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ABSTRACT

Centrifuged residue from rubber latex is the by-product of the waste from
the concentrated latex process. Production of 100 kg of fresh latex could provide 10 kg
of centrifuged residue. This has been a waste disposal problem for the latex factory.
Practical disposal methods have been used by the factory, such as landfill, burying it in
soil, and burning it. These have been seen as wasteful practices and have caused
environmental pollution. Analysis has shown that the centrifuged residue contains
some mineral nutrients (N, P, K) in the form of substances for plants to utilize
instantly. However, the centrifuged residue still has some small rubber pieces mixed
within and needs to be blended. While swine manure also contains some essential
plant nutrients, it takes some time to decompose for utilization as an organic
compound suitable for plants. Thus, four fertilizer formulas were designed for this
research: Formula 1, the chemical fertilizer formula 20-8-20; Formula 2, a mixture of
centrifuged residue and swine manure in a 1:1 proportion, with adjusted N-P-K
elements with chemical substances of the concentration 20-8-20; Formula 3, the
mixture of centrifuged residue and swine manure in the proportion of 1:1; Formula 4,
control set. The experiment was planned with a completely randomized design (CRD)
with 15 replications. The Para rubber seedling in the Family PRIM 600 variety, age 2
months, was selected as the study sample. Seedling growth was measured every 15
days for height, tree diameter, and number of leaves for the 90 day experiment.

The research findings showed that it was possible to substitute the
fertilizer Formula 2 for the fertilizer Formula 1 equally in terms of seedling growth,
when considering height, tree diameter, and number of leaves. Furthermore, the
fertilizer Formula 2 provided the most Para rubber plant growth in height, trunk
diameter, and number of leaves with statistical significance at p < 0.05.

KEY WORDS: RUBBER LATEX RESIDUE / SWINE MANURE / BLENDED
FERTILIZER / PARA RUBBER SEEDLING
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CHAPTER|
INTRODUCTION

1.1 State of Problem

Para rubber (Hevea tree), is one of the importmonemic plants of
Thailand, which the totally area of 16.89 millioailrhas been used for plantation
(...Rubber Research Institute of Thaila@@10. About 2,710,000 tons of Para rubber

latex production was recorded as the biggest qyahnéis been exported in the year
2007 (Rubber Research Institute of Thaila@@08. Consequently, the large amount
fertilizer such as much as nitrogen, phosphorus @otdssium were widely used for
0.3, 0.05 and 0.18 kg / plant / year respecti{Rybber Research Institute of
Thailand, 20103, or equivalent to 4.13, 0.689 and 2.48 ton ofogiém, phosphorus

and potassium / year respectively. The study estidnequivalently to 1,178 baht / rai
(Potiwadtuthurret al, 2010)

Natural rubber originates from Hevea tree and claags into a lump at
the bottom of the cup, called “cup lump”. In caden@king concentrated latex, the
collected natural rubber has to add stabilizingnagammonia) to prevent the latex
from coagulating. If solid rubber is required, @lip lumps, are collected together and
processed. For natural latex required by factémy stabilizing agent added in the latex
gathered containers to keep the good quality oflycton before delivering to the
factory for concentrated processing. Chemical sufecgs such as Ammonia, Tetra
Methyl Thiuram Disulphidg TMTD), Zinc Oxide (ZnO), Diammonium phosphate
(DAP); etc. are added, and then forward to a centrifugeess to remove water and
increase the rubber content of the lafExis product called “concentrated of latex”,
while the residue in centrifuge machine calledé¥atesidual powder or centrifuged
residue”.

The residue, actually average of 10.7 % remainfigkprasit, 1999) is
considered as useless material, and mostly remgdyin landfill. Several studies

reported the value of mentioned residue in the vpnt of nutrient element as
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nitrogen (N), phosphorus (P) and potassium (Khataverage concentration of 2.28
%, 8.54 % and 1.48% (dry weight), respectivelyTekprasit, 1999 In addition, the
study (Ubon et al, 2010 of nitrogen, phosphorus and potassium content in
concentrated latex sludge was found toll#®-2.53 % (N), 22.15-48.19 % (P) and
0.39-0.60 % (K), by dry weight. Moreover, it was remarkedattheven nutrient
elements in residugere as available substances for plant growth erdmeant, but
there still had some rubber particle remained & tésidual and could cause soill
problem after use for long time therefore, blentdtllizers was initiated, by blending
the small amount of latex residue, to let them fiomed at the beginning stage of
plant growth enhancement, and addition with thetevadf swine manure which
normally need time for microorganism to convert thetrient element into the
available organic substance form. In particulag, stwvine manure report (Mala, 2003)
mentioned about the nutrient contents as much&s%2.(N), 1.36% (P) and 1.18%
(K) dry weight, respectivelyTherefore, blended fertilizgitatex centrifuged residue
and swine manure) was considered to be appliededsizer for plant growth
enhancement for this study. It was expected thatemti of centrifuged latex residue
while the plant could absorbed. At the beginningget of growth, swine manure
needed some time to be digested as organic fertilithis approach could decrease
cost of rubber plantation of chemical fertilizerdaalso latex concentrated waste
minimization(Tekprasit, 1999 and Mala, 2003

So, the objective of this study was to carry ougarding. The
effectiveness of blended fertilizer for plant grovenhancement, as well as to study

the impacts to soil characteristics, nutrient budiggance, etc.
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1.2 Conceptual Framework

Chemical property of soil, centrifuged residue awdne manure before and after

experiment were analyzed as designed in Table 1

Chemical | Centrifuged |# | Swine manure Control
fertilizer residue
| \ ) l
v Y
: Centrifuged residue Centri Soll
Chemical . ) . entrifuged
fertilizer mixed with swine residue mixed with| L_S2MP'e
formula wsigl;]rtearna(;lg leu 1stneedt swine manure ratid
-8- 1:1 net weight
20-8-20 value at the same 9
formula 20-8-20 by

v v

A 4

Growth of Para
rubber seedlings

Chemical properties

Chemical properties of
water during and after
experiment

ONOORAWNE

of soil after
pH

experiment
Organic matter
Total nitrogen
Available phosphorus
Available potassium
Electrical conductivity
Cation exchange capacity
% B.S.

