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Abstract | | o

LY

7_ §2=!!£ rebaudiana is a smal; wild’ghrub giown in a certain aréaﬁ

of Péraguay. The ;waot substance called steiipside can be extracted from

its leaves. It was found that stevioside has sweet taste and can be consumed
i

as a\sgbstitute for sugar.

- Stevia rebaudiana is introduced to farmers in Thailand for growing
and exporting back to Janpan where it will be processed for oonsumption.
Howevexr, thexre is no o‘vidonoe of any serious study concerning economiocal
aya.agzioultuxal feasibility of substitution sugar by stevioside. Therefore,
the main purpose of this study is fohinvestigate the feasibility of substitutio
of sﬁggr by atoviogide in terms of agrioculture and economics. The effects

f

of-chgnioal fertilizer on the yield of Stevia rebaudiana and the quantity of

benefi:_:ﬁf ﬁhbstitution sugar by steviosido aro atudied. :

?ho results of the study show that nitrogen tortilizer inoroasos

'vthé yield or Stevia rebaudiana as well as tho quantity of ltovioaide. Tho

suit . hle ar¥ea in Thalland for Stevia rebaudiana planting is approzimately

}Ofiiis“rai. The production of stevioside for commercial purpose in Thailand,
howbvg:,‘qoema‘not to be feasible due to high invesiment for prooqsliﬁg'

in qqypg:ision with the cost of sugar production,
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Chapter 1

Bin;e early 1980 (The nation economic development board office of
the grine minister, 1980), because of drought. The impact of this
,erisis affected not only for the industrial sector but also the
1oca1 consumption. The industries using sugar as a raw material
were%aware of this problem and tried to stock sugar that causes the
situition muck worse. The trend of sugar consumption in the ‘¢ountry is
increased by the population growth and the expansion of using sugar
in i#dnstries. The average of the yopulation consumption and indus-
trial production during 1967/68 - 1976/77 are 29.58 and 8.68 percent
respectively (The Farmer Bank, 1978). In the production peroid of
1976/77, the industrial consumption is about 101, 358 metricton and
about 46,689 metricton are used in syrup and beverage industries,
??ggaﬁﬁin§ of 41,426 metricton are used in milk industry. About
19?52§% é@h 1125.08 metricton are used in alcoholic production and
ph&:gaceutical production respectively,

Cos
R

4 Recently, alcohol deriving from crops has proved to be a

proézaing sources of onorgy replacing sutomobiles fuel which mainly
i

i
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imported from the foreign countries and caused a tremendous amount
of trade deficit for our country. Nevertheless, the gasohol will

likely have a repercussion on sugar production in a near future,

Since sugar is a source of high energy and sweetness, that
causes fat. The scientists have tried to find the way to synthesis
the substance which gives sweet taste but has less energy. Saocharine

and cyclamaie are first synthesized.

Saccharine is an organic aromatic compound which has the
cheni¢al name O - sulphobenzoic imide (CSHASOECONH). It is the
synthetic substance from ~benzene and anthranilic acid. It is a
colourless solid and has the metting point 224°C, Saccharine is 550

times sweeter than sugar but it is not worth in nutrition.

Cyclamate is in the form of calcium cyclamate (C6511NHSOB)2°

Ca.2H20 and sodium cyclamate (C6HllNHSO .Na). It is solid and it is

>0
300 times sweeter than sugar (Jatamara, 1979).

Although these synthetic .substances are sweeter than sugar,
the investigation of the Food and Drug of America association reported
that cyelamate caused cancer in mouse's bladder and have harmful
effect for human consumption. Researches are still conducted by

scientists and they found that dtcva. rebaudiana can substitute

sugar,



S. rebaudiana is a plant which its leaves give sweet taste.
The extraction of leaves gives a colourless solid called stevioside.
Stevioside is 300 times sweeter than sugar, non-toxic and gives low
energy (Jeravong and “Puntivatana, 1977). Stevioside can be used
in medicinal, food and beverage industries., If Stevioside can
substitute sugar in some parts of industrial use;_ 1l of all sugar
production (The Farmer Bank, 1978), the sugar pricz may be decreased

and sugar will be adquate.

1.2 The purposes of study

1. To study the effect of chemical fertilizers on yield
and quantity of sweet - substance.
2. To study the extraction of sweet .substance.
~ The usefulness and toxicity of sweet .substance.
. -i 3¢ To study the potential land suitability for growing

S - rebaudiana,

L. To study the capability of S, rebaudiana production.
5 To study and compare the cost and benefit between

\\\ S. rebaudiana and sugarcane.

1.3 The scope of study

e Field experiment was carried out in the North of
Thailand at Chiengrai Land Development centre, Chiengrai province
because of the suitable physical condition such as temperature and
the conture line level above mean sea level. Besides experimental
facilities such as; field experiment, labours can easily supply

overthere,
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2. The chemical fertilizers (25 kg/rai) : Nitrogen
fertilizer (urea - 46 % N), Phosphorus fertilizer (super
phosphate - 20 % P205), Potassium fertilizer (potassium chloride-~
60 % Kéo) and complete fertilizer (15 - 15 - 15) grade, are used
in the experiment by comparing the yield of each fertilizer with
complete fertilizer that farmers have used and by finding the
suitable fertilizer that increases the yield of the sweet substance.

3. Hiroshi Kohda, et al.'s technique was used for the
extraction,

4, The extraction was carried out only for the first

hareesting.

1.4 The method of study

e To study tne etfect of chemical fertilizers on

yield and guantity of substance.

Randomized complete block design with 5 treatments
and 4 replications was used in this investigation.

2o To study the extraction of sweet substance.

The extraction was carried out in laboratory by
using the technique of Hiroshi hohda, et al.
3. To study the potential land suitability for

growing o. rebaudiana.



The method used was the overlay technique by taking the
distributing factors of natural environment to lay on each others
for consideration which areas are suitable or not for the purpose by
using the different colour tone. The suitably environmental
condition by mean of superimposition of the relevant thematic maps :
the irrigation map of Thailand, the average temperature map and
the gemeral soil map of Thailand, on the topographical map of
Thailand was used as basemap.

k. To study the capahilitj of S. rebaudiana production

The study was obtained by field experiments and
sociological method.

5« To study the comparison of the cost and benefit between

§.,;gpa&digggﬂandmsugarcage.

The study was conducted by analysis of socio-economical
data and research documents.

1.5 The expected results

1. If the extracted sweet substance (stevioside)
is useful and can .gubbtitute sugar, it will reduce the price of
sugar consumption because it will be used in industries.

2 It can substitute saccharine, a synthetic
substance which is harmful for a daily consumption.

3« It could be a cash crop and could increase the
farmers income in the North because Yield and benefit are expectantly

high and this will take less risk in irvestment.



b,
5.
6.
7.

Allocation of suitable areas.
Proper prediction on the B/¢ ratio .
Reduction of the industrial input.

Increasing Gross National Production of

incréasing the exportation of sugar.

6



Chapter II

2. Botanical and Chemical Studies from the Literatures and

Researches.

2.1 General Characteristies of Stevia rebaudiana

Stevia rebaudiana is a small wild shrub of the composite
family and is found in cértain areas of Paragusy know: locally as
kaa-he-e. Because of the remarkable sweetness of its leaves, the
investigation of 'botan'ical, physical and chnemical characteristics
are conducted for many years. Initially Eupatorium rebaudiana was
named by Bertoni in 1899, This relatively rare plant was later
recognized by him as belonging to the genus Stevia and was given the
name Stevia rebaudiana Bertoni (Wood, Harry B, et al. 1955). Se
rebaudiana is grown in marsh at 400~500 meter above mean sea level
(Siam Rat, 1980) at the latitude 21-61° (Aupakig, 1980). It is a
wild shrub, 16-14 inch high. It bears leaves which are opposite,

simple, lanceolate - oblong finely serrate and 1% to 3 inch in length.

Stevia rebaudiana needs earing, adequate supply of

water throughout growing season and light. The suitable temperature
is about 20-25°C. It will grow and give the highest yield in the
peroid of February till June. If the water overflows, the yield will

be decreased (Kovitangkul, 1979).

There are two methods for planting.



l. Growing from seed in seed bed. It takes 10-15 days
from seed to seedling, anc can be transplanted when it has 6-8

leaves at 120 day=-old.

2. Subdivision of the twig in seed beed for 20 days

and then remove to the field. After 90 days, it can be harvested.

The land preparation should be as fllowing : The plot
are 15 cm. high, 110 cm. wide and spacing 60 cm. between plots.

~ S. rebaudiana is planted in zigzag for 4 rows and its spacing is

30 x 30 cm. which is easy for weed control. According to this
method, the amount of 14,000 of S. rebaudiana can be-grown in one
rai. The soil must be fertile with organic matter, moisture and

well drained.

The first harvesting by priming could be start at
3-3)2 month-old. The priming should not be too low, but should
remain some leaves- to branch for the next priming. Harvesting

can be done every 35-40 days. 1In one year, S. rebaudiana can be

harvested for 5-6 times (Kacitangkul, 1979).

2.2 The usefulness of Stevia rebaudiana

The special characteristic of §, rebaudiana is that
leaves give sweet taste. The sweet substance from the extraction

called stevioside is not so worth in nutrition as saccharine. it



is acid, heat resistant, and 300 times sweeter than sugar (Merck
Index, 1976). Stevioside can be used inbeverage and pharmacentical
industries. The National Seminar in Japan in 1970 about the sugar
diabetes concluded that s5tevioside from S. rebaudiana prevented
the sugar diabetes (Aupakig , 1980).

2.3 The toxicity of stevioside

In 1966, Vignais and co-worker (Grant, DuBois E, et al.
1981) reported the results of a study concerning elucidation of the
mode of action of the respiratory toxin atractyligenin (Vignais, et al.
1966). Steviol, the aglycon of stevioside was included in their
studies. Surprisingly, in cell mitochondria, steviol was found to be
an even more potent inhibitor of ATP synthetase than atractyligenin.
Clearly, if steviOSide was converted.to steviol in vivo, significant
taxicity may be expected. LRecent results reported by Wingard and
co - worker suggest the likelihood that stevioside would be largely
converted to staviol in vivo and further that the steviol thus
produced would subsequently be complelely absorbed through the

gastrointestinal tract wall. Thus, as a result of a combination of

the vignais and Wingard work, it was hypothesized that stevioside

may be expected to exhibit significant acute toxicity.

The protection of stevioside nondegradable to stevial
was conducted by Wingard and cO-worker. The method was to replace
the glucose ester moilty with other groups of similar polarity without

loss of sweetness (Wingard, et al. 1980).
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2,4 Discovery and Chemistry of Steyioside

Chemical investigation of S, rebaudiana was started
more than éeventy years ago. In 1980, Rasenack!Wood Harry E. et 61,
19555 Bell F, 1954 ) extracted the leaves of this plant with hot
dlcohol an:iSolated a crystalline glycoside which on acid hydrolysis
afforded arnother crystalline product. Very little advance was made
at thatmtimé'because of unsystematic approaches and the lack of
suitable chemical teéhniques, however; their physical and analytical
constants\reported were still in doubt. In the following year,
Dieterich ( Bell, F, 1954 ) isolated two fraction from the water
extract of leaveé and twigs. A crystalline alcchol - soluble frac-
tion was called eupatorine, but an amorphous, alcohol ~ insoluble
part named rebaﬁdine. The real .progress in this field was made in
1931 by work of Bridel and Lavieille (Wood, Harry B, et al, 1955) .
They reinvestigated the alcohol extract of the leves and isolated a

pure, crystalline glycoside called stevioside.

