 % agar 19.2 de 6.6 de
 
Water + 1.0 % agar 
 24.0 cd 9.4 de 
IRRI + 0 agar 40.0 ab 37.4 a
 
IRRI + 0.2 % agar 
 49.2 a 30.6 b
 
IRRI + 0.5 % agar 36.0 abc 
 24.6 bc
 
IRRI + 1.0 % agar 37.2 abc 10.6 c
 
IRRI + N + 0 agar 
 15.2 def 2.6 de

IRRI + N + 0.2 % agar 6.0 df 0 e
 
IRRI + N + 0.5 % agar 1.2 f 0.6 e 
IRRI + N + 1.0 % agar 5.2 ef 0.6 e
 

CV (%) 
 25.2 29.1
 

1/ Means in a column folloivd by the same letter are not 
significantly different at the 5 % level. 
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Table 12. Germination and Fertilization of Dry Spores in
 
Different Media.
 

Media 	 Germination Fertilization
 

Water + 0 agar 7.2 4.0 

Water + 0.2 % agar 7.2 6.6 
Water + 0.5 % agar 8.0 4.6 
Water + 1,0 % agar 7.2 3.2 
IRRI +.0 agar 6.0 5.2 
IRRI + 0.2 % agar 7.2 6.0 
rRRI + 0.5 % agar 5.2 4.6 

IRRI + 1.0 % agar 4.0 3.2 
IRRI + N + 0 agar 	 0.6 0
 
IRRI + N + 0.2 % agar 3.2 	 3.2 
IRRI + N + 0.5 % agar 2.6 	 2.6 
IRRI + N + 1.0 % agar 4.0 	 0.6 

CV (%) 	 77.5 88.0
 

Table 13. 	 Germination and Fertilization of Composted Spores
 
in Different Media.
 

Media 	 Germination Fertilization
 

1/
 

Water + 0 agar 78.0 bc 58.7 de 
Water + 0.2 % agar 87.4 a 83.3 a 
Water 1 0.5 % agar 84.6 ab 82.7 a 
Water + 1.0 % agar 77.4 c 72.7 c 
IRRI + 0 agar 75.4 c 74.7 bc 
IRRI + 0.2 % agar 84.6 ab 81.3 ab 
IRRI + 0.5 % agar 86.6 a 83.3 a 
IRRI + 1.0 % agar 90.0 a 86.7 a 
IRRI + N + 0 agar 78.0 bc 71.3 c 
IRRI + N + 0.2 % agar 92.0 a 85.3 a 
IRRI + N + 0.5 % agar 72.6 c 58.0 d 
IRRI + N + 1.0 % agar 61.4 d 34.7 e, 

CV (%) 	 9.87 


1/ Means in a column followed by the same letter are not 
significantly different at the 5 % level. 
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ABSTRACT
 

A three year planned study 
on etiology and
piratory development of acute resinfections 
(ARI) in children 
under five years
conducted simultaneously of age has been
in 
Din Daeng community and Ramathibodi Hospital.
The study was initiated in July 1985.
 

Etiologic studies 
included 

bacterial, 

rapid antigen detection and isolation for
viral 
and chlamydial organisms. 
Serology for
ratory viruses and the above respi-
Iycoplasma pneumoniae were also performed.
 

Epidemiological 
profiles 
as 
well as incidence 
and prevalence of 
ARI
were obtained.
 

Our preliminary 
results 
revealed 
a seasonal
viruses causing ARI in 
pattern of respiratory
young children.


accounted The respiratory syncytial
for more than virus
30 percent of 

most all viruses involved and 
was the
common cause of bronchitis and pneumonia in 
this group of children.
 

The bacteriologic 
data obtained 
from children
high percentage of with ARI revealed a
recovery of S. Ipneumoniae and H. influenzae.
centage of The Perstrains resistant 
to antibiotics increased.
 

The knowledge obtained from 
this study will
tation of preventive lead to future implemenand promotive 
measures 
for ARI 
as well as effective
vaccine development.
 

INTRODUCTION
 

In Thailand, 
Acute Respiratory 
Infections
25% (ARI) accounted
of deaths in children under for about
 one year of
of the children visiting general 
age. Forty to sixty percent
hospitals suffer 
from ARI 
and approximately 10% 
of them need hospitalization.
 

Only scattered information is 
available to
describe the disease, or 
cliiically characterize or
identify the responsible pathogens.
on the roles of Information
ertain 
respiratory viruses, Mycoplasma pneumoniae, Chlamydia trachomatis and 
other common bacterial agents
philus influenzae, and S. pneumoniae is 

of ARI namely Haemo
diate need very limited. There is
for research an immeon ARI to 
improve understanding and identify the
most appropriate methods for addressing the problem.
 

Through 
the clinical 
research 
grant supported
year planned study by BOSTID, the three
on the etiology and 
development
infections of acute respiratory
in Thai children 
in 
an urban community and hospital has been
carried 
on 
by the Mahidol University group in 
collaboration 
with Din
Daeng Bangkok metropolitan health center.
 

OBJECTIVE
 

The objective of 
this study is 
to determine
lity, the morbidity and
age and seasonal mortaincidence, responsible pathogens, clinical
lation, 
risk factors, methods correof rapid diagnosis, natural 
course of 
the
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disease and establish guidelines for prevention and control of ARI in
 

children under five years of age.
 

PATIENT SELECTION AND METHOD
 

The community under study is Din-Daeng, a congested area in the
 
Bangkok metropolis with a low migration rate. There was a six-month pre
paration phase followed by a two-year cohort study, which included appro

ximately 378 children under five years of age. This was conducted by the
 
Faculty of Public Health and the Department of Pediatrics, Ramathibodi
 
Hospital. Information on risk factors, natural history,etiologic agents
 
and treatment was obtained.
 

Cross-sectional and case-control studies of moderate and severe ARI
 

were conducted at the Department of Pediatrics, Ramathibodi Hospital in
 
order to strengthen the information about the etiology, morbidity and
 

mortality of moderate and severe ARI. This included approximately 500
 
patients per year. The criteria for diagnosis were based on clinical
 
rather than laboratory findings. However,the correlation of the initial
 
investigations such as radiological features, complete blood count and
 
the clinical presentation was evaliated. The specimens obtained from the
 
mild and moderate cases in the community were taken to the microbiology
 

section, Department of Pathology, Ramathibodi Hospital for bacterial
 
identification arid to the virology section at Siriraj Hospital for iden

tification of viral respiratory pathogens.
 

The specimens from moderate and severe cases of ARI seen at the hos
pital diagnosed as specific acute respiratory infections were sent to the
 
above two places. In addition, identification of Mycoplasma pneumoniae
 
and Chlamydia trachomatis were also performed.
 

For the hospital based study every child under five years of age with
 
a history of ARI within a period of seven days who came to the hospital
 
either from the Din Daeng community or other communities and was classi

fied as having moderate nr severe ARI according to our modified WHO cri

teria was studied (Table 1)
 

Complete histories and physical examinations were obtained from the
 

above cases by our pi'ject nurse and responsible pediatricians in the
 
project. The information gathered was recorded in a questionaire designed
 

for the purpose.
 

Specimen collection for bacteriologic study included throat swab cul
ture in cases and controls, blood cultures, urine and serum for bacterial
 

antigen detection by the CIE technique was performed and taken to the
 
bacteriology and immunology labs for processing. Naaopharyngeal aspira
tion was done by using an our modified aquarium auction pump, and the
 
nasopharyngeal aspirate was sent to the virology lab for rapid viral
 
t!iagnosis and isolation of respiratory viruses i.e. Influenza A,B, Para-

Influenza 1,3, Respiratory Syncytial Virus and adenoviruses.
 

Detection of Chlamydia trachomatis from nasopharyngeal aspirate by
 
rapid antigen detection and isolation was done only in children below six
 

months of age.
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Acute and convalescent sera were obtainedviruses. for serologyBlood was of respiratoryalso drawn for a Mycoplasma titer.
 

The throat swab culture for thestarted the community controlin January 1986 but group 0a'sfor the hospital control 
group the 
culture
was 
started in May,1986.
 

1-±ue criteria for Gradinq 
of Severity 
of ARI Clinical Symptom6 and
Signs. (modified WHO criteria)
 

Symptom Normal 
 Mild 
 Moderate 

Severe


(With symptoms of 
 (With one oL more of
running inose, 
 the symptoms in
cough, fever)
Fever None moderate and the
<38.50C 
>38.30 c(axilla) 
 followings)
 
< 3 days > 3 days
Masal 
 None 
 Clear 
 Greenish 
or
discharge 


yellowish nasal
 
discharge seen
 
outside the 
nose.
 