Figure 1-1 Conceptual Framework

arwnE

|

Electrical conductivity
Total nitrogen
Phosphate
Potassium
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1.3 Objectives

1.3.1. To study the nutrient elements of centritlgesidue, swine manure
and soil before and after experiment.

1.3.2. To study the growth enhancement of Paraeusdedling according
to various fertilizer formula applications.

1.3.3. To study the nutrient leaching out by watlerring and after

experiments.

1.4 Hypothesis

Ho =l = 2= U3 = |4

Hi= [ # Ko F Us 7 Ha
*Remar k*

M1 = Treatment 1 was the chemical fertilizer at thenaemtration of
20-8-20.

Mz = Treatment 2 was the mixture of centrifuged residod swine manure
and was adjusted N-P-K fertilizer to have the cotre¢ion equivalent to chemical
fertilizer 20-8-20.

Uz = Treatment 3 was the mixture of the centrifugesidiee and swine
manure in the proportion of 1:1 by weight.

Ha= Treatment 4 was the control treatment.

1.5 Scope of Study
1.5.1 Centrifuged residueom Sri Trang Agro-Industry Public Company

Limited and swine manure from rural farm area wstedied the physical and
chemical properties as soil improvement.
1.5.2 Krabi soil series was used for the experingéiit 2008 the physical

and chemical properties of soil before and afterekperiment were studied.
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1.5.3 Soil bulk density was analyzed before expenitrio study the ratio
of fertilizer applications suitable for practiceptantation.
1.5.4 Parameters regarding the characterizatiomeotrifuged residue,

swine manure and soil were studied as showed iteTah

Tablel-1: Parameters and analysis methodogy chemical prep@tt soil, centrifuged

residue and swine manure.

Parameters Analysis method

1. pH pH meten,.and Development Department(LDD), 2001
2. Quantity of organic materials Walkley and Black(LDD, 2001

3. Total Nitrogen Kjeldahl system(LDD, 2001

4. Available Phosphorus Bray-(1.DD, 2007)

5. Available Potassium Flame photomete¢l.DD, 2001
6. Electrical conductivity Conductivity metgt,DD, 2001

7. Cation exchange capacity = Ammonium acetatél. DD, 20017)
8.% B.S > ( Exch.cation / CEG x 100,(LDD, 2001)

1.5.5 Chemical properties of leached water weréyaed every 15 days as

parameters presented in Table 1-2.
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Table 1-2: Parameters and analysis methodology of the chéprioperties of leached

water.
Parameters Analysis method
1. pH pH  meter(Department of Environmental
Quality Promotion DEQP),2006
2. Electrical conductivity Conductivity metddDEQP, 2006
3. TKN Nesslerization MethodEQP, 2006
4. Phosphate Ascorbic Acid MethddEQP, 2006
5. Potassium Flame photometBEQP, 2006

1.5.6 Para rubber seedlings RRIM 600 variety agedoBths were used
for the experiment. Growth of Para rubber seedliugee measured 3 cm. above bud-
grafted for heigh{cm.), Trunk diametefmm.) and number of leaves were also studied

for every 15 days.

1.6 Expected Results

1.6.1 Knowledge gained about nutrient elements esftrduged residue
and swine manure.

1.6.2 Knowledge gained about soil properties befo@ after treated with
blended fertilizer for Para rubber seedling plant.

1.6.3 Knowledge gained about Para rubber seedliogth after treated
with blended fertilizer at various designed formula
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CHAPTER Il
LITERATURE REVIEW

To study on the Utilization of Blended Fertilizertbe Centrifuged residue
from Para rubber latex and swine manure as growhirarcement for Para rubber
seedling, documents and related researches werewexy the research process
consisted of 6 items as follows:

2.1 Swine manure

2.2 Centrifuged residue

2.3 Para rubber seedling

2.4 Para rubber fertilizer

2.5 The summary of fertilizer formula applied te ttesearch

2.6 Related researches

2.1 Swine manure

The mixture of swine manure consisted of indigéstibfuse such as solid
mass, fiber, digestible parts but in absorb anddgespecially from alimentary canal
such as intestinal lining, mucous membranes, mifjebacteria, and by-product of

bacteria (Sasangta, 2000).

2.1.1 Swine manure nutrients
The quantity of nutrients in swine manure was stddiy several agencies.
Department of Agriculture (1997) referred by (Ratitalum, 2008) analyzed the

chemical components of swine manure as detail showable 2-1.
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Table 2-1 The Percentages Chemical Components of & Manure (Volume
2,050-2,350 Kg./swine/ year

) Organic Total )
Types Moisture _ Phosphorus| Potassium
Matter Nitrogen
Manure 82.0% 16.0% 0.6% 0.9% 0.4%
Urine 94.0% 2.58% 0.%% 0.0%% 1.0%

Source: Department of Agriculture, 1997 referred by(Rutthanalum, 2008

The average values of swine manure nutrients w280 %), P (1.36 %)
and K (1.18 %) (4) and N (1.3 %), P (2.4 %) and1KD(%) respectively (Rubber
Research Institute of Thailand, 2007).