This sweet glycoside was proved to Be 300 time as sweet as
sucrose (Merck Index, 1976; Jeravongvand tuntivatana 1977). It was
found to form a hydraté of indefinite composition, its water content
verying with atmospheric moisture. Hydrolysis of stevioside with 5%
sulphuric acid at 100°C afforded a crystalline aglycone and crystalline
D - glycose, while enzymatic hydrolysis, using either the digestive
juice or hepato‘- pancreatic juice of the vine yard snail ( Helix

~pomatia ), gave a different crystalline product and D -~ Glucose,
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However, this produét (&teviol) was found to be an isomer of the

one oblaifed sariier (isosteviol): In agreemeiiy with Bpidel and
fidvieille; Mosetting and Nes found that steviol could be {somerized
t6 isostevidl By treatment with acid, FElementary analysis indicated
the formular Cso 330 03 for aglycone and C}S Hey 018 for stevioside.
The sugar mohety was known to contain throe units of D - glucose. By
careful analysis of steviol and ifs aglycon; the French investigators

(Erich, 1955) were able to illustrate the hydrolysis as :
A - c
C38 HGO 018 + 3 HEO CZO H}O O3 +3 '6 H12 06

The chemical structure of stevioside was established in
1963 (Walter Handro, et al, 1977). It is related both structurally
‘and in biological activity to one groups of diterpene derivative
called "the gibberelline". It is a diterpenoic acid of kaurene type
with one glucdpyranqse unit attached to a carboxyl group and two
glucopyranose units linked Cfm» C2 and thence to an alcoholic hydroxyl
group as shown below :

onY oM oao¥

Ho on

“ 0 S

Stevioside (I) Keurene skeleton

b

ne . B QN O : Isasteviol, (V)
3 CoM s L} Lol
W Steviol (IV) oM
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Stevibgide (1) ﬁ&s found to be hydrolyzed by strong
alkali and upon Subsequent-aqidification with acetic acid, an
insoluble product called Wgtoviolbioside (II)" was obtained (Wood
Harry B, et al, 1955). Steviolbioside was proved to be a titratable
acid- and its IR absorption spéctrum showed the presence of a oarboxyl
groups. It was indicated by chemical evidence (Wood, Harry, B, ¢t al,
19;5)that carboxyl groups in both sﬁeviolbioeide and isosteviol is a
highlgﬁhindered one. Furthermore, the sugar residue removed by alkali

was recognized as levoglucosan (III), (1, 6 = anhydro'<g-D—glucopyranose)*

[+ oN
S, @ T ;{%H
othg] — ¢ oM
oH
. o r
do !
:[ cﬁfnlij
Ho‘i?ﬂ_ '
oW
——4C HpSCQQH
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It was shown that one glucopyranose group was attached at Cq, tp a
¢arboxyl group of aglycon unit because stevioside (I) practically
without reducing power, Since there remained another oxygen function
in the aglycon part, the two remaining glucose moieties should be

joined together in both stevioside (I) and steviolbioside (11).

Methylation of II followed by acid hydrclysis gave isosteviol
methyl ester and partially wmethylated sugars which werc identified by
paper chromatography as 2, 3, 4, 6, - tetra - 0 - methyl - D - glucose
and 3, 4, 6 - tri - 0 - methyl - D - glucose. The former was isolated
in crystalline form as 1 - azoatc derivative (Wood, Harry B, et, al,
1955), but the latter was obtained in crystalline form by cellulose
column technique of Hough and Wadman (Wood, Harry B, et al, 1955)..

The x - ray diffraction pattern of the latter confirmed its structure

by comparison with the authentic material.,

Steviol (IV) and Isosteviol (V) were found to be weakly
agidic compouncs. They werc assumcd by the Freach worker (Erich,1955)
to be either phenols or acidic hydroxy compounds because they could
be precipitated with carbon dioxide in aqueous, alkaline solution.
Since the glycoside contained rno tritratable group in contrast to the
aglycon and its isomers, it was ccncluded that the acidic group of
steviol is attached to the sugar moicty.

Isosteviol subliwmes in vacuo and can be distilled under

%

atmospheric pressure without decompositioh. The ultraviolet spectrum
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of isosteviol shows a maximum ot BOS'RyA_but curve of steviol is
lacking in maximum (Brich, 1955). Since isoéteviol form a semicap-
bazone, it contzins a carbexyl group. It can form an ester with
diazomcthane and can be reduced by lithium alumimium hydride to give

an alcohol, indicating the presence of a carboxyl group.

The abslolute configuration of steviol and isosteviol has
been described by correlation with other diterpenes and diterpens
alkaloids. Mosetting, et, al. (Erich, 1955) assigned the absolute
configuration of steviol and isostevicl as predicted in structures

v, V.
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Chapter III

3, Materigls and Methods

3.1 Cultivation

34161 The‘affect of chemig¢al  fertilizers on the yield and

Qdantity of sweet substance of S. rebaudiana.

3.1.17,1 Experimental arca

The experiment was coﬂducted on Nong Mot
s0il series* (soil‘mapping unit 55) at €hiengrai Land
Development Centre, in Chiengrai province. According
té the environment, it (S. rebaudiana) can be grown
and can give the higher yield than in the other
provinces in the North part of Thailand (Aupakig,
1980). Espceially this center is in the area of

recommendatiocn,

3.1.17.2 Experimental peroid

Date of plamting : 150 March 1981,

_ Date of harvesting : 55 June 1981,

3.17.1.3 Materials

3.7.7.3.17 Experigental plants

Threec thousand seedling of

* see in 3.7.1.5



Treatment 1
Treatment 2
Treatment 3
Treatment 4

Treatment 5

20, 21, 29

16

§. rebaudiana were grown at the age of one month.

. %3.141.3.,2 Chemircal fertilizers

Four kinds of chemical fertilizers
were applied : Nitrogen fertilizer - urea (46 % N),
Phosphorus fertilizer - super phosphate (20 % PZOS)’
Potassium fertilizer - potassium chloride (60 % KZO)
and complete fertilizer (15-15-15). The rate of each
fertilizer was 25 kg/rai and it was used compost as basal

fertilizer at the rate of 1,000 kg./rai. .
3.1.1.4 Methods

3.%.1.4.17 Experimental design

The experiment was set up in a
20 29
randomized domplete block design (RCBD) with 5 trcatments
and 4 replicationsZ.1 The size of each plot is 9#1.5 meter,
The spacing is 304£30 cm. The area was irrigated by furrow
system., The furrow is 30 cm. deep and 50 cm. wide. The
chemical fertilizers were applied by side dressing 20 day

after planting at the rate of 25 kg./rai. The treatments

are as following,

Control (Compost) (c)
Nitrogen fertilizer (Compost + urea) (CN)
Phosphrus fertilizer (compost + superphosphate) (CP)

Potassium fertilizer (compost + potassium chloride) (CK)
Complete fertilizer (compost + complete fertilizer)(CNPK)

see in Glossary.
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The treatments werc set at random ir each block replica-

tion as shown in Figure 1,

N
2
4 cx Po CP CN C CNPK | | Repl
1n
cn c ce CNPK cx Repl
c CNPXK CX cP CN Repl
cP C NS X cx || N C Rep

1, 12

Figure 1, Field layout of the experiment

3.1 01 05

3.1.1.4,2 Harvesting
12

The harvested areca was 0.9/8.h
square meter excluding the guard row;1as.
shown in figure 2. The cutting height was
about 12 - 15 cm. above base, weighcd and
recorded the fresh matter yield of stems and
leaves, and oven dry at 80°C for 48 haur.
Weirhting dry matter yield of leaves and twigs.

Statistical analysis

3.,7¢7.5.7 The effect’éf chemical fertilizers

to green weight of S. rebaudiana

see in Glossary.



18

L U —

A

4
q

X % %oy ¥ X XX X %X X R X X X X X XX X X X x ¥

%

X

X

HBaxvesting

ares

2

*-9 X 8e4 m

%

x

K

X

wwwnqz

——
W
o
i
area

re 2 The harvestin

-Fi



Table 1 The green weight yield of stems and leaves of

(gn/plot).

19

From the statistical analysis of

difference.

the green weight yield of stems and leaves

. 2
shown that treatments are mnon signiflcang

S. rebaudiana

From table 1, the average value

Treatments OIS ..} total average
I II IIT TV
C 7480 7165 6750 L4815 26210 | 6552.50 |-
CN 7950 295 6625 5065 28035 | 7008.75
cP 3420 7070 7765 6550 29805 | 7451.25
CK 6972 6265 7150 6655 27042 | 6760.50
CiHPK 8270 6925 6180 5225 26600 | 665C0.00
total. 39092 35820 34470 28310 | 137692
} * |
1 ; ‘——,E‘
C.Ve = 10.44k %

of cach treatment is very

close. Tt shows that each of chemical fertilizer (N,P,K and NPK) does

not affeet the yield to make any difference from control (C). It may

depend on.uanyfféctora,as following.

5, 22 see in Glossary.
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1, The quantity of chemical fertilizers

The studied soil is Nong mot soil geries (W.Van Der
Kevie and Yenmanas, 1972). The characteristic is reddish brown
lateritic soils, loam or sandyclay loam. The colour is grayish
brown of dark yellowish brown. The structupe is moderate of strong
blocks, well drainéd, the organic matter is medium, pH 5.0-6.0 3ince
the soil fertility was reduced due to planting for a long time, and

the ratc of chemical fertilizers used was still low (about 25 kg./rai).

2. The fertilizer application

- The properties of each chemical fertilizer which were
applied into soil are different. When urea is applied into soil, it
will be transfomed to ammonium carbonate by hydrolysis mechanism as

equation :

co (1.\”{2) 5t 2320 e (NHbr)ZC‘,03

This complex substance is not stable; it will change tovammonia and
carbondioxids. Soil is still moist while amnonia is changed to
ammonium ion (NHZ) which can bc absored by soil particles. To prevent
the loss of nitrgen, urea should be applied under soil surface.

When phosphorus fertilizer is applied, somc parts of phosphate is
easily soluted in water, and rapidly react with other nmatters in soil
to be another water-insoluble phosphatc compound which plant can uce
very little or can not use. The water soluble phOSphﬁte which 1is
available to plant will be absorbed about 80-90 percent by soil.

Only 10-20 percent of phosphate applicd can be available to plant,

Potassium chloride is water soluble when applied into soil and it
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gives potassium ion (k¥yand chloride ion (C1 )., Since clay particles
have plenty of negative charges, potassium ion that hgs positive
charges can be absorbed at the surface of clay particles. Thié
absorption is much enough to resist to water erosion, From the
characteristic of three kinds of fertilizer, it is found that ferti-
iiiers should be applied at specific area near rodts zone oOr under
soil surface, so the chemical fertilizers are most available. But

in this experiment, the fertilizer is applied by side dresging,
therefore most of them are lost and plant received very little, 80

the effeet of chemical fertilizers to yield is low.

Z, Plant nutrient requirement.

The time of fertilizer application should be the time
that plant neecd nutrient moot. The time of plant nutrient require-
ment of cach plant is different. The mogt annual plaﬁt predomirantly
sbsorb nutrients at least three peroid, There ared1)The first peroid,
from plant emergence to 30-45 day-old;plant needs nutrient so little
and slow because this peroid the root system is small. (2) This
peroid is branching stage and budding stage or about L5-60 day-0ld.
Plants grow rapidly. (3) The proid that plants are full growth and
arc forming secd or fruit, the nutricent requirement in this peroid

decreases till its maturity.

‘However,chemical fertilizers werc applied 20 day after
planting which is the time that plants need gutrient quite a little

bit in the experiment (Vacharotayan).
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2
From F.value of block in table 18, block is highly
13
significant because the exprimental area is un-unifomity according

to slope and some of soil surface was grade out.

3.14145,2 The effect of chemical fertilizers

to dry wight of S. rebaudiana.

The analysis of variance of dry
weight yiz1ld showed highly significant
differcnce as appeared in table 19. The

troatment Field shows in table 2.