Turbid, Whitish mucous
 
whitish 
 nasal Jischarge

with no seeri with fever
 
fever over 3 days
Cough None 
 Slight Vomiting after
 
cough, 
 severe cough,


infrequent Cough all day,
 
no sputum productive cough.
Breath- Normal 
Noisy


ing 
>50/min in children >60/min
breathing under 1 year or 
 Snorring type of
or 
stuffy >4U/min in 
children 
 breathing and mouth*
nose 
 over I year 
 breathing,flaring
 

of alae naai,
 
chest wall
 
retraction,cyanosis
 

Others 
 Normal of nail beds
Painful ear 
 refused food and water

purulent 
 convulsion
 
discharge from 
 severe lethargy
 
ear 
canal
 

All cases with 
clinical diagnosis 
of. croup, bronchitis,
chiolits, pneumonia acute broni.and ten percent 
of the othar conditions classified
as moderate degree of ARI wers 
 randomly. selected
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ARI and Virus Identified in Moderdted Cases at Rarwathibodi Hospital
Table 2 

- Dec. 1986)
ARI - TIH - 8 - 85 - 51 (Jan 1986 


Croup Bronchi- Bronchio- Pneumonia Total
Clinical Nasopha Pharyngo 

tis "irisryngitis tonsillitis 


Organisms (N=28) (N=36) (N=15) (N=156) (N=4) (N=25) (N=266) 

Parainflu- 1 2 3 5 - 1 11 

enza I 
Parainf [u- 4 2 3 13 - 1 23 

enza 3 
influenza 
Influenza 

RSV 

Adenovirus 

CMV 

Others 

A 

B 

-
1 

1 

2 

-

I 

4 

-

4 

1 

-

-

1 

-

-
1 

1 

-

4 

-

27 

13 

3 

3 

-

-

1 

-

-

-

1 

-

8 

3 

-

-

10 

1 

41 

20 

4 

4 

Total 

(% of each 

10 

(35.7) 

13 

(36.6) 

9 

(60) 

68 

(43.6) 

1 

(25) 

13 

(52) 

114 

(42.8) 

syndrom ) 

Severe Cases at Ramathibodi Hospital
ARI and Virus Identified ii
Table 3 

ARI - TH 8 - 85 - 51 (Jan. 1986 - Dec. 1986)
 

Total

Croup Bronchitis Bronchio- Pneumonia


Clinical Dx. 

litis
 

(N=8) (N1I01) (N-144)

Organism (N=30) (N=5) 

- 2 16 191RSV 

- 1- 1CMV 

1 2
1
Parainfluenza 
 99
--Parainfluenza 1 


111 7
Parairif [Luenza 3 3 

- 2 3
1 -
Influenza A 


2 3 
Influenza B 

--Adeno virus 
- 2 61 -Measles 


- I-Rhino virus 
2 2 

Others 

650 4Total positive 15 41 

(0) (50) (40.6) (45.1)

(% of each syndrome)50 
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Table 4. 	Comparison of Percentage of Potentially Pathogenic Bacteria
 
Isolated 
from Throat Swab Culture of Patients and Controls in
 
Hospital-Based and Community Population (Jan. 1986 
- May 1987)
 

Organisms Hospital P-value 
 Community P-value
 
patient control patient control
 
(N=461) (N=240) (N=681) 
 (N-753)
 

H.influenzae 108(23.4%) 13(5.4%) <0.0001 
 88(12.9%) 42(5.6%),<0.0001

S.p,,)umoniae 69(14.9%) 
 12(5.0%) <0.0001 86(12.6%) 85(11.2%) 0.4342
 
S.aureus 77(16.7%) 36(15.0%) 0.5607 48(7.0%) 42(5.6%) 0.2514
 

Table 5. 	Detection of S. pneurnoniae and H. influenzae type B antigens by

CIE in Cases of Childhood ARI (Jan - Dec. 1986)
 

S.pneumoniae H.influenzae type b
 
Urine Serum 
 Urine Serum
 

No. % No. 
 No. % No.
 

Total specimen tested 150 176 150 
 176
 
CIE Negative 134 89.9 170 96.6 
 150 100 173 98.3
 
CIE Positive* 16 10/6 6 3.4 
 0 0 3 1.7
 

* Nine patients with positive S. pneumoniae antigen and two patients with
 
positive H. influenzae type B antigens had the corresponding organism

recovered 	from throat swab cultures.
 

RESULTS AND DISCUSSION
 

Preliminary data obtained from the 
hospital and community based popu
lation revealed seasonal distribution of respiratory 
viruses recovered
 
during July 1985 through December 1986 from ARI children in the studied
 
group (Fig I.) RSV was isolated more frequently during July and August

1985 and during July through December 1986. Parainfluenza 1 and 3 were
 
recovered more frequently during February through May 
1986, Influenza A
 
during May and June. Adenovirus was recovered 
all. year but more during
 
August through September.
 

Incidence and prevalence of ARI in community children during Jan

1986-June 1986 were 
shown in Fig. 2 and 3. The weekly incidence rate
 
ranged frog 11 to 31 episodes per 100 children-week and appeared to be
 
highest during January through February. The weekly prevalence rate was
 
between 22 and 37 episodes per 100 children-week.
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Demographic information as well as inLt:mation on risk factors, family
 

background, personal health history were collected and being analysea.
 

Hospital based data obtained from mu krate and severe cases of ARI 

revealed 42.8% and 45. 1% ienpet ively l respiratory viruses recovered. 

The respiratory syncytial viru; (UV)and parainfluenza viruses (PF) were 

the two most common viral agent tuind .iwl associated with bronchitis and 
pneumonia. (Table 2 and 3). 'Ph- percentage of RSV associated infections 

in this preliminary data was Q1. i% of all viruses identified. Epidemio

logical profiles, clinical present atiois of t ie RSV associated cases as 

well as pertinent laboratory findingy are b ny carefully analysed and 

will be presented later. 

Bacterial isolat ion from the throat swab cultures of ARI children and 

controls from Dotn hospital and community based populations showed signi

I[cant growth of the three acterial pathogens known to cause ARI in 

children .e. H1. influenizae, I. ipneumoniae and S. aureus respectively. 

(Table 4) There were also sr1riifrcant. difference of H. influenzae and S. 

oneumoniae between the AN cases and the controlIs (P(0.0001) but for the 
community group tihe siini fica it diffeitnce wdaia moustrated only for H. 

influenzae P< U.00UI). A hqh percent age of ant ibiotic resistant strains 

of the bove two organisims was; noted. ebect Lun of S. pneumoniae and H. 

inf luen;' e antigens by Count ,r Imnu no-E l ec t i Whor es is (CIE) in severe 

cases d. ARI revealed 10.6i% positive with S. pneumoniae in urine, 3.4% 
in serul 1.7iA ye luenzaebut only pusit for H. ,i type B was identified 

in serum (Table 5) Confir mat ion and speci[ic serotyping of the above two 

organisms are being one by the BSTD reference laboratory. H3wever, 

with th-. very low percentage of positive yield in our study, the specifi

city is still undetermined. More careful arily.sis of the clinical pro
filos obtained from each individual positive case may give clues to the 

significant value of the above test. There was only one case of Chlamydia 

trachomats isolated Frim ARI case in our study. No cases of Mycoplasma 

pneumonia were found. 

The above study revealed the great majority of children presented 

with acuru. repiratory infections had significant associations with respi

ratory viruses. A definite role for bacterial pathogens as primary caus

ative agent.; was established only in very few cases.
 

Special emphasis on management of ARI in children should be stressed 

for supportive treatment as well as preventive and control measures. 

The judgement for the appropriate use of antibiotics should be care

fully considered as a high percentage of antibiotic resistant strains of 

H. influennae and S. pneumoniae appeared to be increasing in the develop

ing world and was noted in our study as well. 

The future development of more effective bacterial and viral vaccines
 

for prevention of ARI in all groups of children hopefully will reduce the
 

morbidity and mortality of children due to ARI and lead to better health
 

for children all over the world.
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Figure 1 	Number of Positive Case of Respiratory Viruses Recovered from
 

ARI Children Seen &t Ramathibodi Hospital during July 1985-


December 1986.
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Figure 2 
THE WEEKLY INCIDENCE RATE 

(EPISODE) IN JANUARY - JUNE 1986) 
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THE WEEKLY PREVALENCE RATE 

IN JANUARY - JUNE 1986 
Figure 3 
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FY 1986
 

COMPARATIVE LONGITUDINAL STUDIES OF MALARIA VECTORS INFECTION RATES IN
 

DIFFERENT ECOLOGICAL AREAS IN THAILAND (MVR-TH-9-87-66)
 

CHUSAK PRASITTISUK, SOMTHAS MAIAKUL, MALINEE PRASITTISUK, NILOBOL 

THERASILP, SOMSAK KRACHAIKL1N, SUCHAYPTr PHATIPONGSE I/ , J.3. GINGRICH, 

R.E. HARBACH 2 /, R.G. ANDRE AND R.A. WIRYT 3 / 

l/ Malaria Division, Department of Communicable Disease Control, Ministry 

of Health, Bangkok 
2/ Department -if Medical Entomologjy, Armed Purces Research Institute of 

Medicine Sciences, Bangkok 10400 
3/ Department of Entomology, Walter Reeu Army Institute of Research, 

Washington, D.C., U.S.A. 