2.1.2 The approaches of swine manure utilization

Important minerals in swine manure are N, P an@vkich can be used in
many ways:

1. Fertilizer: Swine manure can be used to prodext#dize to enhance soll
physical quality and as the source of nutrients glamts. At the first period, the
microbes decompose the manure and the plant caruthiee it.

2. Animal feeds: Swine manure can be mixed witleptheds. However it
must be safe from any diseases contamination, wdd@ohcause danger to animal, and
food quality reduction.

3. Fishery feeds: Through building pig sty ovehfgond. When the pigs
defecate, the manure directly drops down to thie fisnd or use the swine manure
from another places as fishery feeds.

4. Worm culture: Swine manure can be used as whaggot breeding as
an alternative source of protein for many pet femdulas.

5. Alternative energy: Fermented swine manure aadtevwater in the
anaerobic condition causes biogas which can be aseahother alternative energy
such as fuel for the lamp or electricity. The fermeel swine manure is able to be used

as fertilizer for plants (Pollution Control Depagnt, 2008).
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2.1.3 Use of swine manure as fertilizer for plants

1. The use of dried swine manure fertilizer foriagture should be
applied before cultivation. Soil tillage should dene with organic fertilizer at the
ratio 1-2 ton/ rai.

2. The use of swine manure in horticulture: soibidd be prepared by
mixing with fertilizer. The ratio is combination tdamy soil: swine manure (1:1) and
clay: swine manure (1:2). Sand and clay, firstlyx together in 1:1; then, the mixed
sand mixes with swine manure (1:1). For perertingad, 20-50 Kg./ plant is needed at
the bottom of exeavated pit and around bushes ey

3. To use swine manure fertilizer in vegetableication, it is suggested
that the fertilizer should be well decomposed liegr and it is recommended to use as
1 Kg. /1 nf area.

Raising one pig within a year can acquire fresmswnanure for 1-2 rai of
cassava cultivating and for 1-3 rai of vegetablgivating, cabbage, onion, garlic and

tomato.

2.1.4 The problems of less use of swine manure lariners

1. The amount of swine manure is insufficient beeait contains less
nutrients white the amount of usage is high.

2. Strong odor of swine manure can disturb peapkhé community so it
is not convenient to use.

3. The cost of labor and transportation of swinexuna to the cultivation

area are high (Rutthanalum, 2008).
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2.2 Centrifuged Residue

oK

Figure 2-1 Centrifuged Residue from Para rubber lagx

2.2.1 The characteristics of centrifuged residue

The characteristics of centrifuged residue are rame white or light
yellow color; moreover, it is considered as solidaste in composition of
contamination as dust, bark, remnants of leavessand together with Mg and P as
important components. It derives from the sedinteman clarifier as Figure 2-2 and
from the latex centrifuged process as Figure 2-8rddver, the Para rubber latex
factory, at the present time, does inappropriatenagament such as dumping
centrifuged residue as solid waste for land rectamaln fact, the component of
centrifuged residue is N, P and K that average ledua 2.28, 8.54 and 1.48% of dry
weight, respectively and the pH value is equal.@x0.1 which is necessary for plants
growth (Tekprasit, 1999 and Department of IndasiWorks, 2007).

Figure 2-2 Dry Para rubber tank picture before Blerded
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Figure 2-3 Centrifuged Residue from Centrifuged Praess

2.2.2 Ratio of Centrifuged Residue Process

At the Para rubber latex factory, centrifuged resichas been found
between 0.7-500 ton/month or the proportion of kkmed residue is 0.6-50 Kg. / 1
ton of rubber latex of which the production candueoe waste around 1% of the
rubber’'s weight. From the research, it was founat thach factory used latex to
produce rubber latex around 39.91-157.56 ton/déerdfore, it could be calculated
waste in the form of centrifuged residue from edatex factory about 0.39-1.58
ton/day (Takprasit, 1999). Centrifuged residue wassidered as waste with high
humidity. Practically, the factory dumped it as teasor for landfill. At the present,

some factories use it as fertilizer in oil palmr&tion.

Figure 2-4 Dumped Centrifuged Residue or Pile of Qarifuged Residue within
the Factory
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2.2.3 Utilization of Centrifuged Residue Approaches

General centrifuged residue is solid waste withilghly humid.
Practically, the factories dump it as wastes, aslflh materials and some use it as
fertilizer in oil palm plantation. Although centiifed residue contains useful nutrients
for plants, the research on utilization of centydd residue as fertilizer is rarely found.
However, centrifuged residue itself is contaminatéth latex scraps which might

affect to the soil quality in long term.

2.3 Para rubber tree

The Para rubber tree is an important industrialpcrat the moment,
Thailand is the first Para rubber producer in tleeley Indonesia and Malaysia is the
second and the third, respectively (////, 2008).

The Para rubber plantation area in Thailand, neatters through out the
country. Regarding the information from Rubber Reske Institution, it mentioned
that the total area of Para rubber plantation iail@hd was around 13.78 million rai;
moreover, the greatest Para rubber plantation mv®ei South of Thailand about 10.95
million rai, especially in Suratthani Province waout 1.81 rai. Furthermore, the
government, at present, supports the farmers tat flara rubber plantation through
expanding to the Northeast and the North depart3hafiland (Rubber Research
Institute of Thailand, 2008).