Table 2 The dry weight yield of 3. rebaudiana leaves (gm/plot)

T ]

|
Treatments , leCk? !—w-~w‘~ total average

I I\ 111 P IV
c 860 859 851 790 3360 840.00
CN 1158 1078 1115 1024 4375 [1093.75
cp 1130 1122 865 935 4os2 | 1013%,00
CK 895 965 675 733 3268 | 817,00
CNPK 1 975 850 849 691 8370 842,50
total ! 5018 8474 4355 i 41728 18425
: ' : |

C.Vc = 7.89 %

.2, 13 see in Glossary.
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_From .Duncan's new multiple range teséﬁ it is shown that
the d;ylweights of nitrogen fertilizer treatment and phosphorus
fertilizer treatment are not significantly different, but is different
from compost treatment, potasﬁium fertilizer treatment and complete

fertilizer treatment shown in table P

Table 3 The Duncan's new multiple range test on the average dry

weight yicld of S. rebaudiana. -

_ average yield of
Treatments «05 DMRT.
dry weight

CN 1093475 a
CP - 1013,00 © a
CNPK 842,50 b
o _ 840,00 b
CK 817.00 b

e - -

To regard both green weight of stems and leaves and dry
weight of leaves is table 4, it is found that nitrogen fertilizer in
crease dry weight of leaves more than the others. The reason is that
nitrogen is an important element in various componnd of plant growth,
such as, it is an important compound of protein and chlorophyll in

plant.

7 See in Glossary. o
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Table_& The effect of fertilizer to the green weight yield of

stems and leaves and the dry weight yield of leaves

(gm/plot)
average green weight average dry weight
Fertilizer yield yield
Nitrogen (CN) 7008.75 1093.75
Phosphorus (CP) | 7451,25 1013,00
Complsete  (CNPK) 6650,00 842 .50
Compost (c) 6550,00 840,00
Potassium (CK) 6760.50 i 817.00
|

Phosphorus fertilizcr is important to stem and root
growth like nitrogen fertilizer, byt most parts of phosphorus ferti-
lizer is water soluble and usually fixed by soil particle, so that
it is not available for plantsf Consequently, the yield is lower
than nitrogen fertilizer., Complete fertilizer, which is expected to
give the highest yield because it consists of three essential elcments,
but it appecared that it giveé the lower yield because the complete
fertilizer hos lower amount of nutrients than single fortilizer., The
effect of compost and potassium fertilizer to the yield is rather low,
It is probably because the Nong Mot soil series has enough potassium,

so the plant does not respond to potassium fertilizer, ~



3,1¢1.5.3 The effect of chemical fertilizers

of substance.

Stevioside was extraded from ground.
dry samples of leaves (25 gm. each) as shown

in table 5.

Table 5 Weight of stevioside mg/25 mg.

4
Treatments| blogk i | total average
T
I I1 IIT IV
c 987.9 | 730.0 | 879.1 | 839.0 3436,0 859,00
CN 937,3 | 89k, b [1155.3 | 737.0 | 3524.0 881,00
CcP 956.7 694,3 | 833.6 | 804.0 3288.6 822.15
CK 990.1 | 966.3 | 997.k {955.3 | 3909.1 977.20
CNPK 919.6 | 768.4 [1038.6 |955.2 3681.8 920,45
-
total |4591.6 [4053.4 1490k,0 | 4290.5 1783%9.6 | ;

C.V, = 12.26 %

From analysis of variance in table 20 there is no
significant difference among treatments and blocks. However, if the
amount of stevioside per plot are compared, it is significant as

shown in table 6 and 7.
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Table 6 The stevioside weight (mg) per plot.
blocks
Treatment : —- total |average
I IT 111 1V

o 33983,8 | 25082.8 | 29924.6 | 26512.4 115503.6] 28875.9
CN L4314 ,3 | 29938.2 | 3717846 32931,8 | 144362,9| 36090.7
CP 44752.5 | 43367,5 | 34510.0 | 35728.2 | 158338.2| 39589.6
CK 32921,7 | 29660.2 | 28042,2 | 28006.5 118630.6} 296577
CNPK 28754,7 | 30409.9 | 39234,0 | 2051841 118916 .41 29729 .1

total [184727.0 N58458,3 1688894 [143697.0 1 655771.7

| |

Co Vo = 14,2 %

The result of statistical analysis (table 20) shows

that phosphours fertilizer treatment gave the highest quantity of

substance/plot, and is significantly differcnt from complete ferti-
lizer, potassium fertilizer and compost, but non-significant to
nitrogen fortilizer treatment. Nitrogen fertilizer gives thae lower

quantity of substance and is not diffcrent on quantity of substance

from complete fertilizer, potossium fertilizer and compost,
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Table 7 The Dunecan's new multiple range test on the average

yield of stevioside,

Treatments z average (mg) .05 DMRT
cp 39589.6 a
CN 36090.7 ab
CNPK 29729,1 5
oK 29657.7 b »
: c | 28875.9 b |

The cxperiment resultes show that the import;nt factor
that make the different quantity of substance is the dry matter yicld
of S, rebaudiana. If the dry weight is high, the quantity is alsc
high in direct proportion rating ns showr in table 8. Nitrogen ferti-
lizer treatment has hisher dry weight but lower quantity of substance
than phosphorus fertilizer treatment, ond is not different from other

treatment, probably of protein rather than compound of substance, as

well as compost treatment that has higher nitrogen.
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Table 8 The rslationship between the average dry weight yielad

and the quantity of substance.

'

Treatments i dry weight yield' % quantity of substance,
' (ag) L05.DMRT | (1z) .05 DMRT.
.
CP 1013,00 a 39589 ,60 a
CN 1093,75 2 | 3509C,70 ab
CNPK 842,50 b %29729.10 b j
CK | 817.00 b %29657.70 E !
I
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3.1.2 Thespot ntlel pldnd 'suftdbili ty iof Stevia rebaudiana

praghetddnne p. 0 st an

The suitable conditions for growing S.rebaudiana are :

1. The suitable topographical elevation should

be between 400 - 500 meter above mean- sea

level (m.s.1.)

2. Optimum témperature is not exceeding 25°c.

v

3. Adequate supple of water throughout growing

season,

4. Well drained soil with sufficient amount of

orgamic

matter. (SiamRat,1980;Aupakig,1980),

3.1.2.1 Material

1.

Topographic map, scale 1:250,000;

Royal Thai Survey Development, sheet -
number NF 47 - 15, NE 47 - 2, NE 47 - 3%

NE 47 - 4, NE 47 - 5, NE 47 - 6, NE 47 - 7,
NE 47 - 8,

Thai irrigation map, scale 1: 2,000,000
from irrigation Department.

The average tempefature map, scale
1:5,000,000 from Meteorological Department
The general soil map, scale 1:1,000,000
Soil Survey Division, Départment of

Land Develdpment
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3,1.2.2 Method

The study of the potential land suita-

bility of S.rebaudiana productiion' used the overlaying technique (Pra-

satsari). The overlaying technique is the technique that taking the
distributing factors of natural environment +to ley on each others
and for consideration that thebafeas are suitable ornot for the pur-
pose by using the different colour.

3.1.2.3 The map overlaying technigue

In under to study the suitable area,
the topographic map scale 1:250,000, Thai irrigation map scale 1:2,000,000
the average temperature map scale 1:5,000,000 and the general soil
map scale 1:1,000,000. ﬁére’ooﬁsidéréd.i‘It was found that :

l. The contouf‘line(use contour. line
to ﬁsu$stitute the elevation) which is high above mean sea level in
the suitable topographic elevation is initial from Pare pfovince.

2. The optimum temperature is 25'0,)
since the lowest average temperature in the average temperature map
that used is 26°c the 26°c is used in this case to substilute 25°c.
Only 7 provinces which are in the boundary of this temperature are:
Chiengrai, Chiengmai, Lumphun, Lumpang, Phayao, Nan and Mae Hangson.

3. The discuésion of s0il characteris-
tics and the irrigated.areas are as follow..

The suitable areas were known, by laying the acetate
paper on the topographic map (scale 1:250,000) of 7 provinées that

mention above (base map). Draw the contour line and divide it into
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3 ranges : 300 - 400 ,400 - 500 and above 500 meter abowve m.s.l.
(This condition are set up because the presurvey in Chiengmai and
Chiengrai provinces was found that in Amphoe Sankampang, the contor
line is 366 - 400'meter above m.s.l. and also in Amphoe Pang, its

conton line is above 500 meter above m.s.l., 80 S.rebaudiana can be

grown there.) Then take the average temperature map scale 1:5,000,000
to overlay,kthe average temperature map is extended 2 times before
overlay) by using the Karge reflTecting projector. This machine can
extend theiextended map (the average temperature map) to be the same
scale with the base map, to get the areas in 2.that mention above.
Then take the general soil map gcale 1:1,000,000 and the irrigation
map scale 112,000,000 to overlay for knowing the expected areas that

could grow S.rebaudiana by cutting the unsuitable soil mapping until

in condition out.

After getting the expected areas for growing S.rebaudiana

the study of soil characteristics from the general soil map of Thai-
land (scale 1:1,000,000) as a soil Qapping units were studied. It
was found'that there are many soil types in the studying provinceé.
The detaiied desoription are below.

Description of soil mapping unit§6in the study areas:
- Soil mapping unit No 8; Loam}sustifluvents:
The soils in this unit occure on river levee
' of flood plain and moderately well drained

wd to well drained soils. Slope is about 2 -5

Organic matter content is modeyate.

15, 26 see ih Glossary

A
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| 25
- Soil mapping unit No,22; skeletal dystropepts:

This unit consists of shallow and well
drained soils. It isilow in agricultural
potential, Moat of them are under the
natural forest.

- s0il mapping unit No.24;claye;4calciustultaz
The soils in this unit are dark, clayey
and well drained. They occure in the
terrain of modérately slope. Generally,
layer of marl occure at deptn within 50 cm
from the séil surface. The gils are high
in iater holding capacity and in organic

.Soil mapping unit No 28; loamy ttropaqualfs: and

S0il mapping unit No.29; clayey tropaqualfas:

the soils in this unit, generally oceure
in the valley area in the North. CUrganic
matter content is moderate.
- =0il mapping unit No.3%4; loamy haplustalfs:
'his unit consists of thick and well
drained soils. It is high in agricultenal
potential and in potassium. Slope 1is low.

Soils mapping unit No,39; clayey haplustalfs:

The soils in this unit are clayey and
well drained. It is moderate in slope

and in organic.

4, 25 see in Glossary



- So0il mapping unit No_36;

- Soil mapping unit No.44;

- S0il mapping unit No 54;

- 501l mapping unit No, 55.

- S0il mapping unit No, 56;
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003614

skeletal haplustalfs:

This unit consists of shallow which deve-
lopment on the erosion surface of shale
and basalt. The slope is moderalely lpw.
The agrieultural petential is medertbe: to
moderately.

clayey paleaqualts:

This unit is somewhat poor to poorly
drained soils. Flooding occures during
fhe rainy season. It is low or moduately
low in organmic.

loamy paleustultss

This unit consists of thick and well
drained to moderately well dréined soiis.
It is low or moderately low in organic.
The agricultural patentiél is moderate.
clayey paleustults:

Phis unit consists of thnick, clayey and
well drained. It is occured in undulating
or foot slope. 1t is low in organic and
nutrient, water holding capacity is moduately
high. But it is moderately high to moderate
in agricultural potential

skeletal paleustults: and
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- S0il mapping unit No.59; skaletal haplustults:
‘The soils in this unit are shallow to
moderately shallow and consist of sand
and rock fragments, It usually occure on

- the erosion surface and terraces area and

foot/slope.-The agricultural potential
is low,

- So0il mapping unit No.62: olayey paleustults/loamy paleustultsx'
This unit is am association soil mapping
unit between soil mapping unit 54 and 55,

- 8o0il mapping'unit No, 69: clayey palehumults:
This unit consists of thick, clayey and
well drained. It occures in moderately
Lhigh slope. Urganic matter contept is high
and agricultural potential is moderately
high.