BACKGROUND
 

One of the most critical problems currently confronting the THAI 
Anti-Malaria Program is a lack of reliable scientific information charac
terizing the site of malaria transmission as being inside or outside 
houses; within specific habitats such as the village itself or in nearby 
forests or rubber plant ations. Cdrrent intormation, based on malaria 
case inv.ostigation indicates that up to 89% of cases are contracted in 
foreste,. areas. If this i.; in fact the case, residual spraying in vil
lages and other vector control measures in many localities may be ineffi
cient. However, to desist in these activities is to risk a resurgence of 
malaria transmission, so this decision must be made on the basis of re
liable data concerning the site of transmission. Presently the means of 
determining this information is through case investigation which is, at 
best, qrpeoulative. In Thailand we have identified three major ecologies 
in which the putative principal vectors are most frequently found : for
ests, rubber plantations and rice cultivation fields including villages 
located near any of these three. it is in these three ecologies that we 
wish to examine vector sporozoite rates in an attempt to characterize 
areas of high malaria transmission and to study which vectors are prima
rily responsible for this transmission at different times of the year. 

HYPOTHESIS
 

I. The relative importance of anopheline vector species will vary
 

in accordance with seasonal an ecological factors. This can be evaluated
 

by longitudinal studies of vector infection rates in selected geographi

cal areas.
 

2. Malaria transmission occurs outdoors rather than indoors, and
 

most cases are contracted in heavily forested areas as compared to other 
ecological settings.
 

OBJECTIVES
 

I. To correlate P. falciparum and P. vivax infection rates in ano
phe!ine mosquitoes with seasonal gametocyte infections in humans in dif

ferent ecological settings. 
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2. To determine 
the prevalence of P. 
falciparum and 
P. vivax in

different ecological settings:.
 

3. to confirm the presence of the known primary, secondary and/orsuspected anopheline vectors (if human malaria parasite in different ecological settings and 
to compare t .e 
vectorial capacities of 
these species.
 

4. To investigate 
daily and seasonal variations 
in the nocturnal
biting habits of anopheline vectors and 
determine 
the period of maximum
risk of contracting malaria 
indoors 
and outdoors in different ecological
 
settings.
 

-. To determine the feasibility of integrating the ELISA method of
spurozoite analysis 
into routine malaria epidemiological field studies.
 

STUOY AREAS
 

Three different ecological settings were selected 
in Chantaburi Province southeastern Thailand, as 
follows:
 

i. Rice Field Village - Takrid a hamlet in Village No. 
2, Tambon
 
Pattawee Makham District.
 

2. io b5er Plantation - Khoa Sung, another from Takrid hamlet inVillage N: 
 2, Tambon Pattawee 
Jf Makham District. it is approximate by

3-4 kilometers.
 

3. Forest - Takree, one hamlet in Village No. 8, Tambon 
Pattawee,
 
Makham District.
 

Each hamlet has approximately 
50-60 houses and 
250-300 inhabitants.
Annual 
malaria incidence is approximately 30/1000 population. 
All three
hamlets 
are about 20-30 km. 
from the provincial capital of Chantaburi.
 

METHODS
 

The field study 
will require 2 years, 
from July,. 1981k 
to June,
1989. This phase will 
see the first use of the 
ELISA technique as a
research 
tool in the Anti-Malaria program in 
Thailand. During these 
two
years of field 
studies we will be 
particularly interested 
in determining
which anopheline mosquito species are natural 
malaria vectors 
in the
study area, investigating specific ecological habitats and 
sites of malaria infection, 
i.e., indoors or outdoors, villages 
or surroundiiig environments (forest, 
 rubber plantations, 
 rice field). We 
will observe
Anopheles 
and ?lasmodium 
species interrelationships 
as well as seasonal
variations 
in malaria transmission. 
 The first year's study will 
be conducted to obtain basic 
information 
as stated above. The 
second year's
study will be 
carried out to determine any possible 
annual variation and
to confirm 
the first year's study results. 
 Moreover, any _Zatist.ical
study such as this 
requires as broad 
a data base as possible, especially
if we hope to use the information gained as a model on 
which control
 
measures may be planned.
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Three field teams will be used dur Lng the study, one for each of the
 

ecological settings- iEach t-eam will con:iist of a team leader, a driver
 

(both from the Malaria Division), and 12 collectors (four Malaria Divi

sion staff members and 8 locally hir, d and trained collectord). A
 

Regional Entomologist will ,, responsiJl ,- for the overall supervision of
 

the three field teams.
 

Human biting mosquito coil, :tions will be conducted each month,
 

during the same phase of the lunar cycle, to determine the identity and
 

density of vectors species infected with human malaria sporozoites.
 

Collections will be made between dusk and daw. by two men serving as bait
 

inside and two men outside study houses ],)iw> d in each of the ecological 

settings (i.e,. the rice field, forest . 1 rubber plantation). Houses 

used during the study will have at least three walls. The men will work 

in shifts from dusk until midnight and midnight until dawn (8 men/night/ 

setting = 24 men). Collections will also be made by two men in the 

forest and two men inithe rubber plantation away from dwellings. These 

men will be relieved at nidn'ight. (4 men/night/setting = 8 men). Addi

tionally, two men workinq in shifts will coltect mosquitoes for 20 

minutes each hour from a water buffalo or a cow (or other suitable non

human host) located in the vicinity of the study house in the rice field 

setting (2 men/shift = 4 men). Collections will be made on each of five 

consecut ive nights. All anopheline mosquitoes collected on humans will 

be captured in vials and the time of collection recorded. Suction tubes 

will be ised to collect. spe, - ens from the walls of a net enclosing a cow 

or water buffalo. The net will hang about 0.33 meters above the ground
 

to allow mosquitoes to enter, it will be cleared of all mosquitoes
 

remaining uncollected after the 20-minute collection period. Anopheline
 

mosquitoes will be screened using a dissection microscope and standard
 

morphological characteristics. Currently available morphological keys
 

for the subgenus of (Cellia) and Anopheles e.g. Harrison an B.A. Harrison
 

and J.E. Scanlon will be used for identification. Those mosquitoes
 

belonging to the Anopheles dirus complex, Anopheles maculatus complex and
 

An. phiLippinesis / An. nivipes, and Ar. barbirostris group will be iden

tified based on the morphological characteristics elaborated by AFRIMS,
 

the Faculty of Science (Mahidol University) and the Smithsonian Institu

tion (Washington, D.C.) researchers. A key for the An. maculatus complex
 

has been published by P. Rattanarittikul and C.A. Green. A key to the
 

An. dirus complex is being prepared for publication by E.L. Peyton. If
 

this key is not available, the voucher specimen will be examined for the
 

presence or absence of the enzyme glyceral dehydrogenase. This will be
 

tested by C.A. Green and V. Baimai of Mahidol University. Each mosquito
 

will be given an accession number. Duplicate numbers will be used, one
 

for the abdomen, the other for the head and thorax. Mosquitoes will be
 

first dissected and the ovaries examine for parity under a compound
 

microscope. Parity data will be used to estimate mosquito longevity (See
 

diagram). parous mosquitoes will then be dissected in accordance to
 

direction from Dr. R. A. Wirtz, WRAIR and the two halves placed in sepa

rate labelled Eppendorf tubes and stated above for testing by ELISA.
 

Eppendorf tubes containing the samples will be placed, with their lids
 

open in an incubator containing copper sulfate till the next day's sam

ples are ready to be dried. At this time the previous day's samples will
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be sealed and packed for transporatioii dn! next
the samples placed in
 
the incubator 
for dry.ng. Each month's samples will be transported to

Bangkok in a padded packing box for 
ELISA testing. All dissection and

identification data 
will be correlated with 
the accession number 
of mos
quitoes and the results 
of ThJISA tests will be recorded following the
 
same procedure. One Investigit or, two 
Research Assistants and 
two Labo
ratory Assistants 
will be at tho study area in each month and will be

responsible for scoring the identitication and dissection of mosquitoes

including labelling the tube 
with the 
 and 

other related field activities. Sporozoite species analysis will 


accession numbers performing
 

be per
formed using the ELISA method described by Wirtz.
 