2.3.1 Botanical characteristics of Para rubber

Root is the primary root system which has both primroot and
secondary rodb find food andold stem. Generally, the depth of the rubber'd i®o
about 1-2 m. but the root will be deeper than 2f e soil quality is nice loose; at the
same time, there is secondary root in order tofibadl around the surface.

Stem is a cone-shape like when planted by seed &uks like tube when
it does propagation by grafting which is composk8 parts:

1. Wood

It is soft woodwhich has white and yellow color in core of thenste
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2. Tissue
It is thin tissue around the wood.
3. Bark

This outer part is next to the tissue which presel@nger from
outside. Inside bark connects to the tissue whashlatex tubes the most.

Leaves,in general, are compound leaves, 1 leaf stalk has 3
sub-leaf stalks. Each leaf is around 10-20 cm. land the leaf arrangement is spiral
pattern. Its duty is to cook, breath and emit. Tidgber’'s leaf sprout up layers called
“Chatra”. The tree will shed leaves during dry seasongpkthe rubber under 3 years
old, and each species has different characteristics

Flower blooms after rubber trees shed leaves by the end of
stem. Its shape is bouquet with male and femalgeite in the same inflorescences
which can breed open-pollination. Naturally, flower is during February-June and
the second is during August-October. The first Bowg can produce more fruits and
seeds than the second.

Fruit is like section and normally has 3 sections. Eaadtien
has small seed inside. It is green color wherpins, the color will change to brown
and hard. The diameter of ripe fruit is around 8.-cm. and the height is about 4.5
cm. One rubber tree provides 50 fruits/ years erage.

Seedis brown color with white stripe. The length i22 cm.
and the width is around 1.5-2.5 cm. together wishweight is around 3-6 Kg. The
rubber seed will sprout approximately 20 days.

Latex vessellooks like tube around the rubber stem from the
lower left to the upper right, excepting KRS 13@ps whose latex tube characteristic
is like clockwise. Normally, it is vertical arour®b’. The most density of latex vessel
is around the tissue and it gradually reduces atdwamd bark zone (Rubber Research
Institute of Thailand, 2007b and Wansiri, 2006).

Latex is suspension which is white or cream liquid. The
density is 0.975-0.980 g/ml. The pH is around 6®-ahd the viscosity is ambiguous
due to many factors such as rubber species, aggbér, system and the process of

rubber tapping and season.
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Table 2-2: The Components of Natural Latex

Components % by weight

Substance that is solid 36

Dry rubber content 33
Protein 1-1.5
Resin 1-25
Ash Reach tol
Sugar 1
Water...Blended with other substances ...100

Source: Kajornchaiyakul, 2006

2.3.2 Suitable condition for Para rubber plantation
The rubber can grow very well in these conditiosi$adiows:

1. Rubber plantation areathe elevation should not be above
600 MSL. In general, the rubber should plant in pteen area or the area elevation
with around 200 MSL. Moreover, the slope is lowsart 35° and if the slope is higher
than 40°, it is necessary to plant in terracesesyst

2. Soilthe rubber tree can grow very well in the inferskal.
The soil quality characteristic is different depeigd on parent material
(Keawruenrom, 2004). The depth of the land surfstoeuld not be lower than 1m.
without bedrock or subsoil layer, this can obstruarit growth. Moreover, the soil
should not be alkaline soil and has the pH 4.0a5.%vell as the groundwater should be
deeper than 1 m. The soil texture should be loday, loam or sandy clay loam and
the fertility is in moderate level and well ventda and should not be stagnant.
Therefore, soil is the influenced factor on rubp&ntation enhancing early tapping
with high yield. Therefore, soil is radically basfactor for rubber production
including adding fertilizer, vegetative cover arpgpeopriate soil management.

The soil group for planting rubber is classifiedoir2 groups:
clay loam group such as Chumphon series, Pathiu series, Ao Lueg&sseKrabi
series, Thai Muang series and Lamphura series fatutite previous rubber plantation
area; and Kabin Buri series, Chokchai series adGP@ng series found at the new

rubber plantation area; whikandy loam such as Khlong Thom series, Kho Hong
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series, Na Thawi series, Khuan Ka Long series, S&& series, Nam Krachai series,
Sadao series found at the previous rubber plantatiea; as well as Korat series,
Warin series, Satuk series and Yasothon series thed series have been found
suitable as new rubber plantation area (RubberdRelsénstitute of Thailand, 2007a).

For this study, the Krabi series was selectedHerexperiment
since it is very deep silty clay loam. Top soilleam and clay loam with well
ventilation. The pH is 4.5-5.5 which is suitable fobber tree and other perennial
trees.

3. Soil organic matter soil for planting rubber trees, in
general, has low organic matter so the amount df ®ganic matter essentially
increases through vegetative cover (fabaceae farbéyween the rubber tree lines
due to the fact that the amount of soil organicteratlecomposes and gradually
changes and vanishes. In case of soil erosion ibriswff (Kangpidsadarn, 2007a)
and lost soil organic matter, to restore the amofisbil organic matter is difficult and
takes time; therefore, the best protection is vent soil erosion and the land should
not be deserted.

4. Rainfall the volume of rainfall should not be less tharb@,3
ml./ year and it should not rain less than 120 Heags.

5. Relative Humidity is the important factor for planting
rubber. The change of relative humidity depends tbe volume and rainfall
distribution. In fact, the rubber can grow well thie place that has the relative
humidity between 65-90 %. The area having hightikedahumidity can plant rubber
tree very well and high production but it is easgause epidemic.