+ SUil mapping unit No.89; slope compléii

3:1.2.4 The highly potential suitability

for S.rebaudiana

50il charactereistics in 3.3.1 was known to be the suitable

kind of soil in growing S.rebaudiana. 1t must be well drained, adequate

of water but not flooded and slso must contain much orranic matter.
Rrom each s0il characteristic in the soil mapping units

that desoribed above, 1t was found that many, soil mappins units are

24 see in Glossary
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not suitable for growing S.rebaudiana. They are soil mapping units 16
(clayey. tropaquepts), 22 (skeletal dystropepts),36 (skeletal haplustalfs)
44 (loamy paleaquults) 56 (skeletal paleustults) 59 (skeletal haplustults)
and 89 (slope complex). Because the soil mapping units 16 and 44 are
flooded for a long t&méae. They are not suitable for growing. S.re-
baudiana which is shrub. If water overflows for a long time, Syrebau-
diana will be died. The soil mapping units 22,36,56 and 59 are well
drained, and soil texture consists of sand and rock fragments, and

it lacks of organic matter. Soil depression effect to root system and
make it die. So they are mot suitable.

The soil mapping units have moderately suitability gre
the soil mapping units 9 (loamy ustifluvents/clayey tropaqugpts) 28
(loamy tropaqualts), 29 (clayey tropaqualts),35 (clayey haplustalfs),

54 (clayey paleustults) and 62 (clayey paleustultsf loamy paleustults).
Because of the soil cnaracteristiss; organic matter content and ogri-
cultural potential are moderate to low.

The soil mapping units that have high suitability accord-
ing to the soil characteristics are the soil mapping units 8 (loamy
ustifluvents), 24 (clayey calciustolls), 34 loamy haplustalfs),55
(clayey paleustults) and 69 (clayey palehumults). Because of well
drained, soil texture, organic matter content is moderate to moderately
high and the agricultural potential is moderately high to moderate.

After :studyin; the soil characteristics in the studied

provinces we know the suitable provinces tor growing S.rebaudiana.
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Having the soil mapping units 56 all of area it.was
mention that S.rebaudiana cannot be grown in Mae Hong Son and Nan

provinces.

In Chiengrai province, $.rebaudiana will give the highest

yield invthe 80il mapping unit }4, 55 and 69, and will give the moderate
Yield in the soil mapping units 9, 29 and 62, However, the so0il mapping
units 29 is expected to give higher yield than the soil mapoing units

9 and 62 because it is the irrigated area.

In Chiengﬂhi province, S.,rebaudiana will give the highest

Yield in the soil mapping units 8 and 55 and will give the moderate
yield in the s0il mapping units 29, but it is the irrigsted area which
is expected to give the high yield.

In Lumphun province, S.rebaudiana will give the highest

Yield in the soil mapping units 8, 34 and 55, and will give the moderate
yYield in the soil mapping units 28 which @ expected to sive the high
Yield because ot being the irrigated area.

In Phayoa province, S.rebaudiana will give the highest

yield in the soil mapping units 55 and will give the moderate yield

in the s0il mapping units 29, where some part of this soil S.rebaudiana

can be grown and give the highest yield because it is an irrigated area.

In Lumpang province, S.rebaudiana will zive the highest

yield in the soil mapping units 8 and will five the moderate yield

in the soil mapping units 54,
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3.1.2.5 The land production evaluation

The production from suitable land

<

was evaluated by using grid lay on base map in the suitable area.

(the area that give the highest yield and moderate yield).

Although the potential area for S.rebaudiana cultivation

are around a vicinity of irrigation project, the consideration is

also given to the non-irrigated area which are grouped according

to topographical elevation, i.c.300-400 meter,400-500 meter and

over 500 meter above m.s.l.

»

The growing areas in each provinces are:

Iable -9 The growing areas in Chiengrai province

Location

*
Area (rais)

S0il mapping units

Irrigated areas

l. Mae Sai irrigation project
2. Mae Lao irrigation project

3. Dok Kham Tai irrigation project

Non-irrigated areas

1. 300-450 meter
2. 450-500 meter

3. ) 500 meter

70,000
166,000

12,000

2,408,250
62,500

125,000

29455
29,55

29,55

9929, 34,55
62

55,62

0.4 acre

*  raji-
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Chiengrai provinc; has an irrigated area about 248,000
rais whioh is under three irrigation projects,i.e.Mae Sai irrigation
project in Amphoe Mae Sai covered about 70,000 rais,Mae Lao irrigation
project is Amphoe Phan covered about 166,000 rais and Dok Kham Tai
irrigation project in Amphoe Dqk Kham Tai mainly form at in these areas.
Non-irrigated areas are grouped into three levels according to topo-
graphical g#ievation,i.e, 300-400,450-500 and over 500 meters above
m.s.l. which have an area about 2,408,250 rais,62,500 rais and 125,000
rais,respectively. Soil mapping units 9,29,34,55 are in the elevation
500 - 450 meters (cut the soil mapping units 69 @ut because of its
high slope),62 in the .elevation 450-500 meters and 55,62 in the

elevation over 500 meters above m.s.l. ’

Table 10 The growing areas in Chiengmai province.

Location Area (rais) Soil mapping units

Irrigated areas

Mae Taeng irrigation project
Mae Pake irrigation project 46,875 29
Mae Kwang irrigatioh project

Mae Sao irrigation project 10,000 29

Non - irrigated areas

1. 300 =400 meter 62,500 29
2. 400 - 500 meter 85,750 8

5¢ > 500 meter 109,375 8
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Chiengmai province has an irrigated area about 56,875
rais,'which is under four irrigation projects,i.e.Mae Taeng irrigation
pfoject in Amphoe Mae Taeng covered about 148,000 rais Mae Fake irri-
gation project in Amhpoe San Sai covered about 70,000 rais, Mae Kwang
irrigation project in Amphoe Doi Saket covered about 60,000 raié.
Since these irrigation project are in the soil mapping units 16,29
and 56, the suitable area is especially in the s0il mapping units
29, 8o the irrigated area is about 46,875 rais, Mae Sao irrigation
project in Amphoe Fank covered about 10,000 rais, soil mapping nmnits
is also 29, Non-irrigated areas are group into three level according
to topographical elevation, i.e. 300 - 400 meters,400 - 500 meters,
over 500 meter above m.s.l. and they h&ve ares about 62,500 rais,
83,750 rais - .-{ and 109,375 rai, ~respectively . Soil mapping units

8 and 29 are mainly found in these areas,

Table 11 ''he growing areas in Lumphun province

Location Area (rais) $0il mapping units

Irrigated areas

Mae Hade : 2,000 28,34

Non-irrigated areas

1. 300 - 400 meters 16,125 24,34

2. 400 - 500 meters 31,250 28,34

* Add Phayao preovince with Chiengrai province.’




40

Lumphun province has an irrigated area about 2,000 rais
which is under Mae Hade irrigation project in Ampoe {ﬁmng. Non ~
irrigated areas are grouped into two levels according to topographical
elevation, i.e. 300 - 400 meters, 400 - 500 meters above m.s.l. which
have an area about 76,125 rais and 31,2%0 rais, respectively. Soilv

mapping units 28 and 34 are mainly found in these areas.

Table 12 The growing areas in Lumpang province

Location Area (rais) Soil mapping units

Non - irrigated areas

1. 300 -,400 meter 171,875 8.54

2. 400 - 500 meters 15,625 54

Lumpang province has Chae Hom Dam but there has not
the irrigated area. Non - irrigated areas are grouped into 2 levels,
according to topographical elevation,i.e. 300 - 400 neter, 400 - 500
meters above m.s.l. which have an area about 171,875 rais and 15,625
rais, respectively. Soil mapping units 8 and 54 are mainly found

in these areas.
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3,2 Extractien and iselatien ef stevieside (Kehda, Hireshi, et

al, 1976)

Dried leaves and twigs ef S.rebaudiana (25 gm.) were
extracted with het methanel (500 cm.3) for 5 h. and the methanel
selutien was concentrafod te d;yness. A suspensien of the residue
in water (75 cc.3) was washed with ether (50 cc.}) and then
extracted with n-butanel (100 cc.3). After drying (magnesium
sulphate), the n-butanel selution was evaporate to dryness and
the residue was recrystalline from methanel teo give stevieside
as coleurless needles, m.p.195°¢ (1it 196-198°C)13vmax (?gjol)
3800-3150 (0-E), 1725 (C=0), 890 (execyclic C=CH,) en ), Comr
(25 unzcsn5u\+ cnc13, ppm), 15.29 (C-20), 19.34 (C-2), 20,48
(c-11), 21.9% (Cc-6), 28.12 (c-18), 36.30 (c-12), 38.20 (C-3),
39.66 (C-10), 40.74 (C-1), 41.50 (C-7), 42.48 (C-8), 43.83 (c-u);
44,21 (C-14), 47.35 (C-15) 53.69 (C-9), 57.27 (C-5), 61.8, 62.42
70,50, 71.14, 71.84, 73.47, 76.34, 78.56, 84,25 (C. ef sugar part),
85.82 (C-13), 95.36 (c-11), 97.42 (c-111), 104,41 (C-17), 106.36

1
1 )

(c-1" "), 153.98 (Cc-16), 176.85 (C-19).,

Hydrolysis of stevioside (I) with 10 % sulphuric
acid afforded isesteviol (V), as colourlrss crystals, m.p 231=
° -
233 C. vmax (Nujol), 1730, 1685 cm 1, (1it, m.p.231-2}3°6, 234°c)

Vmax (Nujel) 1742, 1695. e .
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- Discussion

Stevioside (I) was isolated by using the aforementioned

procedure and the yields were shown in bable 9

14
IR absorption spectrum indicated the presence of

- -1
carboxyl group at 1725 cm 1 and 0-E groups at 3800-3150 cm .
The peak at 890 cm~| showed a vibration of an

execyclic methylene group.

The isolated stevioside (I) melted at 195-197°C
(14it. 196-198°C). ‘

13 b,
The Onnr assignment by analogy to the literature

appears convincing (Table 10).

Hydrolysis of stevieside with 10 % Hasou gave isosteviol

(V), m.p.231-233% (1it 231-233°C) Vax (Nujol), 1742, 1695 em .

3, 14 see in Glassary.



Table 13 Yield (in mg.) of stevioside (1)

Sample Yield (mg)
IC 987.9
11C 730.0
IIIC 779.1
IVC 839.0
ICN 956.7

. TICN 694.3
IIICN 833.6
IVCN 8ok.0
ICP 990.0
1ICP 966.3
IIICP 997. b
IVCP 955.3
icx 919.6
1ICK 768,k
IIICK 1038.6
IVCK 955.2
ICNPK 737.3
IICNPK 89k, L

ITICNPK 1155.3
IVCNPK 737
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Table 14 013nmr chemical shift for steviosdie

“.nuub;r 5 ppm. from TMS
: “of -carhon in CgD N £ 63c13 in C;DN
¢ -1 40,74 40,70
2 19.34 19.20
3 38.20 38.10
b 43.83 43.90
5 57.27 5730
6 21.94 22,00
7 41,50 41,50
8 42,48 42,50
9 53.69 53.80
10 39.66 39.70 -
11 20.48 20.10
12 36.30 36.60
13 85.82 85.90
1% 44,21 L4,30
15 47.35 47.50
16 153.98 154.30
17 104,41 104,50
18 28.21 28.20
19 176,85 177.00
20 15,29 15.40
1;4 95.36 95.60
1 97.42 97.70
X g 106,36 106.50
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3,2,1 Characteristics of extracted solutions

In the procedure gf stevioside extraction, used 3

chemical subestances; methanol, nfbutanbl and ether., All of these

substances are toxic substances hécause of the specific characteris-

tics of them such as

1.

2.

‘Methanol or Methyl alcohol; wood spirit.

Action : Irritant and narcotic.
Toxic effects : Skin contact : Eczema and dermatitis.

vapour ¢ Irritation of mucous

‘of eyes and respiratory tract. Tracheitis, bronchitis,

conjunctivitis and blepharospasm. Headache vertigo,
timaitus. Nausea, gastric upsets. Muscular
twitchings. Oppression of chest. Visual disturbances.

Continued exposure leads to mania and blindness,

Ingestion : Fatique, headache

‘ and nausea., Visual upsets. Vomiting and diarrhea,

‘cyanosis._ Coma or excitement. Ataxia. Peripheral

neurities, with blindness. Pupils diluted. Death

lby respiratory failure, cordiac failure or uremia

following kidney damage.

i
i

n-Butanol or n-butyl alcohol

Use : As solvent for fats, waxes, resins, etc,
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Action : Mild irritant and narcotic.