Anopheline biting activity will be related to human infection. The area will be mapped and a census taken before the ofonset collections. 
Approximately 200 individuals (approximately 30-50% of population) repre
sei tative of 
 the age structure and proportion of individuals living

and/or working 
in each of the ecological situations will 
be selected for

monthly evaluation. Malaria prevalence will be determined by taking
thick blood smears from these individuals. 
 The slides will be fixed,

stained, and examined by a 
Malaria Division microscopist according 
to
 
established procedures 
(examinat ion of 200 microscopic fields will be
carried out later 
in order to confirm these initial results). Parasite
mia, Pla,iodium species, and of
stages infection 
will be determined.
 
Malaria jusitive cases will be treated 
according to policy
the established 
b% Malaria Division thruugh the local Malaria Office. 
 Records of
 
patient history including 
age, sex and occupation will be maintained.
 
These investigations will be performed by a Research 
Assistant and a

laboratory 
Assistant. Meteorological data 
for the study areas will be

collected monthly. Average temperature, 
humidity and rainfall will be
recorded from meteorological stations 
established near the collection
 
sites.
 

PROGRESS
 

Study areas have 
been selected as mentioned before. 
 Two Research
 
Assistants and 
two Laboratory Assistants 
were recruited, and they have
been trained at AFRIMS, 
Bangkok on mosquito identification, dissection
 
for gut, glands and ovaries as well as 
ELISA techniques. We are at the
beginning of the establishment of an 
ELISA Laboratory at the Malaria
 
Division with assistance from Dr. J.G. Olson and Dr. R. A. 
Wirtz.
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MANAGEMENT AND PRODUCTION OF SELECTED NITROGEN-FIXING TREES (FGT-TH-10
87-72)
 

KOVITH YANTASATH, SUTHIJED CIIANTRASIRI, SIRIPHONG PATANAWIBUL, SMORN 
PROMPETCHARA AND WINAI SUPATANA UL 
Thailand Institute of Scientific and Technological Research (TISTR), 
Bangkok 10900 

ABSTRACT
 

Sixteen nitrogen-fixing tree species of the genera Acacia, Albizia, 
Calliandra, Casuarina, Enterolobium Gliricidia, Leucaena, Pithecellobium,
 
bamanea, Sesbania and 2 non-nitrogen-fixing species of Cassia and
 
Eucalyptus were evaluated for site adaptabilities and multipurpose
 
potential:
 

In non-acid soil conditions at Nakhon Ratchasima Province, the spe
cies used in the trials which grew well were Acacia mangium, Albizia
 
Falcataria, Eucalyptus camaldulensis, Gliricidia sepium and Leucaena
 
leucoce hala. Recently, however, the L ucaena trials have been damaged
 
by a psyltid (Heteropsylla cubana) infestation.
 

In acid soil conditions at Chumohon Province, the most adaptable 
species were Acacia mangium, Acacia auriculifornis, Eucalyptus camaldu
lensis, Albizia falcataria and Casuarina e[uisetifolia.
 

Heights and diameters at breast height of most tree species increased 
with increased spacing. Total biomass was generally highest at the 
closest spacings. 

Cassia siamea, Eucalyptus camaldulensis, Leucaena leucocephala,
 

Gliricidia sepium and Calliandra calothyrsus coppiced well compared to
 
other species used in the trial.
 

Among the species tested, Leucaena leucocephala, Cassia siamea,
 
Gliricidia sepium and Sesbania grandiflora were identified as suitable
 
for animal feed. Acacia mangium, Acacia auriculiformis and Eucalyptus
 
camaldulensis were identified as having exceptional promise, particularly
 
for fuelwood, pulp, wood products and high yielding biomass.
 

Overall, the results indicate the greatest multiuse potential of
 
Acacia mangium and suggest this species warrants further research and
 
development for cultivation in Thailand and Jr other humid tropical areas.
 

INTRODUCTION
 

The problem of rapidly depleting forests is of great international
 
concern. In Thailand, the annual depletion of forest resources during
 
1982-1986 was estirated at 5,339 square kilometers or about 0.21 million 
hectares2 . Shifting cultivation, illegal logging and the increasing 
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need for wood have resulted in this loss. Much of the reforestation hasinvolved slow-growing tree species, often requiring 50-60 years before 
economic harvest.
 

Research and development 
 of fast growing, multipurpose, nitrogenfixing trees are feasible ways to approach the problem of decreasing

forest resources.
 

Recognizinq the need for solutions to the problem of rapidly depleting forest reserves, 
the Thailand Institute of Scientific and Technological Research (TISTR), the Ministry of Science, Technology and Energyhas conducted -_,earch 
 nd development projects on 
fast growin,, nitrogenfixing trees (FGNFT) 
started with Leucaena leucocephala, a fodder 
tree
which has proved widely adapted in Thailand for its multiple uses.
 

From 1982-1985 
TISTR has conducted the research project entitled
"Field Trials and Testing of Selected Species of Fast-Growing, Nitrogen-Fixing Trees" 
under support of the Board 
on Science and Technology for
Irternational Development (13STID), U.S. National Academy of Science, totest 18 species of FGNFT. The objectives were to identify tree speciesmost appropriate for the locations (Chumphon and Nakhon Ratchasima Provinces), to determine cultural aid management techniques and to investigate the properties of the trees and their potential uses. The results
of this pioject (briefly presented in this report) has led to the on-goingresearch a d development project entitled "Management and Production ofSelected Nitrogen-Fixing Trees" with the overall objectives to evaluatethe relationships of outstanding tree species and provenances (Acaciasp.) with the climatic and soil variables, to identify significant genetic variability and develop high 
yielding composites. These project
trails have been estanli,;hed in 1987 at Chiang Mai, Chonburi, Chumphonand Suratthani Provinces. it is expected that the research results willnot only benefit the ayro-frestry activities of Thailand but shouldprovide knowledge of international importance in 
exploiting these signi
ficant multipurpose nitrogen-fixing tree species.
 

MATERIALS AND METHODS
 

Experiments at Chumphon
 

i. Species trial of 18 
FGNFT species (Table 1): 
Tne augmented

design, which consists of species 
No. 1-10, augmented with
species No. 11-18, with six replications was employed. The
 
trees were planted at 1 m x 1 m spacing.
 

2. Spacing trial: The 
split plot design with two replications
 
was employed. Species No. 1-10 were the main plots and the
spacing of 0.5 m x 1 m; 1 m x 1 m; 1 m x 1.5 m; 1 m x 2 m; 1 
m x 3 m; 
and 1 m x 4 m were the subplots.
 

3. Fertilizer trial, coppicedregrowth study
 

The split plot design with four replications wes em
ployed. Species No. 1-10 were 
the main plots and four
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levels of phosphate fertillze, (18.75; 37.50; 75.00; 150.00 

P2 0 5 /ha) were tile subplots. A basal fertilizer dressing 

of ammonium sulphate to give 28 KgN/ha and potash to give 75 

Kg K20/kha was ac;o~td. Tho plant spacing was 1 m x 1 m. 

One half of eich subplot of each species was coppiced to 

allow collection of ,i&tli on coppicing and biomass determi
nat ion. 

Experiment at Nakhon Ratchasim
 

1. Species trials of six FGtFT speci ,s: Acacia mangiue, Albizia 

falcataria, Eucalyptus cmal duIensis, Gliricidia sepium, 

Leucaena diversifolia and Le_ -,,na leucocephala were used. 

The experiment was a randomized complete block desIgn with 3 

planted at 1.5 m x I.- m spacing.
replications. Trees were 


2. Spacing trial
 

The same six tree species utilized in the species trial 

were used. A complete randomized design with 3 replications 

and 3 spacing trea.tments: 1.5 m x 2 m; 1.5 m x 3 m; and 1.5 

m x 4 m was employed.
 

Analysis and Testing
 

Leaf tissue was analysed chemically for animal feed characteris

tics and in vitro dry matter digestion. Physical properties of woods
 

and pulping and paper making(moisture content, heating value, deisity) 

characteristics were determined.
 

RESULTS AND DISCUSSION
 

On the coastal sandy acidic soil at Chumphon, the must adaptable 

species were Acacia mangium, Acacia auriculiformis, Eucayptus camaldu

lensis, Albizia falcataria and Cas!!urina equisetifolia, which appear to
 

have a higher tolerance for acid soil conditions. On the non-acidic soil
 

included Leucaena
at Nz1 hon Ratchasima, the most adaptable species 


Leucaena diversifolia, Eucalyptus camaldulensis, Albizia
leucocephala, 

falcataria, Acacia mangium and Gliricidia sepium.
 

taller and had greater diameters at
Most of the tree species grew 


breast height as spacings increased. In contrast, the bioniasc and stem
 

volumes were highest at the closest spacings. In this trial, weeds,
 

were predominantly found in plantings
particularly Imperata cylindrica 


with wider spacings. Higher density plantings allowed early canopy
 

closure which suppressed weeds.
1
 

tree densities, it
In considering of biomass production at different 


should be noted that selection of the optimum planting density should
 

purpose and scale of planting, labour supply andultimately depend on the 
For small scale plantings, the use of lm x lm or
the species to be used. 


the use of laboursim x 1.5m spacings could be employed since they allow 
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or small tillers for maintenance. The tre !s could be thinned at eachsuitable stage for specific wood products and to 
allow the remaining
trees to grow larger for other wood uses. in a commercial scale plantings, the 
use of wider spacing may be necessary to allow full mechani
zat ion. 