6. Temperature should be around 24-27 celsius in average

7. Wind speedshould not over 1 m. / second in average which
is suitable for rubber growing. The average of wspéed is 2.0-2.9 m. / second which
obstructs the growth of rubber and latex circulatidhe wind speed over 3 m. /
second restrains the growth of rubber tree andreeaféected latex circulation.

8. Light distance the requested light distance is between
1,800-2,800 hour/year but the light distance pey daes not impact on rubber
plantation (Rubber Research Institute of Thaila@@07b; Sangvatin, 2008 and
Suchard, 2005).
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9. Light intensity the rubber sprout needs the light intensity
around 60-70 %.

2.3.3 Rubber Variety for Experiment

Figure 2-5 Budding RRIM 600 Para rubber(seedling$

The RRIM 600 variety age two months was selectedHe
experiment. The prompt stumped budding was thedbrgebetween Tijir varieties
with PB 86 variety from Malaysia which has the itligras follows:

Leaf storey

The characteristic of leaf story is a cone sh#pe position of
lamina is opened, leaf storey is small and its vidtnarrow and the composed of a
relative number of leaves is sparse.

Leaf

The leaf color is yellowish green. The vivid cotdrmidrib is

yellowish green and the based leaf is acuminate.affex is apiculate. Blade (lamina)

isflat with pinately parallel venation The shape of middle leaflet with plamately

parallel venation is straight, obovagatire, flat and shiny.
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Petiole

The petiole is straight and moderate length. Leswar is
cordate. The inner part of sub-petiole is moddeaigth.

Auxiliary bud

The auxiliary bud is less bulging and is at theebafspetiole. It
sticks inside the stem.

Stem

The shape of stem is straight and its color and liendark
color.

Crown

It is moderate crown which looks like fan and iesndity is
ordinary.

Branches

Having low branching, the tree limb is rather lcamgd acute
angle with moderate size and extreme branch bending

Seed

It is medium size and square shape. The head,attent and
the back is entire and the external part is ridggether with there is the eruption on
the skin.

RRIM 600
B

Figure 2-6 Para rubber seed RRIM 600 variety.
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The advantages and disadvantages of RRIM 600 yamietas follows:
Advantages
e This rubber regularly provides a lot of latex
e The growth rate is found favorable during rublagping
e Tapping panel dryness rarely occurs
Disadvantages
e |t cannot be tolerate to Pink Disease, Phytophtheed Fall and Black Stripe
e |t is not suitable for planting at the shallow said at the high level of
groundwater (Sangvatin, 2008)

2.3.4 Para rubber seedling in nursery bag

Para rubber seedling meant the good quality buflegtaseedling
maintained in polyester bag until the rubber hdsat storey which was good quality
according to the standard of Department of Agricelt(Rubber Research Institute of
Thailand).

Para rubber seedling in nursery bag meant material used for
maintaining scion rubber until its leaves or caleaf storey sprouted up at least 1 leaf
storey and could cultivate in the plantation gi®angvatin, 2008

Para rubber seedling in nursery bagmeant the material used bud-grated
seedling to be planted in the polyester bag ar@i8danonths until the size of seedling
shown 2-3 leaf stories which was ready to be pthirighe plantation area. The size
of nursery bag was black color about 11x35 cm. ngakeams around 3 mm. 3 lines
and each line was around 5-7 reams (Office of thigbler Replanting Aid Fund).

The standard of Para rubber seedlindhas the quality as follows:
e The size of bag is at least11x35 cm. and the begpiwied in order to drain the
water.
e The soil characteristic is rather clay to prevenken bag during
transportation.
e The amount of soil should be higher than 25 cnmftbe bag edge and the bag

should not have weed.
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e The bud-grafted seedling in polyester bag shoulduadified according to the
standard set by the Department of Agriculture dmel gcion variety should
meet the specification of Department of Agriculture

e The scion rubber should be disease-free, inclutiaf stem and root and the
growth of rubber should have at least 1 leaf stam&y not over 2 leaf stories.

e The seedling should have leaf story and the hexjhtubber from the bud-
grafted mark to the top of the leaf is not over @0. (Rubber Research

Institute of Thailand) as shown in Figure 2-4.

20 cm.

e

Figure 2-7 Height Measurement of Para rubber seedig in nursery bag from the
bud to the tree top

The bud-grafted Para rubber seedling in polyestsy i3 popular and
suitable for rubber plantation and for plant repaécause plant growth would be
regularly uniformed and needed very few fixing fi@ad seedlings. The material used
for seedling such as

e Plastic bag should be black color size 11x35 crd.l@approximately reamed
for the whole bag.
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Soll texture for seedling should be rather clayat suggested to apply by soil
mixed with organic matter (manure or compost) ds [#us rock phosphate
fertilizer 10 g./ pack.

Based-seedling stem (Para rubber seedling) iota Variety which is easy to

bark, age from ;jéltill 8 months. The stem dimension is about 1.0<n? The

height from the ground is 10 cm. The local rublediing from natural seed
breeding such as RRIM 600, BPM 1, and RRIT 214. fiti@ary root system

is strong and had highly disease resistance Inaisitow latex production.

Figure 2-8 Based-seedling stem

Source: Rubber Research Institute of Thailag2807c

The standards of based rubber seedling stem used fimaking seedling

in nursery bag areas follows.

The single primary root is straight and undamaged coat.

The length of root from base is not less than 20 cm

The scion dimension is between 0.9-2.5 cm.