Toxic effect . : BSkin contact : Dryness and
cracking, leading to bacterial infection.
Vapour Burniné of eyes, lacrimation,
photophobia., Turbidity of cornea may result.

Headache, excitement, mental confusion, somnolence,

lthgr

‘Action : Central Nervous System depressant,

Absorption : Absorbed after inhalation or ingestion.
Immediate absorptioﬁ from pulmonary

epithelium,

Toxic effect : High concentration : may irritate
the respiratory mucesa and cause
reflex ventricular fibrillatien
or heart block, Moderate inhala~
tion : may cause excitement and
excessive respiratory effort leading
to apnea and circulatory collapse.
Rise of blood pressure may cause
cerebrel hacmorrhage; Convulsions
occur rarely under deep anaesthesia

in children. Ingestion or inhalation

*
.
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of ether produces excitement followed
by unconsciousness and repiratory
paralysis. Neuromuscular blockade
may occur.

Industrial exposure : leads to
insomnia, marked irritability, loss
of appetite and comstipation, with

a moderate anemia,
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33 Marketing

30301 Costs and benefits of S . rebaudiana production

The practice was conducted in series : Firstly , the
farmers iﬁ many Amhpoes in Chiengrai province were intervieweq by using
stratified simple random sampling ( Madow , 1953 ) . Secondly , the
received datas were compared to the main data which used the average
costs and benefits of S. rebaudiana from the Office of Agricultural
Economic ( unplublished data from interviewing the farmers in Chiengrai
province ) . The result of the comparison was that the data is close
because the employment was-equal in price and the price of chemical
fertilizers and hormone were sold by the company . The data from the

Office of Agricultural Economic was showed in table 15.
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Table 15 The average costis and benefits of S.rebaudiana productien

in 1981/82 growing peroid.

List S.rebaudiana
The variable factors 10416.53
The costs in growing 965
- the land preparation 81.67
- the plant 800
- the cutting and growing 83.33
- the management in growing peroid -
The costs in management 1833.13
- crop replantation -

- weed control by manual and tilling 1475

- herbicide application 180
- fertilizers application 178,13
- water application -
The costs in harvesting 2659.29
- the cutting 1429, 46

-~ the transportation -
- get rid off the leaves and twigs 1299.83

- the management in harvesting -
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List

S.rebaudiana

The

agricultural material

- compost

- chemical fertilizer

- hormone

-~ the plant for crop replantation

-~ herbicide application for weed control

- the agricultural material, the price

18 lower than 100 baht

- transportation for’compost

-~ spray equipment for herbicide and hormone

- fuel

- the opport&rnily cost 13% for 1 year

The

fixed factors

- the renting land

- the repaired of agricultural material

y?he
The
The
The
~ The

The

cost of production per rai
preduction per ral

cost of production per kg.
price that formers sold (kg)
net benefit (kg.)

net benefit per rail

3884,.39

912
1960
150

270

14,72
300

277.67

1074,.72

1638.89

1500

138,89

12055.42

1180.59
10.21
20,00

979

11557.98
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Note 3. The land renting is calculatedifrom the rent in the local,

which is added the tax of estate and is calculated in the
growing peroid. Besides, the rent was calculated as pro-
duction by cakculating from the perdiction that farmers

sojé in the local,

2, The opportemity cost was calculated from the variable
factors which is added with eash and non-cash in the rate

13 % per year in the prowing peroid.
3. The plant was calculated as other crops in the local

4. Costs of hormone application was added with fertilizer

application,.
From table 15, it was found that in one year farmers earnd about
11557.98 bath/rai from growing S. rebaudiana

3.3.2 The exportation

PV

In the part of S. rebaudiana production in Thailand,

the Silp Udom Agriculteue company limited was known as the invester
by dividing the prbqedure in 3 branches : Field branch is responsible
for growing and harvesting. Factory branch will take the harvested
plant to oven and then press as a squar and Exportation branch export
the pressed S. rebandiana to the sweet substance extracted factory

in Japan (Siam Rat, 1980).
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According to the proceding in 1980, the company extended the
cultivated land about 300 rais in Amphoe Mung, Teng, Chiengkhong, Mae
Chan and Mae Sai, in Chiengrai,ﬁrovince and exported the production to
Japan about 35 tons., But in 1981, the company had a goal to exteng
the cultivated land to 3,000 rais, in Chiengrai province and abou¥
1,000 rais in Chiengmai aﬁd Lumphum provinces (Siam Rat, 1980). This
was shown that the fred of consumption of this plant in Japan is

/
respedively high.
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Chapter 1V

4., Results and Discussions,

1. The effect of chemical fertilizers

The results from statistical analysis showed that the
effect of chemical fertilizers (N, P; K and NPK) to yield of
S. rebaudiana wgs negligible because the average weight of green
stems and leawes was very close and non-significant., The resﬁlts
from statistical ;;alysis of dry weight was almost the same pattern,
except nitrgen and phosphorus treatments are highly significant
comparing with other treatments. The result of stevioside quantity

analysis (table 7) was found that itwas significant too, except

nitrogen treatment was not different from the other treatments,

It could be stated that chemical. fertilizer increased
yield of S, rebaudiana in both green weight and dry weight, but it
did not affect the quantity of stevioside, Therefore, the quantity
of substance/rai that would be more or bss depend on which chemical

fertilizers could increase yield of S. rebaudiana/rai in each location,

2o The suitable areas to grow S, rebaudiana

The suitable areas were divided into :
1o The irrigated areas at the level 300 - 400 meters
(300 = 450 meters), 400-500 meters (450-500 meters) abové m.s.l.

which have areas about 296, 875 rais and 10,000 rais, respectively.
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2, The non-irrigated areas at the level 400 - 500
" ‘meters (450 - 500 meters), 300 - 400 meters (300 - 450 meters) and .
over 500 meters above m.s.l which have areas about 193,125 rais,

2,718, 750 rau abd 234, 875 rais, respectively.

The suitable areas were the irrigated areas because
§°_rebaudiana required adequate water, and the soil fertility in the
irrigated areas is moderaté. Although this area is expected to give
the highest yield, thevelevation 400 - 500 meters (450 - 500 meters)
would give the yield more than the elevation 300 -~ 400 meters

(300 ~ 450 meters) above m.s.l

However, the non-irrigated areas in the different
elevation are expecéted to give the highest yield if that areas have
enongh water supply. The areas which are located at the elewation

of 400 - 500 meters (450 - 500 meters) would gi?e the highest yield.

3. The costs of extraction per kg, dry weight,

The cost of the stevioside extraction was about
5,480 bath per kg. (dry weight). It was included of methanol 2250
bath, ether 500 baht, n- butanol 510 baht, etectricity 40 baht,

labour 2160 baht and S. rebaudiana 20 baht/kg.

Note : methanol use 20 litre 2250 Dbaht.

: ether use 2 litre 500 baht,

¢ n-butanol use 4 litre

i

510 ©baht.
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4, The quantity of stevioside that was extraﬁted from all

product in the country.

From the experimental report, each blocks had an areas
of harvesting about 0.9 /w8.4 m2. The average yield was represented
by the CNPK experimental blocks. In one year the average dry weight
yield was about 2413.98 kg/rai. The sutable areas (396, 875 rais is
equal 11,20 % of the whole areas ) have an average dry weight yield about
362, 296, 625 kg/year. From extracts, 1 kg.dry weight receive stevioside
avout 36.82 gm. So the yield of stevioside that expected from the whole

country about 874, 576, 807, 827.50 kg./year.

The non-irrigated areas were the expecting areas that
could be potential in growing S. rebaudiana if it had the irrigation

project,

5. The areas that should be extended

The sugar produc¢tion in 1981, 195, 402,26 metriton, was
compared with the quantity of stevioside, expected to get from the
extraction in the country., The result was totally different. It was
showed that the extension in the suitable areas has an effect on
production and also on the price of stevioside dand farmers income. The
production control in the part of surplus stevioside must be boundary
in the irrigated areas, at the elevation 400 - 500 meters (450 - 500
meters) above m.sl. (Ih case of stevioside can be substituted sugar

in Thailand)
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6. The fertilizers that should be extended

Thg imformation that from the interviewed farmers
indicated that farmers who grew S. rebaudiana knew very little about
using fertilizer to . inerease production., The farmers should be
suggested to use the suitable fertilizer to inefeare the quality and
quantity. in production. From the experimental report about the
effect of fertilizers to yield and quantity of S.rebaudiana and
stevioside, it was shown that each fertilizer gave the different
yield. Nitrogen fertilizer increased dry weight more tham the other
fertilizers in the equal rate as well as phosphorus fertilizer increased

the substance more than the other fertilizer in the equal dry weight,

From extension in growing S. rebaudiana, the farmers should be suggesteh

to use nitrogenand phosphorus fertilizers more than potassium fertilizer
because: potassium fertilizer does not increase both dry weight and

substance in the experiment,

It was sure that Nong Mot soil series have potassium
nutrient in a high quantity, this wodld give potassium fertilizer
naturally, so the application of potassium fertilizer did not effect

the yield of S, rebaudiana.

7o The toxicity of wastes from extraction

In the extraction,the extracted substance would be leaked
in the form of vapaur and liguid, and this would effect living things

in the eﬁbironmental area especially to human being, by making an
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irritation and central nervous system.

8, The income from S.reboudiana production

The farmers who grow S. rebaudiana ,. would receive a
good income because S. rebaudiana could be harvested many times in

one year,
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Chapter V

5. Cong¢lusion and Recommendation

5.1 Conclusion
Stevioside, an extracted substance from S.rebaudiana and
occuring in a form of glycoside of diterpene, can replace sugar for
consumption, By -8tudying about the agriculture and economics of

S. rebaudiana, it was found that :

1. Feasibiiity of growing and extracting S. rebaudiana

in Thailand:

1.1 From studying about the potential land suitability
in growing S. rebaudiana, it was found that the Northern part of Thailand
in 5 provinces are : Chiengrai, Chiengmai, Lumpang,iumphun and Phaygo can gro
S. rebaudiana because these provinces have the suitable physical and
environmeutal requiréments c

1.2 From 'studying about the marketing, it was found
that S. rebsudiana is exported to Japan and the trend is gradually
increasing because the data expansion of cultivated land increasing
from 300 rais in 1980 to 3,000 rais in 1981 (Siam Rat 1980). By consider-
ing the farmers income/year, it was indicated that the rate was very
high, comparing with that of farmers who grow sugarcane (table 16).

Thus;, the farmers will have a better living.
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Table 16 'The comparison between the average costs and benefits

of S, rebaudiana and sugarcane production in 1981/82

growing peroid,

unit

: baht/rai

List S. rebaudiana |Sugarcane
The variable factors 10416.53 1922,42
The costs in growing 965 498,47
- the land preparation 81,67 138.64
- the plant 800 251,97
-~ the cutting and growing 83.33 101,14
-~ the management in growing peroid L - 6.72
The costs in management 1833.13 378.34
- crop replantation - 48,12
- weed control by manual and tilling 1475 268,75
-~ herbicide application 180 25.46
- fertilizers application 178.13 30,26
~ water application - 5,97
The costs in harvesting 2659,29 571.88
- the cutting 1429.46 370,65
~ the transportation - E 179.31
- get rid off the leaves and twigs 1299.83 é -
- the management in hafvesting = | 21.92
The agricultural maferial 3884 .39 252,57
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List 5. rebaudiana |sugarcane
~ compost 912 -
- chemical fertilizer 1960 121.47
-~ hormone 150 -
- the plant for crop replantation - 70.85
- herbicide application for weed contralé 270 43.38
- the agricultural material, the price is
lower thans 100 baht, 14.72 14.75
~ transportation for compost % 300 -
- sray equipment for herbicide and hormoée 277.67 -
- fuel ; - 2,30
- the opportunity cost 13 % for 1 year ; 1074,.72 221,16
The fixed factors ;. 1638.89 313.92
- the renting land 1500 243.80 g
- the repaired of agricultural material % 138,89 70,12
The costs of production per rai E“_12055°42 2236.34 i
The production per rai (ton) | 1.1806 8024'}
The costs of production per ton 10210 371,40
The price that farmers sold (ton) 20000 425,68
The net benefit (ton) 9790 54,28
The net benefit per rai/year 15558907 447.27
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1.3 For the part of construction of extracting factory,

it was sure that there would be the extracting factory in Thailand

soon, because Thailand is a soureeof raw material and there are enough
cultivated land about 3,435, 625 rais. (The factory construction must

have cultivated land more than 10,000 rais (Siam Rat, 1980).