Among the adaptable species, Atbizia falcataria grew well in bothacidic and non-acidic soils 
and appears useful 
as a source of paperpulp. The wood, however, has a relatively low specific gravity and is
unsuitable for other wood uses. 

Leucaena leucocephala and L. diversifolia grew and yielded well inthe non-acid soil and seem to possess many useful qualities. In Thailand,Leucaena leucocephala has been widely cultivated in small farm plots andboarder rows for fodder/fuelwood and increasingly for commercial fodderpr duction. However, its inability to grew in acid soils and susceptability to 
 psyllid (Het er2_s,Y11 a cubana) infestation 6 '7 suggust that
its cultivation 
should be limited until -hese problems are solved 3
 .
Recent research has reported, some success in identifying psyllid tolerant 
leucaerna.5
 

One of the interesting -species was Acacia auriculiformis, which couldtolerate te arid and acid :3soil conditions, and several months of permafloo, ittj. It was highly productive, yieldingnent 
wood of high calorificvalue wit. good wood property I r paper pulp. Its use as lumber could belimited due to its crooked ,sten and branching. However such disadvantages may be overcome through the selection and breeding of straight 

trunk trees.
 

Another one of the best adapted species was Eucalyptus camaldulensis,a well-known fast-growing tree, 
which is being cultivated throughout
Thailand and in many countries. It produced the highest biomass a.3 well as good quality wood for the paper pulp. 
 In the other hand, it has been
suggested that its cultivation may pose environmental and econologicalproblems4 . Thus, research to determine the 
 environmental 
effects of
 
this specific problem seems 
warranted.
 

Among all tree species tested, Acacia manqium was considered the mostinteresting both for 
 its site adaptability and multipurpose 
uses. The
average biomass produced by Acacia mangium was close to the biomass produced by Eucalyptis camaldulensis. 
 Its wood has the 
highest calorific
value of 
all species tested, and is 
suitable for paper pulp production as
well as for lumbering for furniture and 
plywood. In Thailand, it has
been found to grow well not only in the acid soil at Chumphon, or on thenon-acid soil 
of Nakhon Ratchasima but 
also in less fertile soils in
 
disturbed sites.
 

In consideration 
of the properties of the 
tree species tested,
conclude that we
Acacia mangium and 
Acacia auriculiformis warrant further
research and development for cultivation in Thailand and in other humid 
tropical areas.6
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Table I Fast Growing Tree Species Used 
in Experiments
 

Species 


I. 	 Acacia auriculiformis 


A. Cunn. ex Benth. 

2. Acacia mangium Willd. 


3. Albizia falcataria (L.) 


Fosbe 	rg. 

4. Calliandra calothyrsus 


Meissin. 

5. 	 Cassia s]amea Lam. 


6. 	 Casuarina equisetifolia 
Forst. & Forst. 

7. 
 Eucal*-tus camk~aldulensis 


Dehnt. 

8. 	 Gliricidia sepium (Jacq.) 

Steu T. 

9. 	 Leucaena leucocephala K8 


Lam. de Wit
 

10. 	 Sesbania grandiflora (L.) 


Poir.
 

11. 	 Albizia lebbek 
(L.) 	Benth. 


12. 	 Albizia procera (Roxb.) 


Benth.
 

13. 	 Causuarina junghuhniana 


Miq.
 

14. 	 Albizia Lebbekoides Benth. 


15. 	 Enterolobium cyclocarpum 


(Jacq.) Griseb
 

16. 	 Leucaena diversifolia 


(Schlecht) Benth.
 

17. 	 Pithecellobium dulce 


(Roxb.) Benth.
 

18. 	 Samanea saman (Jacq.) 


Seed 	Source
 

Local seed, Nakhon Ratchasima province
 

Forest Research Center Sabah, Malaysia
 

NFTA. Hawaii
 

Indonesia
 

Local seed, Nakhon Ratchasima, province
 

Prachuab Khiri Khan, Royal Forest
 
Department
 

Australia.
 

ASEAN Canada Forest Tree Seed Center
 
Muak ek, Saraburi Province
 

NFTA, Hawaii
 

Local seed, Chachoengsao province
 

Local seed, Nakhon Ratchasima province
 

Local seed, Saraburi province
 

Local vegetative plants
 

Pak 
Thong Chai, Nakhon Ratchasima
 

province
 

Kasetsart University, Bangkok
 

NFTA, Hawaii
 

Local seed, Bangkok
 

Kasetsart University, Bangkok
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Appendix I
 

H.M. Fifth Cycle Commemorative Ccnference of
 
USAID Science Research Award Grantees
 

Whale Hotel, Nakorn Pathom
 
July 24-26, 1987
 

AGENDA
 

Friday, July 24, 1987
 

Opening Ceremonies
 

(Venue - Conference Room, Faculty of Education,
 

Silpakorn University, Tabkaew Campus)
 

09:00 Registration and Coffee 

10:00 Audience t>akes seats in Conference Room 

10:15 Professor Dr. H.R.H. Princess Chulabhorn arrives 

10:30 - Minister of Science, Technology and Energy reports 
to H.R.H. Princess Chulabhorn on Purpose of the 

Conference 
- H.R.H. Princess Chulabhorn formally opens the 

Conference 
- U.S. Ambassador's address on Thai-U.S. 

Collaboration in S&T Research 

11:00 Professor Dr. H.R.H. Princess Chulabhorn reviews 

Exhibits on Research Activities 

11:30 Professor Dr. H.R.H. Princess Chulabhorn meets with 

dignitaries to discuss S&T issues 

12:00 Professor Dr. H.R.P. Princess Chulabhorn departs 

12:15 Lunch for conference participants at Whale Hotel 
hosted by Conference Organizing Committee 

Balance of Conference
 

(Venue - Conference Room, Whale Hotel, Nakorn Pathom)
 

14:30 	 Coffee is served in the large conference room at the
 
Whale Hotel, where conference continues after lunch.
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15:00 Plenary se;son conven1ed by Dr. Yongyuth, who makesbrier oponing remarks and introduces speakers and 
panel. 

15:15 Overview 1 ;AID 'support for research projects.
- Program Jr Science and Technology Cooperation 

(PSTC) - bi . 1rvin Asher 
- Board on Scionce and Technolohy in International 

Developneint (BOSTi)) - Dr Judith Bale 
- Cooperative Development Research (CDR) - Mr. Ariel 

Kerem 
- Sciece and Technology Development Board (STDB) -

Dr. John R. Eriksson 

16:00 
 Panel Discu:ision of centrally funded research grant
programs by luiversity representatives.
Representatiye of Ministry of University Affairs inthr chair. Representatives of Mahidol University,Chiaig li Universi ty, Kasetsart University, and
Kaen Univer sity 

Khon 
coustit ute the panel. General

di.-WusSjion tu1 I )ws iidi V daI presentations. 

7: 30 Afterrnun se; sion concludes 

II JO Reception t. ;ted by USAID. 

Saturday,July 25, 
1987
 

At this point, presenvt-ios and discussions on ach of the projectbegin. Projects are divided intc 
three areas - Health and Life ScienceProjects, Agricultre' and Natural Resources Projects, arid EngineeringRelated Projects. Presentations on projects from each of the threewill occur concurrently. areasPresentations on Health and Life Science
Project will 
be in 
Room A, presentations on 
Agriculture and Natural
Resources Projects will oe in Room B, and presentations on Engineering
Related Pro !.ts will be in toom C. 

As indicated below, in 
some cases r~ports on project. 
 JjI occur as partof Panel Discussions while in other cases, project reports will be
presented individually 
as Short Papers. In panel discussions each panel
member will make 
a presentation on 
his/her project. Questions and
discussion 
on the projects will occur 
after all panel members have made
their presentations, and hopefully, will serve 
to highlight similarities
and differences in approaches 
taken by the different panel members in

carrying out their projects.
 