The length stem from soil cone to the scion isawdr 10 cm. and the scion
until stem indentation is not less than 8 cm.

The width of green budding is not less than 0.9 The scion condition should
well attach the stem without yellow color or dryseshe scion position should

not be upside down and should use scion petiole.
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e The scion stem should be fresh without diseasevasetl (Rubber Research
Institute of Thailand2007c).

Planting Para rubber seedling in the nursery bag

This method is popular and the most successful eoimgp with other
planting method because the survival rate is higgth steady growth; moreover, this
method shorten the duration of seedling plantirigradare and the rubber could be
tapped faster. However, the seedling in nurseryibagpensive and needed delicately
careful during transportation because if the badrisken, the chance of rubber
seedling to survive was also low. This method sthqaint during rainy season. The
first step is to dig the pit and prepare the segdtubber into the excavated pit by
placing the joint part between root and the scieimdp the same level of the pit edge,
cut off the bottom of the bag around 2-3 cm. ineortb cut the distorted part of the
root. Placing the rubber seedling into the pithvatjusted the root and the scion, cut
the plastic bag vertically ready for removing theut soil around the stem. It was
suggested that soil should be a little bit highemt the surrounding area in order to
prevent the stagnant water. Than softly removimgplastic bag off and put the stick
beside the new planted. Before dry season, thestreeld be covered with dry leaves
radius of 50-80 cm. and be far from the rubberstramund 5-10 cm. (Sangvatin,
2008).

The growths of rubber sprout

After the rubber seedlings are planted, the leakstlater appears in 2-6
weeks per 1 leaf storey; however, it depends oetiveonment and the rubber sprout
maintenance (Rubber Research Institute of Thajl20@d7c).

2.4 Rubber Fertilizer

The fertilizer is important for the growth and puation. Due to the rubber
infertile area for plantation and some areas haenlplanted rubber trees for long
time resulting in soil erosion and natural decontpws of soil organic matter, some
nutrients lost during rubber tapping. If the rubtrees could not get enough fertilizer,

it might affect to the growth and production.
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The rubber trees in different ages require differamount of nutrition
which showed the nutrient requirement in each dgeaigh (Kangpidsadarn, 2007b).
The nutrition, which rubber trees require, is Nari®l K called macronutrient elements
and the secondary nutrient is called micronutrienish as Ca, Mg and S and the
nutrient supplement less requires such as Zn, €uMn, B, Mo and CI. While the
plant gets C, H and from water and air (Wansiri, 2006).

The various nutrients, which is important for grogirubber as mentioned

above, have roles and importance as follows:

1. Nitrogen (N)

The role of N helps the rubber tree growing anddpoing latex. The
rubber trees require N a lot which is around 3-4Pdny leaf weight (Sangvatin,
2008); but in general, the soil in Thailand has litkogen because the farmers use the
fertilizer which has low nitrogen and low soil orga matter. Therefore, the Nitrogen
should be added by various methods; for exampdatiplg vegetative cover, Fabaceae
family, among the young rubber trees lines affézthie maintaining level of nutrition,
especially Nitrogen level, and adding Nitrogenriaober trees. If the rubber trees lack
of Nitrogen, the stem becomes small and bark daslairy and harder than normal;
thus, it is difficult to tap. The leaf is yellowigiteen and smaller than normal and has a
few. If it is severe condition, it will show in thirst leaf storey (Kangpidsadarn,
2007a).

Moreover, the fertilizer effects on the growth ahd production of rubber.
There are other related factors to the growth abdber production as well. From the
report (Deaet al, 2001), it mentioned that, likewise, the differelype of soil

influences on the growth and the production.

2. Phosphorous (P)

P is important in terms of cell division and llirig cell in plant. It helps
the root growing which helps root for more K abgimmp. Normally, the acid soil has
iron and aluminum. P is in form ferric Phosphatel @&duminum Phosphate which
plant cannot use its benefits. Therefore, the f&wilplanting rubber trees has low

available Phosphorus. The rubber trees, which ddghhosphorus, stop growing. The
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stem and leaf is violet and the latex is less bthea soil has a lot of Phosphorus, the

rubber trees will produce less latex.

3. Potassium (K)

Potassium is the important component of enzymechvis for synthesis
and for producing protein and starch; additionallyconveys starch and glucose and
controls pH balance as well as opened-closed besides, it helps the tree and root
system tolerating insects and weeds together witreases production and quality. It
means that if the rubber trees receive enough $latasthe bark will grow faster and
the volume of latex will increase. In other wordlsthe rubber trees receive less
Potassium, the bark will grow slower; the latexlgyavill decrease; the stem is small
and pale green; the apex gets dry and has browsradtawt some found red dots or

brown dots between venation of young leaves (ief@eal chlorosis).

4. Calcium (Ca)

Calcium is important for cell division and for celiall and helps the root
to grow. Ca can reduce toxic of aluminum which ighhin acid soil. Therefore, it
increases the benefits of Phosphorus and Potas3oiput Iron Phosphate increases
the advantage of calcium in soil as well as calciarthe rubber leaf due to the fact
that iron phosphate has Ca around 30 % of weidid.rlibber trees can adjust its elves
in the low calcium condition so lacking of calciwwannot find in the soil for planting
rubber.