2. The reason of infeasibility to use stevioside substitute

sugar in comsumption in Thailand, wés that :

From éxtracting experiment by using Hiroshi kohda,et.al.
method:it was found that the cost of 1 kg dry weight extraction bf

S. rebaudiana is higher than the cost extraction of A kg of sugarcaue.

Table 11 comparison of the cost between stevioside and sugar

production (baht).

List S, rebaudiana SugarcaneJ
The raw material (kg) 20,00 0.425
The cost in production (kg) 5460,00 0,133
The molasses v- -0.065
The cost of production 5480,00 0.493

Note : The cost in production are : labor, material in extraction.

*
Source: The @ffice-of the Sugarcane ;and Sugar.
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(As the industrial information about the cost of stevioside production
could not be found, the comparison of the productive cost between : .. .-
stevioside and sugar was in different scale. If they were on the same
scale, the cost of production of stevioside has to be less than this,
Infact it was still expensive than sugar because in the extraction of
stevioside many kind of chemical solvents were used but no need to use

in sugar extraction. ).

It was sure that the industries used sugar more than
stevioside, although stevioside is sweeter than sugar 300 times and -
besides the cost, iinhibition of stevioside degradation to steviel

has to be considered because it would cause higher cost in production,

/

Feasibility in taking stevioside to substitute sugar in
consumption in Thailand is very difficult, because the cost of produc-
tion is very high. It will be only the source of raw material produc-
tion to export to Japan or stevioside production for foreign countries,
However, it may be feasible in using in some industries, such as

pharmaceutical industry concerning diabetes drug.

5.2 Recommendation

Since the secope of this study is wide and has a little references
to make the data rough. The study should be continued:

1. The growing areas

The general soils map scale 1 : 1,000,000, which is

wide data, so it can not define the suitable soil characteristics in
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growing, The study should be continued for the boundary of the real
suitable area, and for suitable quantity of yield in production in

the country.

2. The extension service

Since the farmers have a little knowledge in improving

the quality and quantity of production, the Office of Agricultural
Extension should suggest the way of applying fertilizer to the
farmers, because the nutrient and the quantity of fertilizers needed
is different amount during the growing peroid. The extension service

will help the farmers to reduce the cost of production

3. The use of stevioside

The using of stevioside would likely be if the cost of
extraction was as cheap as that of sugar or a little higher. The

possible way is to find a cheaper extracting technique.

4., The marketing

The market of S. rebaudiana can be stated that it is
monopoly market. Since this plant is expected to be the economical L
plant which'can bring a good income to farmers more than thé other
economical plants it would receive a considerable interest by the
g;)vernment° Otherwise, the monoﬁdly market cam become the palyparket
soon because the price of productipn will be decreaséd gradully because

of the surplus yield. Thus the government should have the poligy -to
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control the production such as

1« To control the quantity of the production not more

than the foreign order by making the economical boundary.

2, To find the foreign markets, because stevioside can
be used instead of sugar in beverage and diabates drug Iindustries
in Japan and also it was used in c¢igaratte in America. So that the

trend of using this substance is increased.

3¢ To contrel the export quantity by difinition the
goal of exportion year by year .
4., To have the price ensurance by having the surplus

yield .

5 « To be continueously studies :

1o The comparison between the quantity of yield and
quantity of stevioside in the next cutting , because of the experiment
showed that stevioside substance increased when the yield of

S ._rebaudiana increased . However, the highest yield appeared in the

nitrogen fertilizer treatment . It might be expected that the stevioside
yield is depending on the amount of protein in plént » Thus , the
frequent cutting must be appreciated in continued study .

2. To find the suitable grade ané quantity of fertilizer ,

1
to decreasing the farmers costs .
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;;f:; - Appendix I

}f{f»ﬂ, The calculation of quantity of chemicnl fertilizers in
wf”;i" . ¢oéh block : urea, supcr phosphnte potussium chlorice and mixed

' fertilizer (15 - 15 - 15) at rate 25 kg/rni.

1+ The quantity of each fertilizer/rai.

Mix fertilizer 100 kg has N, P, K 15 15 15 kg

1 25 " 1" "

15x25 15x25 15x25 = 3.75 kg.
100 100 100
100 kg,

Total N 46 kg come from urea

i

" 15x25 " " = 1Q0x15x25 = 8.15 kg.
100 §6x100
-Total P205 20 kg come from super phosphate = 100 kg.
" 15x25 " ' " = 100x12x25 = 18,75 kg.
100 100x20

Total K,0 60 kg come from potassium chloride= 100 kg.

i "o 15x25 " " = 100x12x25 = 6.25 kg.
i 100 100x60 :

L 2. The quantity of each fertilizer/plot:-

Area 1600 e use mixed fertilizer = 25000 gnm
" 13,5 ¢ " " = 25000%x13,5 = 210,94 gm
> _ 1600
Area 1600 M~ W " urca = 8160 gn
] 13‘5 1" 1 ] 1" = 8160x17‘ = 68'77 gm
1600
2
Area 1600 M " sugar phosphate = 18750 gn
AR B 25 B " = 18750x13.5 = 158,20 gnm
1600
Area 1600 M~ " potassium chloride " = 6250 gm
= 52,73 gm

. " 13,5 0 1 " = 6250X13.'
) 1600
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J.
Appendix II
To show the analysis of varicnce teoble from chapter 3,
Table 18 Analysis of variance of green weight,
| 6 - 28 17
Source of ) > F.tab
variation gt 58 g S F-cal o5 .01
2' ik
Block 3 12,224,429.6 4,074,809.87 7.89 5495
Treatment b 2,068,935.3 517,233.83 1.0 "> 3,26
Error 12 6,201,125.9 516.760.49
Total 19 20,494,490.8
P
18
NS = Hon significant
* = significant
*e = highly significant
C.V, = 10,4l %
Nt

4, 2,°6, 8, 17, 18 see in Glossary.
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$ableé 19 Analysis of variance of dry weight,

T - " " " v T — . RN

Soutce of 4 g, ss WS Fwogal | - %P
variation +05 .01

. ‘ . ek
Block 3 97,550455  32,516.85  6.15 5495
Treatment & 247,380,00  61,845.6 11,70 5,41
Error 12 63:407420 5i283,93
Total 19 408;339.75 ‘ «
NS = Non significant °
* = significant
ok = highly significant
C.V. = 7089 %

Table 20 Analysis of variance of steviosidé 25 gn,

Source of

. e d.f S S M S F - cal F - tab
variation .05 .01
L oNS
Block 3 81,701.662 27,233.,89 2.28 3449
NS
Treatment L 56,680.990 14,170.25 1.18 3.26
Error 12 143,533,911 11,961.16
Total 19 231,916,558
NS = Non significant
* = significant
hd = highly significant

C.V. = 12.26 %
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Teble 21 Analysis ~f variance of stevioside/plot

Source of a.f. .5 8 M S F - cal F - tab
variation .05 s 01
.N§

Block 3 179,284,795.8055 59,761,598.6018 2477 3.49  5.95
y *

Treatment L 366,518,239,4330 91,629,559.,8595 k.25 3,26 5,41

Error 12 258,751,382.4620 21,562,615.2052

Total 19  80%,554,417.7055

NS = Non significant

* = significaont

> = highly significont

c.Ve = 14,2 %
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A
Lppencix IIT
ZEEEEQEE The costs ond benefits of 8, rebaudians
production in 1981/82 growing peroid,
- Baht
piet 1St year i an year 3r§ year
The vériable factors 1%3136,28 9376483 8736452

The costs in growing 2795 50 1Y
- the land preparation 245 - -
- the plant 24oo - -
- the cutting and growing 150 50 50
- the management in growing

peroid - & -

4 The costs in management 1833,13 1833,13 1833413

- crop replantation - - -
- wecd control by manual

and tilling 1495 1475 1475
- herbicide application 180 180 180
- fertilizers application 178;13 178.13 178,13
-~ water application - - -

The costs in harvesting 2659.65 2946.25 2372
- the cutting 1387.64 1607 1293475
-~ the transportation - ; - -
!

- get ride off the leaves %

and twigs 1272.01 1 1339.25 1078425 :
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L
List- L ___ Bant
1St Jear i an year ! Brd year
|
- the management in
harvesting - = =
The agricultural material 449%,17 3580 3580
- compost 936 900 900
- chemical fertilizer 1960 1960 1960
- hormone 150 150 150
- the plant for crop :
replantation - - -
- herbicide application for ;
weed control ‘ 270 270 270
-~ the agriculturel materialj
the price is lower than
100 baht, b 17 ~ -
4
- transportation for compost 300 300 300
- sray ocquipnment hérbicide
and hormone 833 - -
- fuel - - -
- the opportunity cost 13 %
for 1 year 1355433 967,45 901.39
The fixed factors 1638.93 1638.,98 | 1638.98
- the renting land 1500 1500 1500
i
. - the repaired for ‘ !
agricultural material 138,89 138,89 138,89 !
! ,
‘The cost of production per rai 147975 ,26 11015.81 10375450
| -
The production per rai 1221,13 ! 1285.65 1035
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List Baht
y ) )
1S year an year }rd year
The cost of production per kg. 12.1 8.57 10,02
The price that farmers sold
(kg) 20 20 20
The net benefit (kg) 7.9 11.43 9.98
The net benefit per rai 9646,93 14694,98 10329.3
Table 23 The costs and benefits of sugarcane
production in 1981/82
List Bah g
1St year an year Brd year
The variable factors 2992.,54 1220,08 1158, 31
The costs in growing 1495, 41 - -
-~ the land preoparation - 415,93 - -
- the plant 755490 - -
- the cutting and growing 303,43 - -
- the management in growing
pcroid 20,15 - -
The costs in management 255,09 326.76 368.18
- . crop replantation - 20.0k 28,10
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Baht
Li[’)t - . o " > st o ” ——
5t nd l rd ;
T 2 v L3 yeor |

- weed control by manual

and tilling 291.62 2,96 1 281.81
= herbicide application %2451 19.99 E 16.97
- fertilizers applecation 25.04% 35,82 | 25,50
- watér application 5,92 5.95 i 6.50

The costs in harvesting 593,38 567,20 L28,50

- the cutting 251,05 371,64 272,50
- the transportation 184,72 179,98 131.83
- get rid off the leaves

and twigs - - -
- the management in harvest-

ing 26,81 15,58 34,57

The agricultural material 204,47 185,76 217.97

- compost - -
- chenical fertilizer 123,56 118,70 127,26
-~ hormone - - -
- the plant for crdp replan~

tation - 24,49 58.60
- herbicide application for

weed contrcl 59,91 28.51 23%.09
- the agricultural material;

the price is lower than

100 baht 13495 11.62 5.96

transportation for compost




11

Baht
List
st ~nd N L,rd
1 yuear 2 veoar 2 yaar
-~ sray equipment for
herbicide and hormone - - -
- fuel 2405 2, bt 2.06
- the opportunity cost 13 %
for 1 year 344,29 164,36 133,26
The fixed factors 318,16 312,33 296.45
- the ranting land 243430 245,890 243,80
- the revaired of agricul-
tural material 74,36 68.53% 52,65
The costs of production per.
rai 5,310,80 1,532 41 1, 454,76
The production per rai "8.493 8.266. 6,061
The cost of production per _
ton - 439,83 285,39 340,02
The price that farmer sold
(ton) 567480 222,47 338,02
The net benefit (ton) 7797 37.08 43 f
i
The net benefit per rai 660,67 306,50 290.93




Appendix IV

Different Types of Cane Sugar Factorics

Cane sugar factories can be clasgsified according to the

products they turn out, or according to the methods by which juice

is extracted and/or clarified,

Cane sugar factories according to the clarification

method they employ, there are :

(a) Defecation factorics which use the defecation process
that just erough lime is applied to the juice to
neutralise itz natural acidity. This process is
universally, but not exclusively, used for the

manufacture of raw cane sugar,

(b) Sulphitation factories which use the sulphitation
process for clarifying mixed juice, An ecxcess of
milk of‘lime is added to the juice and this excess
is afterwards, or simultaneously ncutralised by

blowing SO, gas through the juice, or bringing the

2

juice in another way into contact with this gag

( sulphur.tower ).