In the case of "shor- paper' presentations, questions and 
answers
sessions will occur 
immediately fcllowing the presentation.
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Health and life Science Projects : Room A
 

08.30 Panel Discussion on Immunodiagnosis
 

Part I
 

'Development of an Immunoperoxidase Test for Early
 

Diagnosis of Acute Reactional States in Leprosy
 

Patients"
 

Dr. Choti Theetranont, Chip.,g Mai University
 

"Evaluation In Vitro of Interleukin I and Interleukin 2
 

as Possible Immunotherapeut Agents in Leprosy"
 

Dr. Sanit t4akonkawkeyoon, Chiang Mai University
 

"Immunodiagnosis and Seroepidemiology of Tuberculosis"
 

Dr. Sanit Makonkawkeyoon, Chiang Mai University
 

"Developmentt ,)f Immunodiagnosis and Improvement of
 

Immunotherapy of Snake Venom Poisoning"
 

Dr. Kavi Rat anabanangkoon, Mahidol University
 

10.00 Coffee Break
 

Part 2
 

10.30 "Production of Monoclonal Antibodies to Salmonella
 

That 	Cause Enteric Fever"
 

Dr. Suthipant Sarasombat, Mahidol University
 

"Application of Monoclonal Antibodies Against Entamoeba
 

histolytica in Tropical Medicine Research"
 

Ms. Nitaya Thammapalerd, Mahidol University
 

'Development of Methods for Immunodiagnosis of Liver
 

Fluke Infection"
 

Dr. Stitaya Sirisinha, Mahidol University
 

'Identification and Cloning of Surface Antigens and
 
Genes of Schistosoma japonicum'
 

Dr. Prasert Sobhon, Mahidol University
 

12.00 Lunch
 

13.00 Short Papers
 

"Immunopathogenesis of Dengue Hemorrhagic Fever/Deigue
 

Shock Syndrome"
 
Dr. Vinai Suvatte, Mahidol University
 

"Biological Control of Schistosomiasis Transmitting
 

Snails in Southeast Asiaw
 

Dr. Suchart Upatham, Mahidol University
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*Etiology and Development of Acute Respiratory
 
Infections in an Urban Community and Hospital"
 

Dr. Subharee Suwanjutha, Mahidol University
 

"Sulfonamid DrugJs 
as a Male Antifertility Agent"
 
Dr. Choompol Pholpramool, Mahidol University
 

15.00 Coffee Break
 

15.30 Plenary Session 
: Financial Management and Grant
 
Administration
 

18.00 Hospitality Hours
 

Agriculture and Natural Resources Projects 
: Room B
 

08.30 Panel Discussion on 
Plant Genetic Resources
 

Part I
 

"Yield Improvement, Agronomy and Local Use of Amaranth'
 
Dr. ChLuckree Senthong, Chiang Mai University
 

'Species Seecti ,n and Potential Uses of Grain Amaranth
 
As an Introduced Crop'
 

Mr. Soonthorn Duriyaprapan, T.STR
 

'Collection and Urilization of 
Tamarinds Germplasm"
 
Dr. Sumrit Feungchan, Khon Kaen University
 

10.00 Coffee Break
 

Part 2
 

"Enhancing Genetic Variability and Breeding Improved
 
Sesame Cultivars'
 

Dr. Vichitr Benjasil, Department of Agriculture
 

'Fiber Farming Through Weed Utilization'
 
Dr. Thanakorn Uan-On, Mahidol University
 

"Management and Production of Selec;ted Nitrogen Fixing
 
Trees"
 

Dr. Kovith Yantasath, TISTR
 

12.00 Lunch
 

13.00 Panel Discussion on Biofertilizer and Nitrogen Fixation
 

'Culture, Maintenance and Propagation of Azolla Under
 
Tropical Conditions'
 

Dr. Nantakorn Boonkerd, Department of Agriculture
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"Ri-Plasmid Induced Root Culture As a Potential
 
Substrate for In Vitro Propagation of Mycorrhizal
 

Fungi"
 
Dr. Malee Suwana-adth, Kasetsart University
 

ORole of VA Mycorrhiza in the Phosphorus Nutrition of
 

Economic Leguminous Crops in Thailand"
 

Ms. Yenchai Vasuvat, Department of Agriculture
 

Interactions in Legume - Nonlegume Intercropping
 

Systemso
 

Dr. Benjavan Rerkasem, Chiang Mai University
 

15.00 	 Coffee Break
 

15.30 	 Plenary Session : Financial Management and Grant
 

Administration
 

18.00 	 Hospitality Hours.
 

Engineering 	Related Projects : Room C
 

Short Papers
 

08.30 	 "Heat Sterilization and Accelerated Drying of High
 

Moisture Rice for Safe Storage"
 
Dr. V. K. Jindal, Asian Institute of Technology
 

wImproved Producer Gas Cleaning System"
 
Ms. Pojanie Khummongkol, KMIT Thonburi
 

"Cashew Nut Compact Sized Sheller*
 
Mr. Thavachai Thivavarnvongs, Khon Kaen University
 

10.00 	 Coffee Break
 

10.30 	 "Soil Salinity Control for the Growth of Plants Which
 
Can Serve As Energy Source"
 

Ms. Benjamas Chattong, KMIT North Bangkok
 

'Hydrological Study of Rainfed Agricultural Watersheds'
 
Dr. Sacha Sethaputra, Khon Kaen University
 

12.00 	 Lunch
 

13.30 	 Plenary Session : Financial Management and Grant
 

Administration
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Sunday, July 26, 1981
 

Health and Life Science Projects : Room A
 

08.30 Panel Discussion on Malaria
 

Part I
 

.Studies on 
the Bionomics of Anopheles maculatus and
 
Its Role in Malaria Transmission"
 

Dr. Suchart Upatham, Mahidol University
 

"Development of DNA Probes to Differentiate Sibling
 
Species of Anopheles dirus and An. maculatus'
 

Dr. Sakol Panyim, Mahidol University
 

OComparative Longitudinal Studies of Malaria Vector
 
Infection Rates 
in Different Ecological Areas"
 

Dr. Chusak Prasittisuk, Department of Communicable
 
Disease
 

10.00 Coffee Break
 

Part 2
 

10.3U "Comparison of 
Two In Vitro Techniques for Culture of
 
Plasmodium falciparum"
 

Dr. Udom Chitprarop, Malaria Center, Chiang Mai
 

"Antigenic Diversity of Plasmodium Vivax"
 
Dr. Srisin Khusmith, Mahidol University
 

Improvement of Bacterial Agents for Control of
 
Mosquito Vectors'
 

Dr. Somsak Pantuwatana, Mahidol University
 

12.00 Lunch
 

Agriculture and Natural Resources Projects 
 Room B
 

08.30 Panel Discussion on Tissue Culture
 

Part 1
 

'New Variety of Rice for Saline and Acid Soil Through
 
Tissue Culture'
 

Ms. Montakan Vajrabhaya, Chulalongkorn University
 

'In Vitro Conservation and Germplasm Exchange of
 
Bamboo*
 

Dr. Paiboolya Gavinlertvatana, Kasetsart University
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'Development of Methodologies for Cowpan Tissue
 
Cultureo
 

Dr. Ponpimon Suriyajantratong, Khon Kaen University
 

10.00 Coffee Break
 

Part 2
 

10.30 "Biotechnology Application for Characterization and
 

Selection 	for Better Yielding Rubber Clonesw
 
Dr. Rapepun Wititsuwannakul, Prince of Songkla
 

University
 

'Tissue Culture of Teak"
 

Dr. Apichart Kaosa-ard, Teak Improvement Center,
 

Lampang
 

12.00 Lunch
 

Short Papers
 

13.00 	 'Natural Insecticides for Spodoptera litural
 

Dr. Pichaet Wiriyachitra, Prince of Songkla
 

University
 

"Changes of Cyanogenic Glycosides and Related Enzymes
 
in Cassava Roots During Storage and Processing"
 

Dr. Montri Chulavatnatol, Mahidol University
 

'Utilization of Cassava and Cassava Waste Through
 
Fermentation Technology*
 

Ms. Napha Lotong, Kasetsart University
 

"Hybridization of Halotolerant Yeast for Alcohol
 
Fermentationo
 

Ms. Savitree Limtong, Kasetsart University
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Appendix II
 