5. Magnesium (Mg)

Mg is important micronutrient which is influenced the growth and on
increasing rubber production because Mg is the corapt of chlorophyll used for
photosynthesis. Even adding Mg reduces a numbé&raeks, it increases production
because the rubber trees vastly produce; the nutnehe leaves is used for producing
latex. Lacking of Mg in the rubber trees has leteX. The apex and the area between

venation obviously exhibit yellow color but venati still green color. The source of
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Mg is such as Mg fertilizer in form of Magnesiumlfate or Kieserite (26 %) and

dolomite.

6. Iron (Fe)

Fe is important to synthesis of chlorophyll buisitnot the component of
molecule of chlorophyll. Fe dissolves well in aadil but the soil, which has high
Phosphate, lacks of Fe because Fe reacts withtRessediment is disadvantage. To
add N, P, K and Mg to rubber trees for a long timakes the rubber trees being

difficult to absorb and the entire leaf becomesoyel

7. Manganese (Mn)

The role of Mn has various reactions with planthsas oxidation and
reduction which is the component of some enzymatedl|to plant respiration. The
enzyme stimulates the utilization of N and prodgahlorophyll. The soil for planting
rubber has high amount of P will lack of Mn becalde reacts with P causing
disadvantage sediment. If the rubber lacks of Msymptom is like lacking of Fe:
the leaf is pale yellow. Fe and Mn are antagorasheother. If there is a lot of Mn, the
rubber will absorb less Fe.

8. Zinc (Zn)

This mineral is related to metabolism of Auxin waliicontrols the growth
of rubber tree. Zn, which is advantage to rubbeedr should be able to dissolve in
water so the root can absorb. The benefit of Zneed when pH increases. Lacking of
Zn happens when the soil has a lot of P and Cls Thakes Zn reaction with P
becoming insoluble compound. If rubber lacks of Znstops growth, the latex

decreases, the leaf becomes small and the roetrioag feature.

9. Copper (Cu)
Copper produces Lignin which is the component afokBic acid Oxides

(enzyme) enhancing rubber tree growth. If the embdeverely lacks of Cu, it dies



Fac. of Grad. Studies, Mahidol Univ. M.Sc(Appro. Techn. for Resou. And Env. Dgl25

back in the soil having high organic matter suctpaat soil. Cu will be fixed with

organic matters which cause indigestible form of Cu

10. Boron (B)

Boron is important to produce cell, cell divisiondacell enlargement of
rubber tree. This chemical is related to the plphysiology process such as
metabolism. Boron is essential for rubber becatisgse immobile from old leaf to
young shoot. In case of Boron deficiency, the lsas®p growing and its shape is

eccentric; moreover, if it severely lacks of mirgtlae young shoot may die.

11. Molybdenum (Mo)

The function of this mineral is to produce protélihis mineral is different
from other minerals because the advantage of Melyboh will increase when the pH
is high. Indicating low pH level, pH level of rubbsoil is ranging about 4.0 - 5.5. If
the rubber lacks of this mineral, the latex de@d&angpidsadarn, 2007a).

2.4.1 Used fertilizer in Para rubber plantation ares is divided into 4
types

e Type 1 fertilizer used for sprout plot

e Type 2 fertilizer used for grafting plot

e Type 3 fertilizer used before tapping

e Type 4 fertilizer used after tapping

Type 1: Fertilizer used for sprout plot fertilizer applied for this plantation has, 2
types

Type 1 Fertilizer plant foundation, P (0-3-0) at the ratio of 150 Kg./ rai
gradually spreads through out the prepared plamatrea. The prepared soil should
be moderate fertile loam; in case of sand soil, umamr organic fertilizer should be
added during soil preparing around 1 ton/rai.

Type 2 Enrichment fertilizer should be added after planting for plant
enrichment. For old rubber plantation, the fergifizatio 20-8-20 of 40 Kg/ rai and the
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ratio 20-8-20 of 60 Kg./ rai applied for loamy cland sandy loam plantation,
respectively. On the other hand, the fertilizeroré&®0-10-12 of 30 Kg./ rai suitably

new rubber plantation areas.

Precautions in using manure as fertilizer

e Stop putting fertilizer for 1 month before graftingecause it could make
grafting be rotten.

e Should not put fertilizer close to the stem or reibleaves because they might
be burned. For the rubber sprout aging 1-2 morférslizer should widely
spread around 5 cm. and for the rubber sprout agimgonths and before
grafting for 1 month, fertilizer should graduallgread around the stem (Surat
et al, 2010 referenced in (Osotspa)).

e Fertilizer should be added when tHél@af storey turned to be and should not

put during shoot leaf.

Type 2: Fertilizer used for grafting plot

Fertilizer for grafting plot supported the more sess healthy seedling
resulting in more seedling quantity gained. For pldntation with loamy clay, the
fertilizer ratio 20-8-20 for 35 Kg/ rai and for shnloam, the ratio is 20-80 for 50
Kg./ rai. The fertilizer is ratio 20-10-12 for 30gK rai is used for new rubber
plantation and for all types of soil.