(¢) Carbonatation factories which use a considerable
quantity of lime to clarify mixed juice, Excess

lime is precipitated as CaCO, by blowing CO, gas

3 2



filtering off the nrecipitate,

s S

through the jui:e ana
This process is universally applicd in the bheet

sugar. In the canc wazar industry, mixcd juice

carbonation factorics =re aradually disappearing

bacouse of hiegh production sosts,

If the cussing is corried out iun ong stage, the

process is cnlled cingle curbonatation. If the gassing

each ctage followed by a

is carriced out in tuo stages,

l_.l.

Ol

Ie

is c¢alled double carbonatat

filtration, the process

OQutline of mectnod ¢f manufacturing raw cane sugar.

- Extraction of ths Juice,

In this process universally used the cane is crushed by

it between heavy rollers which squeeze out the juice. More

g
0% of the sugar in the cine goes into the juice, the remaining

e

TABSC.

portion being held by the barg

-« Purification of the Juice

The clarificaticn of juice as it comecs from the mills

is accomplished by means of lime and heat. The acidity of the Julce
is neutralized by milk of lime and ite temperature raiscd to the

boilin oint. The precipitates formed by the action of heat and
g Y r y tI

lime are allowed to settle in either open tanks or closcd continuous

clarifiers and the clear liquid of “elarificd juice' is decanted from
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the "muds" and goes to the evaporator station, The muds are

| filtered in filter presses or vacuum filters and the filtrate or
"press juice" is mixed with the clarified juiee or returned to the
raw juice for reclarification, The precipitates retained by the

filter press are called filter press and are discarded or used as

fertilizer,

- Eveporation of the Juicc,

The clarified jﬁice goes to the multiple effect
evaporators without further treatment, The evaporators consist
of a series of vacuum-boiling cells or "bodies" arranged in series
‘ t'; 3 5o that each succeeding body has a higher vacuum than the one be-
fore it, and therefore boils at a lower temperature. The vapors
from one body can thus boil the juice in the next one, By this
system the steam introduced into the heating element of the first

.. body does multiple duty or "multiple-cffict evaporation'!, The sirup

which leaves the last body of the evaportor continuously contains

30 to 40 % of water,

- Crystallization

The crystallization is accomplished in single-effect
vacuum pans under reduced pressure. The sirup is evaporated until
saturated with sugar, At this point crystals or "grains'' separate
in the boiling mass or "seed grain" is added to serve as nuclei for

Y o the crystals, The pan is "charged" with sirup from time to time,
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as the water evaporates, and the sugar it contains iz largely
deposited upon the grain prescent without the fromation of additonal

crystals,

The growth of the crystals is so requlated that they are

of sufficient size when the pan has been filled, at which point the

mixture of crystals and sirup is concentrated to a dense mass

1} 1" Q . . > Y
massecuite and the "strike" is then discharged from the pan.

- Centrifugaling; Purging; Reboiling Molasses

The massecuite is conveyed into a mixer and from this
is drawn into revolving machinés called centrifugals, fhese machines
have.Cylindrical preforated metal, '"baskets," lined with wirecloth
and perforated bronze sheets. The basket spins at high velocity on
a suspended vertical spindle., The sugar crystals are retained by
the lining and may be washed with water if desired., The mother
liquor, "molasses," pass through the lining by reson of the centrifugal
fofce exerted, The machinc is stopped after the removal éf the
molasses, and the sugar is "cut down'". Leaving the centrifugal ready

for another charge of massecuite,

The molasses is returned to the vacuum pan for reboiling

with a portion of high-grade sirup to obtain a sccond crop of crystals

 and this "sécond massecuite" is centrifugaled as before, ylelding a

sugar whiéh is about the same quality as that from the firast massccuite

but a ligecond molasses" of much lower purity. When successive
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reboilings have reduced the molasses to such a low purity that it
will no longer yield any nore shgar‘by crystalligation, 1t is sold

as "final molasses” of "blackstrap",
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Appeadix ¥

1. The swect taste of sugar and stevioside

The basic swecet taste is the sense of taste. To a flavour
pancllist mcasurement of sweetness means estimating the degree of
intensity of the sweet sensation that is perceived on the front a&rea
of the tongue when sampling a food. The only reliable procedure is

by means of a trained panel of judges.

1.1 The conditions of testing

1.1.1 Temperature

It was found that some form of sugar was less
sweet at higher than at lower temperatures when compare with sucrose.

Therefore assessments should always be made at the same temperature.

1.1.2 Concentration of the sweetening substance

The sweetness of different sugarsvrelative to
'sucrose varies with the'qoncentration. For example, glucose at a low
level is only about half as sweet as sucrose but at a high cancentra-

tion it has almost the samc sweetness as sucrose,

1.7¢3 The medium
Sixty-five per cent sugar syrup tastes much

sweeter than 100 % dry sugar.
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JiJb The ame of the material

Freshly prepared glucose tastes sweeter than
a solution made & few hours earliier, because the less sweet g - D

isomer is formed during this storage peroid.

1.2 Seleetion and training

p 1.2:1 Belection
Whiehever kind -of sensory analysis of sweetness
is being considered, potential judges should be sclected by means of

tests of their sensitivity.

-

- Test 1

It is essential that all panel judges can
distinguist the basic tastes without error, Sweetness is not usually
confused with any other basic taste, but is should be remembered that
normally judges have to assess sweetness in mixtures of the basic
tastes, For this first test duplicated samples representing surpra-
threshol levels of the many basic tastes are recommended in mains

drinking water,

Those persons passing the first test should

then show their ability to rank different concentration of sucrose

in order of sweetness.
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1,2.2 Iraining
This should consist of the test samples that

are simultancously presentcd to experienced judges in difrference
testing. About k0 judgeménts, ottained by considering pairs of
samples significantly distinguished by trained judges, should be
collected before decidiﬁg upon the acceptability of a persbn for
flavour panel work. The limit of acceptance of rejection may be set
+

at 5 % probability level and the resultant graph should clearly

indicate into which area the potential judge fits.

1.3 Assessing equivalent sweetnesg

Two principal methods have been used : (a) threshold
determinations and (b) successive comparison of suprathreshold
concentrations. A concentration of one compound was presented as the
standard to 20-30 persons and the two extreme levels of a compafison '
substance that all persons agreed to be either less sweet of sweetér
than the standard were determined., The range of these concentrétions
was then divide into six or eight different levels and each level

compared with the standare.

1.4 The sugar measurement

The chemical compound that we call sugar has many forms
and each gives sweet in each levels. Dahlberg and Penczek had an
experiment by comparing the sweet of some sugar by fixing the standard

are the sucrose solution 10 % and 20 %



Table 1 The comparison of somc sugar with sucrcse solution at 10 %

and 20 %
sucrose solution
10 % 20 %
sucrose ‘ ‘ 10 20
glucose of dextrose 12,7 21,8
fructose or levulose 8.27 16,7
maltose . 21 .1 3“’.2
lactose 2047 38.3

To show that fructose is the sweetest,: Cameron and
Dahlberh compared the sweet of sweet substance with sucrose in

difference concentration, show in figure 1,



Figure 1

sucrose %

20

in the aifferent concentration.

The swest comparison of sucrose with other sweeét bibstances

P e
! S
Equality | glugese
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ff'/-./.
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20 25 30 %
The stevioside measurement
The sweet measurcncnt of stevioside used the same
technique that mention above call "paircd comparison tochnique'.
long nftertaste, some bitterncss

Stevioside refined to 93-95 % had

and astringency while steviosiderefined to about 50 % has

undesirable tastes.

less

Sensory evaluation indicated that sweetness
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intensity of stevioside is about 300 times sweeter than sucrcse at
0.4 % sucrose concentration, 157 time sweoter than sucrose at b %
susrose corcentration and 100 times sweeter than at 10 % sucrose

concentration.
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& 81 L szarms, CLASSIFICATION © RANGE  KFFICTIVE S ; _STRUGTURE a. DRAINAGE DD ST RATR | caaaxIc  ; MASE SATURATIONS)  CIC | avarams } AvATLAMLE REACTION
i
PRASE OB YARIANT | 1. USDa ! or “ - S0IL TIXTTRE PROFILE COLOTR PROFILX ;8. WPYER A RORIZON b PERMEADILITY _ 2. SURFACE ~ MATTIR _ 8, 0=30 em. ! 2o 0=~30 em. m ﬂhﬁﬂliw“w” m "S"vuww.ﬂ“lo 8y O=30 cz.
| H . . 2]
. _B. maTIONAL SLOPE(S)| omrTE : | 4 - SUBsOTL ¢, SURFACT { v.sussuRrACT ! 03 em. lv. 30ess ‘v, 30em. w30 em. ! s 30 ea: b ez
: ] ! i - ] ! ] i ]
A ANS DONG { 1.7ypie Trepaqualfs 0-2 ! very doep | silty clay loam or jgray or dark gray over jacvenk to moderate mediva . jeerly dralaed | 2’4 = 5 moaths _ . sediua a, sedins a, Bedium ~ 2. low ae high 8. 5.5 - 6.3
. 2oLow Nuxic Gley " i 1 €1ay loam over clay :gray to light gray with = and/or coarse subsagular 1y, jlew’ - ¢ - ! % 5« 6 memtas . i v b, medi | Be woderately | b, medius b 6.0 - £.®
© Soils. . ' "leam to elay ‘browaish mottles blocky c. slow m * i ! low i
throu- out b.nocderate medius and ! h _ ' b
goarse subangular blocky : :
i : I :
MMESAT t.Aeric iropaqualfs O-2 wvery deep silty clay loam, clay light browaish gray er a.veak to moderate medima a, sowewhat poorly 8. 3 « & sonths ' mederately a. medius a, sedius | &, mediue . me low ‘8. 5.5 - 4.8
: I !
2.8ydrozorphic Neo loas over clay loam grayish brewa ever dark and/or tearse sudaagular drained Be 4« 3 moaths loe b, medima b, medius " ve mederately . % low ©: Be 645 @ 1.®
Calcic Brown to clay ,yellowish browa, grayish  blocky ». slow ! - : " high H .
Seils ‘browa or browa, with ! bemoderate mediua asd c. slow w i % m ;
ibrowaish mottles . coarse subaamgular dlocky “ '
.. throughout ’ m
CHMNG AT ' 1. 2Typie 0-2  very deep silty clay loam, clay dark gray er dark grayish a.weak medius te coarse a. poorly drained Al ha 5 mouths ;| mediua a, wedinn 8, mediuz a. low a. low P W
" Paleaqualfs loas or loam over ‘brown over gray, light subangulsr bleeky b. slow be $ = 6 months b. medizm be medium »e low ». medius [ B 4.5 5.8

~ 12,Loe Buxic Gley

Soid

clay or silty clay

1 gray to light brownish ' b.soderete mediuvm and-

| gray with brownish | eoarks subaagular blecky
imottles throughout and

mn-o sottles in the

W subsoil
t

e. slow
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e o Pe e sz ez lir. = tSaln Mocky \ . -
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S . : .
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CAn 2atom