LIST OF PARTICIPANTS
 

H.M. Fifth Cy,:le Commemorative Conference of
 
USAID Science Award Grantees
 
Whale Hotel, Nakorn Pathom
 

July 24-26, 1987
 

Invited Guests
 

1. 	 Dr. Udom Dechmani, Department of Agriculture, Ministry of
 

Agriculture and Cooperatives
 
2. 	 Dr. Nipon Wongvisetsirikul, KMIT-L, Bangkok
 

3. 	 Dr. Thira Sutabutra, Kasetsart University, Bangkok
 
4. 	 Dr. Thiraphan Bhukaswan, Department of Fisheries, Ministry of
 

Agriculture and Cooperatives, Bangkok
 
5. 	 Dr. Terdthai Vatanatham, Prince of Songkla University, Songkla
 

6. 	 Dr. Jariya Boonjawat, Chulalongkorn University, Bangkok
 

7. 	 Dr. Sumalee Pichyangkura, Chulalongkorn University, Bangkok
 

8. 	 Dr. Maitree Duangsawasdi, Department of Fisheries, Ministry of
 

Agriculture and Cooperatives, Bangkok
 

9. 	 Dr. Phanna Waikakul, ihon Kaen University, Khon Kaen
 

10. 	 Dr. Intarachai Hovichitr, 'hon Kaen University, Khon Kaen
 

11. 	 Dr. Uthai Charanasri, Bangkok Flowers Center Co., Bangkok
 

12. 	 Dr. Kamphol Adulavidhya, Kasetsart University, Bangkok
 

13. 	 Dr. Morakot Tanticharoen, KMIT-T, Bangkok
 

14. 	 Dr. Makumkrong Poshyachinda, Chulalongkorn University, Bangkck
 

15. 	 Dr. Avudh Srisukri, Chiang Mai University, Chiang Mai
 

16. 	 Dr. Thiraphat Vilaitong, Chiang Mai University, Chiang Mai
 

17. 	 Dr. Narongchai Akrasanee, IFCT, Bangkok
 

18. 	 Dr. Tipaporn Limpaseni, Chulalongkorn University
 

19. 	 Dr. Thalerng Thamrong-Nawasawat, STDB
 
20. 	 Dr. Yongyuth Yuthavong, NCGEB, Ministry of Science, Technology and
 

Energy
 
21. 	 Dr. Chuckree Senthong, Chiang Mai University, Chiang Mai
 

22. 	 Dr. Serene Piboonniyoin, Manidol University
 
23. 	 Dr. Chuvit Sukprakarn, Department of Agriculture, Ministry of
 

Agriculture and Cooperatives
 
24. 	 Dr. Patcharee Chaisith, Khon Kaen University, Khon Kaen
 

25. 	 Dr. Thavon Vajrabhaya, Graduate School, Chulalongkorn University,
 

Bangkok
 
26. 	 Dr. Tavee Lertpanyavit, Chulalongkorn University, Bangkok
 

27. 	 Dr. Swang Wangboonkong, Department of Agriculture, Ministry of
 

Agriculture and Cooperatives
 
28. 	 Dr. Pachernchai Chaiyasith, KMIT-L, Bangkok
 

29. 	 Dr. Suthat Julsrikraival, Mahidol University, Bangkok
 
30. 	 Mr. Ariel Kasem, Israel Embassy, Bangkok
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Agriculture and Natural Resources
 

1. 	 Dr. Thipmani Paratasilpin, Chiang Mai University

2. 	 Dr. Soonthorn Duriyaprapan, TISTR, Bangkok
 
3. 	 Dr. Panas Buranasi 1pin, TISTR, Bangkok 
4. 	 Dr. Sanyan Tanpanich, TISTR, Bangkok 
5. 	 Dr. 
Sumrit Feungchan, Khon Kaen University, Khon Kaen
 
6. 	 Mr. 
Taweekiat Yimsawat, Khon Kaen University, Khon Kaen
 
7. 	 Mr. Sorot Chindaprasert, Khon Kaen University, Khon Kaen
 
8. 	 Dr. 
Vichitr Benjasil, Department of Agriculture, Ministry of
 

Agriculture and Cooperatives
 
9. 	 Mr. 
Thanom Dao-1igarm, Department of Agriculture, Ministry of
 

Agriculture and Cooperatives
 
10. Dr. Kovith Yantasath, TIsTR, Bangkok
 
I]. Dr. Suthijed Chandrasiri, TISTR, Bangkok
 
1-. Dr. Winai Supatnakul, TISTR, Bangkok
 
13. 	 Dr. Nantakorn Boonkerd, TISTR, Bangkok
 
14. 	 Dr. Prayoon Swatdee, TISTR, Bangkok 
15. 	 Dr. Somporn Choonluchanon, TISTR, Bangkok

16. 	 Dr. Malee Suwana-adth, Kasetsart University, Bangkok
 
17. 
 Dr. Poonpilai Suwannarit, Kasetsart University, Bangkok

18. 	 Dr. Yupa Mongkolsuk, Kasetsart University, Bangkok
 
19. 	 Dr. Rapeepun Chewatanasuk, Kasetsart University, Bangkok
 
20. 	 Dr. 
Tanusara Vinotai, Kasetsart University, Bangkok
 
21. 	 Dr. enchai Vasuvat, Dep tment of Agricultue, Ministry of
 

Agriculture and Cooperatives
 
22. 	 Dr. Omsub Nopainornbodi, Department of Agriculture, Ministry of
 

Agriculture and Cooperatives
 
23. 
 Ms. Supaporn rhamsurakul, Department of Agriculture, Ministry of
 

Agriculturc and Cooperatives
 
24. 	 Dr. Ben 
awan Rerka!'em, Chiang Mai University, Chiang Mai
 
25. 	 Dr. Sak&rindr Bhumiratana, NCGEM/KV"? :, Bangkok
 
26. 	 Dr. Paiboolya Gavinlertvatana, Kasetsart University, Bangkok
 
27. 
 Dr. Pranom Prutpongse, Kasetsart University, Bangkok

28. 	 Dr. Ponpimon Suriyajantratong, Khon Kaen University, Khon Kaen
 
29. 	 Dr. Sumonthip Boonnag, Khon Kaen University, Khon Kaen
 
30. 	 Dr. Wanwali Athiwatpong, Khon Kaen University, Khon Kaen
 
31. 	 Dr. Rapepun Wititsuwannakul, Prince of Songkla University, Songkia

32. 	 Dr. Lerluck Buranakarl, Kasetsart University, Bangkok
 
33. 
 Dr. Apichart Kaosa-ard, Teak Improvement Center, Lampang

34. 	 Dr. Pimchai Apavatjrut, Chiang Mai University, Chiang Mai
 
35. 	 Dr. Pichaet Wiriyachitra, Khon Kaen University, Khon Kaen
 
36. 	 Dr. Montri Chulavatnatol, Mahidol University, Bangkok
 
37. 	 Dr. Somsak Ruchirawat, Mahidol University, Bangkok

38. 	 Dr. 
Savitree Limtong, Kasetsart University, Bangkok
 
39. 	 Dr. Wichien Yongmanichai, Kasetsart University, Bangkok
 
40. 	 Dr. 
Pramote Tammarate, Kasetsart University, Bangkok
 
41. 	 Dr. Manee Tantirungkit, Kasetsart University, Bangkok
 
42. 	 Ms. Napha Lotong, Kasetsart University, Bangkok
 
43. 	 Dr. 
Busaba Yongsmith, Kasetsart University, Bangkok

44. 	 Dr. Vichien Kitpreechavanich, Kasetsart University, Bangkok

45. 
 Dr. Prasartporn Smitamana, Chiang Mai University, Chiang Mal
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46. Dr. 	Renu Pinthong, Chiang Mai University, Chiang Mai
 

47. Dr. 	Aran H. Kittikun, Chiang Mai University, 7hiang Mai 

48. Dr. 	Niphone Thaveechai, Kasetsart University, Bangkok
 

49. Dr. 	Jiamjit Boonsom, Department of F'isheries, Ministry of
 

Agriculture and Cooppe it ives 

50. Dr. 	 Shabtay Dover, israel 
51. Dr. 	Chuntana Suwanthada, Chiang Mai University, Chiang Mai
 

52. Dr. 	Sacha Sethaputra, Khon Kien University, Khon Kaen 

53. Dr. 	Amnat Apichatwallop, Khon Kaen University, Khon Kaen 

54. Dr. 	Somnchet Tinapomy, Khon Kaen University, Khon Kaen
 

55. Dr. 	Tipvadee Attathom, Kasetsart University, Nakorn Pathom
 

56. Dr. 	Sudawan Chaeychomsri, Kasetsart University, Nakorn Pathom
 

57. Dr. 	Ed Sarobol, Kasetsart Univprsity, Bangkok
 

58. Dr. 	Chareinsak Rojanaridpiched, Kasetsart University, Bangkok
 

59. Dr. 	Thanakorn Uan-oi, Mahidol University, Bangkok
 

60. Dr. 	Jar:tip Janprasert, Knon Kaen University, Khon Kaen
 

61. Ms. 	Tnidarat Eksittikul, Mahidol University, Bangkok 

Health and Life Scieices 

1. Dr. 	Choti Theetraicit, Chiang Mai University, Chiang Mai
 

2. Dr. 	Kamthorn Thamprasert, Chiang Mai University, Chiang Mai
 

3. Dr. 	Lertlakana Bhoopat, Chiang Mai University, Chiang Mai 

4. Dr 	 Sanit Makonkawkeyoon, Chiang Mai University, Chiang Mai 

5. Dr. 	Kavi Ratanabanangkoon, Mahidol University, Bangkok 

6. Dr. 	Suthipant Sarasombat, Mahidol University, Bangkok
 

7. Dr. 	Napatawn Banchuir, Mahidol University, Bangkok
 

8. Dr. 	Nitaya Thammapalerd, Mahidol University, Bangkok
 

9. Dr. 	Savanat Tharavani), Mahidol University, Bangkok 

10. Dr. 	Stitaya Sirisinha, Mahido. University, Bangkok
 

11. Dr. 	Surasakdi Wongratanacheewin, Mahidol University, Bangkok
 

12. Dr. 	Prasert Sobhon, Mahidol University, Bangkok
 

13. Dr. 	Vithoon Viyanant, Manidol University, Bangkok
 

14. 	 Dr. Maleeya Kruatrachue, Mahidol University, Bangkok
 

Thanit Kusamran, Mahidol University, Bangkok
15. 	 or. 