YIypit
Tropagualfs
2.Lew Ruaile

Gley Seils

T | 1.Tyrie

Paleaguwlts

2.Low Ruaie
Gley Seils

2.1lov Kuxic
Gley Seils

1.0stexts
Dystropepts

2.Cley Podsalie
Soils

1.Typic Ochraqualfs O0-3

2-8

very deep .

veory nbnl

silty clay loam
aver silty clay
loas, clay loas te
elay

sandy losa or ﬂonim
over sasdy loas te
sandy clay loas

loany sasd or
sandy loam over
sandy loas te.aady
€lay loaa

[VETY EE¥§ | SL1CY CIAY léan, | €Y7 oF grajish Wrowa ever
elay loaa ever 1ight drowniak gray er 1ig.
elay gray with browaish mettles

throughout and red mottler
ia the subsoil

very doep | silt loaa, lean or pinkish gray or grayiah

brown over pinkish gray
oF light gray vith drowa
20ttles throughout.

dark grayish brewa or bre-
ever gray light gray or
pinkish gray

very dark brows er dark
grayish browva ever browa,
1ight yellowish drows te
very pale bdrowa

subaagular blocky

S.noderate coarse aad
medius subangular
wlocky

a.wveak te moderate
mediuns and coaras
subangel or blocky

b.soderace medium and
coarse subangular
blocky.

a.weak zTedium sad coarse
subangular bloecky

daweak to mederate
medius and coarse
subangular blocks

s.weak tc -oderatey finme

ae poorly drained

c. slow

a. poorly drained
%. soderate
¢. slow

s, »ell draiaed
| 1S Q s te rapid

and meciiz
blocky

* be.moderate, sedium amd .
coarse subangular
bloeky

¢. mediun

m-.rmuloanr-

b 5 « 6 sonths

grouni water beloe
Y.meter throughout
the gear

Tow to a.sedlua T ae sederately e low I S low a, 5.5-4.°
4 | - °
1y | b. sediuva e e low | %o low ¥ T.O-E>
2ew | b medium ~ ._
, ; |
. . !
m low 8, sediua ae low 8. moderately 8 low a. $.5- 8.0
q be 2edium i b dew [ e | v 2ow (PN g
i ' ; be moderately !
i i ' low
w m i
i low a. zedium | ae verylow ! 8e low © 8. low a. i..-2 @
; ¥e high ! e low ! be very low b, low b S0
! “e i i i
| u ;
i N
i .
_ soderately | a., sedius &, very low a3, sodsrately &, low 8. 5.i-0 %
v low be medium %e very low 1w b. low | YRR YERE R
I be low
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Palebamults over clay leas %o reddish dresa over dark sedine subaagular Ve mederase 1.5 seter througheut e low hgh b very lew b very Mgh be 3.3 = 6.8
2, Reddish Brow elay reddtad brewa dark red Bleexy o0 Bedim to yapid the year be nedina N -
Lateritic Sells . . o rod ) e mederate fine and me-
. I ddun subangular blesky .
BAN CYord] 1. Palenstuins 2-20 |very lesn, sandy elay (very) dark grayisa 8o woak to ederate bleckyl 8. vell drained ground vater below | medium a. sediva . low e pedius e Bodime e 5.5 - 6.8
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Clay Soils |- leas, silty elay lcan] browaish and yellewish e, slow be medims to - B
er ¢lay zed mottles throughewt sederatels high .
334’0 1. Ustic Dystropepis 216 | very deep sendy leam over sandy] (dark) grayish brewa, 8. weak Meeky to siangle ae mederately well 8 - e low a. sodergtely s low S low Qe 5.0 = 6.0
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Podes :¢ Seils il less sbreprly Srowa over sirong brovs, | b. sederats Dlesky ever V. sedorars ever the deep subseil | lew 5. vedisa to P -
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Table.24 . The comparison between yield and benefit of S.rebaudana

and the other economical crops,

unit ( kg/rai )

Soil Crops
Great groups
Series rebaudiana Tobaeco Galic Rice
* *
Tropaqualfs Hang Dong - - 1,265 529
R ¥* *
Tropaqualfs Nan - 398 1,193 -
%* *
‘Tropaqualfs Mae Sai - - 921 519
*
Tropaqualfs Phan - - 842 -
* *
Paleaquults Chiengrai - 226 773* 504
*
Ochraqualfs San Sai - - - 447
. .
Paleustults Nong Mot 1180.59" _ y -
average yield/rai 1180.59 312 1,020.83 502
%* 3%

: 1 1 1
price/ kg 20 40,07 12.06  2.68
benefit/kg 23611.8  14061.84 12311.21 1353.94

*
cost/rai 10255.42* 582490é1 2513.5911 869.98

Net benefit/rai

11557.98

8237.78 8797.62

484,04

* The cfops yield from Land Classification Division,.

*#% S. rebaudiana yield . ..

unplublished data,

1 Costs of crops yield from Office of Agriculfural Economic

from Office of Agricultural Economic,

11 Costs of crops yield from Office of Agricultural Economic,

unplublished data,



90

Glossary -
Standard terms used in statiatics, soil science and
chemistry are grouped and defined under appropriate below :
: 1, Analysis of variance (ANOV) ¢ The totol yariation displayed by
a set of observations, as measured by the sum of squares
of deviations from the mean, may.in certain eéireumstances
be separated into components associated with defined
sources of variation used as criteria of classification
for the observations., Such an analycis is called an
:J;. analysis of variance, although in the strict sense it is
.:_ an analysis of sum squares. Many standard situations can
L ' be reduced to fhe variance analysis form,
b

2. Block : The name gihven, mainly in experimental design, to a group
of items under treatment or observation. For example, 2
block may comprise a group of contiguous plots of land,
all the animals in a litter, the results obtained by a
single operator, or meteorological nbservations on a series
of days at a given place. The general purpose of dividing
all the material in an experiment into blocks is to isolate
source of heterégeneity ; the items in a block being so far
as possible homogeneous and uncontrolled variation in the

experimental material being measured by comparisons between

blocks,.
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De

7.

3

C1 ;.

Clay :

9N

Stable, nonradicative carbon isot-pe used for special

analytical research.

1). A hydrous aluminum silicate ; a widely distributed
substdange  in enrth which is hand when dry but hecomes
pliable when wet ., The varieties depend upon variations
in amcunt of combined water, included element (other

than éilicon and aluminum) and lattice structure of -
crystals. 2). A soil particle less than ;002 mm. in
diameter., 3). A textural class of soil; one that contain

4o percent or more of particles of clay size.

\

Coeffieiemtof variation : A measurc of relative variability equal

Degree of

to 100 times the stand;rd deviation divided by the
arithmatic mean; the standard deviation expressed as a
percentage of the mean; too bimes a coefficient of
dispersion in which the measure ol variability is the
standard deviation and the measure of central tendency

is the ncan,

freedom : The nuuber of closses in a statistical series
the ffequencies in which may be filled up arbitrarity;
the number of independent comparisons available for
calculating vériance or for computing the estimate of

error,

Duncan’s New Multiple Range test (DMRT) : A modification (1952,1957)
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10.
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to the Newman-Keuls test with the object of redistributing
the probabilities of error among the components of the

multiple comparison procedure.

Error : In a more limited sense the word “error' is used in
statistics to denote the difference between an occurring

value and its "true" or "expected" value,

Experimental unit (plot) : In experimental design this term usually
refers to the basic unit of the expérimental material., |
Although it derives from the physical unit of a plot of
land in an agricultural trail, its interpretation is very
much more general according to the subject mater of the

particular design.

Great soil group : In soil ciessificétion, a group of soils havihg
common internal soil characteristics which inchedes one
or more families of soils. Among the zonal soil, each
great soil group includes the soils having common, intefnal
characteristics developed through the influence of
environmental force of végetati§; and climate., Among the
intrazonal éoils, each great soil group includes of soils
having common, internal characteristics developed through
the influence of environmental forces of both broad and
local signifrcruece. Among the azonal soilé, each great

soil group includes similar soils that.are without developed

characteristies, because of some local condition of parent

material or relief .



11, Guard row : It is the plants that is grown at the rim of plots,

and is not excluded in experimental yield.
12. Harvesting area : It is the area of plat, excluding the guard rowe.

13. Highly significant difference : It is the difference in statistics
at the 0.01 level of probability which is shown that
there is the variation of mean sguare more than the of

probability (99 % confidence).

14. Infrared Spectroscopy : An analytical techuique which may measure

either (1), the range of wavelengths in the infrared
that are absorbed by a specimen, which characterized
its molecular comstitution (absorption spectroscopy),
or (2). the infrared waves emitted by excited atoms

g or molecules (emission spectroscopy)° Extremely hot
bodies (stars) emit spectra in which the atomic composition
can be determined by characteristic .lines sudnas the

sodium D line in the sun’ spectrum. Infrared absorption

bands identify molecular components and structures,

15, Loamy : A soil not definitely sandy or clayey ; one not strongly
coherent, mellow and well supplied with organic matter
Technically, a soil which contain 7 to 27 percent clay,

28 to 50 percent silt, and less than 52 percent sand.



16. Mean (¥): Same as arithmatic mean or same as calculated average

17. Mean square : In general, the mean square of a set of values is
the arithomatic mean of the squares of their difference
from some given values, namely their second moment about

that value.
';4 18, Non-significant difference : It is non-different in statistic.

19, Randomization : A set of objects is said to be randomized when

arranged in a random order; and, by a slight extensoin,
a set of treatments applied to a set of units is said

to be randomized when the treatment appligd to any given
unit is closen at from those'available and not already

allocated,

20. Rendomzéd Complete Block Design (RCB) : An experimental design
in which each block contains a'complete replication of
the treatment, which are allocated to the various upits
within the Blocks in a random malner and hence allow

unbiassed estimated of €rror to be constructed..

21, Replicatioﬁk;vThe execution of an experiment or survey mére than
one so as tobincrease precision and to obtain a closer
estimation of sampling crror. Replication should be
distinguished from repetition bythe fact that replication

of an experiment denote repetition carried out at one place
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and, as far as possible, one peroid of times.

22, Sdgnificance‘: An effect is said to be significant if the value
of the statistic used to test lies outside acceptable
limits; th;t is to say, if the hypothesis that the
effect is not present is rejected. A test of significance
js one which, by use of a test statistic, purposts to
provide a test of the hypothesis that the effect is
absent. By extension the critical values'of the statistics

are themselves called significant,

23, Sandy : In commn usage, the sand and sandy loam textural classes;
any soil which contains more than 70 percent sand and

less than 15 percent clay.

24, Slope complex : Any land surface marked by an ascent or descent ,

as a Rillside or terrace escarpment.

95: Skeleton : A soil in which the mass of material consists mainly

of coarse rock fragments.

26, soil mapping unit : Soil occupy areas, not merely points where
they may be examined, Thus a soil has a definite range
in profiles. No two profiles are exactly alike, even
within a given soil area. The differences between them
in a district soil area, however, are not significént
and may-or may not be measuzaﬁle.

Categorical units are device for describing soils in

the system of classification, whereas carteographié
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( mapping ; units are used to indicate the geographical
extent of soils. Units of mapping are the closest
approximation to taxonomiz units that practical

considerations allow. A carteographic unit gives both

the location and the extent of a taxonomic unit.

A A soil type area may includes som¢ spots, too small to
show on the map, of other soil types, and a peripheral
- zone having profiles with characteristics transitional

to those of adjacent scil type areas.

27 . Standard deviation : The most widely used measure of dispersion
of a frequeney distrilution. It is cqual to the éositive

square root of the variance,

28 . Sum of square (SS) : The sum of the twiee deviation value of each

gy value from mean of that data group.

29. Treatment : In experimentation, = stimulus which is applied in
order to observc the effeet on the exprimental situation,
or to conpare its effect with those of other treatments,
In practice, "treatment” may refer to aphyical substance,
a procedure or anything which is capable of controlled

application acoording to the requirement of the experiment,

30. Water holding capacity : The amount of water expressed in percentage

of dry weight that « soil. can retain against the pull of

gravity,

003614