16. Dr. 	Vinai Suvatte, Mahidol University, Bangkok
 

17. Dr. 	Chantapong Wasi, Mahidol University, Bangkok
 

18. Dr. 	Subharee Suwanjutha, Ramathibodi Hospital, Bangkok
 

19. Dr. 	Kanda Vathanopas, Ramathibodi Hospital, Bangkok
 

20. Dr. 	Pilaipan Puthavathana, Ramathibodi Hospital, Bangkok
 

21. Dr. 	Chumpol Pholpramool, Mahidol University, Bangkok
 

22. Dr. 	Sakol Panyim, Mahidol University, Bangkok
 

23. Dr. 	Sumalee Tungpradabkul, Mahidol University, Bangkok
 

24. Dr. 	Chusak Prasittisuk, Ministry of Publich Health
 

25. Dr. 	Sukkid Yasothornsrikul, Ministry of Public Health
 

26. Dr. 	Somthas Malikul, Malaria Division, Ministry of Public Health
 

27. Dr. 	Malinee Prasittisuk, Malaria Division, Ministry of Public Health
 

28. Dr. 	Nilobol Therasilp, Malaria Division, Ministry of Public Health
 

29. Dr. 	Somsak Krachaikun, Malaria Division, Ministry of Public Health
 

30. 	 Dr. Suchart Poatipongse, Malaria Division, Ministry of Public Health
 

Dr. Srisin Khusmith, Mahidol University, Bangkok
31. 
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32. 
 Dr. Somsak Pantuwatana, Mahidol University, Bangkok

33. Dr. Amaret Bhumiratana, Mahidol University, Bangkok

34. Dr. 
Prapon Wilairat, Mahidol University, Bangkok

35. Dr. Vina Churdboonchart, Mahidol University, Bangkok

36. Dr. Wanlop Chusattayanond, Mahidol University, Bangkok

37. Dr. 
Chantakorn Shutidamrong, Mahidol University, Bangkok

38. 
 Dr. Somphong Sahaphong, Mahidol University, Bangkok

39. Dr. Vicharn Vithayasai, Mahidol University, Bangkok

40. 
 Dr. Dhirayos Wititsuwannakul, Mahidol University, Bangkok

41. Dr. Udom Chitprarop, Malaria Center, Chiang Mai

42. Dr. Supaporn Ratanatnarn, Mahidol University, Bangkok

43. 
 Dr. Pornchai Matangkasombut, Mahidol University, Bangkok

44. Dr. Watchara Kasinrerk 
45. Dr. Chakrit Hirunpetcharat
 
46. Dr. 
Sakchai Det-trairat
 

Engineering Science
 

1. Dr. 
V.K. Jinda, Asian Institute of Technology, Bangkok

2. 
 Dr. V.G. Reyes, Asian Institute of Technology, Bangkok

3. Dr. Pojanie Khummongkol, KMIT, Bangkok

4. D'. Damrong Khummongkol, KMIT, Bangkok
5. Dr. Thavachai Thivavarnvongs, Khon Kaen University, Khon Kaen
6. Dr Winit Chinsuwan, Kh n Kaen University, Khon Kaen
7. Dr. Suchart Ngaecharoenkul, Khon Kaen University, Khon Kaen
 
8. Dr. Benjamas Chattony, KMIT, Bangkok

9. Dr. Bundit Fungtamnnasan, KMIT
 
10. 
 Dr. Sacha Sethaputra, Khon Kaen University, Khon Kaen

11. Dr. Amnat Apichatwallop, Khon Kaen University, Khon Kaen

12. 
 Dr. Somchet Tinapong, Khon Kaen University, Khon Kaen
 

AID/SCI, Washington, D.C. 

1. Dr. Howard Minners
 

USAID, Bangkok
 

I. 
 Dr. John R. Eriksson
 
2. Mr. Robert F. Barnes
 
3. Dr. Gordon L. Hiebert
 
4. 
 Dr. Jaroon Kumnuanta
 
5. Mr. Ronald Hammersley
 
6. Ms. Vimol Thammongkol
 
7. Ms. Veraanong Na Songkla
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Appendix III
 

PROGRAM GUIDELINES
 

The Different Programs:
 

Three different programs are supported by A.I.D.'s Office of the
 

Science Advisor:
 

Advisor
 

The Program in Science and Technology Cooperation (PSTC),
 

initiated in 198L, is a Congressionally-mandated activity of the
 

U.S. Agency for Internatiohal Development (AID). It seeks to 

stimulate new and innovative research on problems that confront 

developing countries, and is currently implemented through a 

system of hijhly competitive research grants which undergo 

scientitic peor review. 

U.S.-Israel Cooperative Development Research (CDR) Program is
 

new and separate AID initiative began in 1985. For several
 

decades, Israel -- a small developing country with few natural 

resources - has sot,,ht rapid growth and rural development based 

largely on technological innovation. Scientists from less
 

developed countries (LDCs) have expressed interest in Israeli
 

technology and in collaborating with researchers in Israel. The
 

U.S.-Israel CDR Program seeks to facilitate access to Israeli
 

scientific and technological capability to help solve signifi

cant problemLi that confront LDCs. It provides funding for
 

Israeli and LDC scientists to cooperate in joint research,
 

thereby strengtheninq the ability of LDC scientists to do such
 

research themselves. This program is also characterized by
 

intensive competitive, and :igorous peer review.
 

The Research Grants Program of the Board on Science and Tecbno
logy for International Development of the National Academy of 
Sciences (BOSTID Grants) - In 1969 the National Research Coun

cil (NRC) established BOSTID to help developing countries tap 

the scientific expertise of their own and U.S. scientists. In
 

the 1970s it organized a number of studies and workshops invol

ving both U.S. and less-developed country (LDC) scientists. The
 

BOSTID Research Grants Program supports research carried out by
 

developing country institutions in areas important for economic
 

development. Using AID funds, grants are made for specific
 

research projects in selected areas--grants of a general support
 

nature are not considered. The Committee on Research Grants
 

(CRG) determines project areas and approves grants.
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Areas of Research Emphasis
 

PSTC 
 U.S.-lsrael CDR 
 BOSTID
 

Major Emphasis

BiotechnoI ojy/Ir n1,ology Arid !.and Agricultures 
 Grain Amaranth
Plant Biotechnology 
 Plant Biotechnology 
 Tropical Trees
Chemistry for World Food 
 Chemistry for World Food 
 Biological Nitrogen
Needs 
 Needs 
 Fixation
Biomass Resources and 
 Biotechnology Related to 
 Mosquito Vector Field
Conversion Technology 
 Disease 
 Study
Biological Control 
 Biological Vector Control 
Rapid Epidemiological

Div.orsity of Biological 
 Genetic Diversity 
 Assessment
Re.;ources 
 Earth Sciences 
 Acute Respiratory
L ;s Emphasis Engineering 
 Infections in
Engineering Technology 


Children
 
Atmospheric, Ocean and
 

Earth Sciences
 

Proposal Development
 

Both the fUATC and the U.S.-Israel CDR Programs utilize a 
 two-stage reviewand appr .'-l process, involving, first, a preproposal, and thenproposal. Only a fullthose scientists whose preproposals, after review, havebeen detc mined to be potentnilly promising are invited to develop and 
submit full proposals.
 

The BOSTID Grants Program, however, does 
not 
 involve a pre-proposal
stage. 
Only fully developed proposals are accepted under this program.
 

Grant Amounts
 

The maximum 
grant allowed 
under the PSTC program is US$ 150,000, and
projects are expected 
to be completed within three years.
 

The maximum yrant 
allowed under the U.S.-Israel 
CDR Program is US$
250,000. Projects may last up to five years.
 

BOSTID Grants 
usually have a ceiling of US$ 
150,000, but, occasionally,
grants may be higher. Projects usually are 
expected to be completed with
 
three years.
 

There is no minimum size 
to grants under any of the programs.
 

Collaboration
 

All three 
programs strongly encourage collaboration in 
the research work
with foreign scientists and 
institutions where appropriate. 
 In the PSTC
and BOSTID 
programs, collaboration 
with American scientists is encouraged, but 
not actually required. In the U.S.-Israel CDR Program, collaboration with Israeli scientists and institutions is required.
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