After grafted and truncated leaves, fertilizer ddobe added to enrich
graft. The ratio of fertilizer is 120 Kg./ rai uséaf the first year in the loamy clay or
180 Kg./ rai used for sandy loam; besides, thelifet in ratio of 90 Kg./ rai is used
for new rubber plantation by separating into 3 8mafter cutting the stem by 2
months, 4 months and 6 months respectively. afteting watersproutKing Kra
Dong) fertilizer 160 Kg./ rai is used for loamy clarfilizer for 240 Kg,/ rai used for
sandy loam or 120 Kg./ rai for the new rubber @#oh area by separating in to 4

times.
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Type 3: Fertilizer used before tapping
This type of fertilizer is used since rubber trees been planted until tapped
such as fertilizer for ground-based bottom andlieet for enrichment.

e Ground-based bottom fertilizer is essential for root growth acceleration.
Thus, rock Phosphorus fertilizer (0-3-0) has 25%otdél Phosphorus and 3%
available Phosphorous is recommended for its stgyaatation. The method
of using this fertilizer is to excavate the soilor? parts: the upper layer and
the lower layer. The upper soil put back into theawated pit, the lower soil
mixed with rock Phosphate fertilizer in ratio ofQLd./ pit.

e Enrichment fertilizer is for the growth acceleration of rubber tree andld
be tapped faster including to increase its productirhere are 2 formulas as
follows:

Formula 1: 20-8-20 for all types of soil at the aldbber plantation areas

Formula 2: 20-10-12 for all types of soil at thewribber plantation areas

The formula for the old rubber plantation areas tifferent ratio depending on
types of soitexture. The formula of the new rubber plantatiozaa is similar with all

types of soil as detail in Table 2-3.
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Table 2-3: The amount of fertilizer utilization before Tapping

Old rubber plantation New rubber plantation
Chemical _
Rubber _ N N Organic
Chemical fertilizer fertilizer -
sprout fertilizer
Year . 20-8-2(qg/tree 20-10-12
aging (kg/tree)
(g/treg
(Month)
_ _All kinds of
Loamy clay| Sandyloam| All kinds of sqil |
soi
2 70 100 60 1
1 5 100 140 80 -
11 130 170 100 -
14 150 200 110 2
2 16 150 210 110 -
23 150 210 120 -
3 28 230 320 180 2
36 230 320 180 -
4 40 240 330 180 2
a7 240 330 180 -
. 52 260 360 200 2
59 260 360 200 -
5 64 270 370 200 2
71 270 370 200 -

Source: Kangpidsadarn, 2007a

Type 4: Fertilizer used after tapping

After tapped rubber trees, it is necessary to adilization every year in
order to promote regularly increase the productibhe amount of appropriated
nutrition after tapped rubber trees is fertilizermhula 30-5-18 which is suitable for all
types of soil, both old and new rubber plantatioeaa through putting fertilizer in
ratio of 1 Kg./ tree/ year and separating inton2ets per year with 500 g./ tree for each

time. The fertilizer firstly put in the rainy seasafter shed leaves, while leaves semi-
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young to semi adult, around the end of April to Maye second time is around
August to September by sowing fertilizer far frone tstem around 3 m. or from the
middle of rubber line and concealed it at the sutfase building around 5-10 cm.

The soil, which lacks of Mg should, add Kiesirte6 (20 MgO) 80
g/treelyear. The rubber plantation with vegetatiweer regularly put fertilizer during
rubber lines. During the first 2 year of tappingg ffertilizer is unnecessary in case of
fertile soil and sufficient nutrient of rubber lemvbecause the fertilizer, in fact, is put
during sprout still enough at the first tappingsides, it is unnecessary to add fertilizer
after tapped since the remaining vegetative caveanch remnants, dry leaves and
have piled up for many years and when they arerdposed, they naturally turn in to

organic matter (Kangpidsadarn, 2007a).

2.5 The Summary of Used fertilizer Formula for thisResearch

The rubber fertilizer formula before tapping usedhis research was 20-
8-20 in ratio of 5 g./ tree, which was suitable ®months Para rubber seedling
experimented planting in polyester nursery bagbKsail series: Kbi was selected for
the experiment because its characteristic is veppdkilty clay loam. The top soil is
loam till loamy clay, well drainage and the pH i$-%.5 that is appropriated for

planting rubber trees and other perennial trees.

2.6 Related researches

The study of the liquid fertilizer preparation from Centrifuged
Residue of Rubber Latex (CRRL)by of Saowanee (2007) found the average mineral
guantity of centrifuged residue of N, P (in formR#05), K (in form of K20), Mg, Zn
and Ca as 3.31 %, 14.69 %, 1.01%, 12.24 %, 0.63% (aB3%, respectively.
Centrifuged residue was their distilled by distllevater, it was found that Mg was
dissolved the most around 3.90% by weight followsd N, K, Zn, and Ca, the
average quantities were 0.26 %, 0.25%, 0.16%, 0.883d.01%, respectively.
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The study of the centrifuged residuecharacteristic and its ratio from
latex industry by Warasri (1999), it presented that the produttex process created
the centrifuged residue in average of 10.7 kgn/dblatex. At the present, the factory
disposed by dumping as landfill which was inappiatpr practice. Regarding the
chemical properties analysis it was found thataterage amount of N, P and K was
equivalent to 2.28%, 8.54% and 1.48% of dry weigbspectively. Therefore, it was
tested with Manila grass and results good showemvthr rate. However, the
centrifuged residue contaminated with Zn and stagdix remained. Such latex in the
centrifuged residue could change the soil quatitipng term if the centrifuged residue
was used a lot because the latex was rather diffcwlecompose and block top soil;

thus, water absorption capability of soil was lesse

The study of the utilization of centrifuged residuefrom latex industry
together with the sediment from water treatment offrozen chicken factory in
form of soil enrichment by Walaiporn (2004) the study was conducted the
experiment with 3 kinds of plant, lettuce, tomatal aice. It was found these 3 plants
did not show any sign regarding lack of nutrierd @noduction by dry weight and was

not different from using chemical fertilizer.

The study of the utilization of chemicaldrtilizer and farm manure
by of Evanyloet al (2008 the study was conducted the experiment on matrepgin
and pepper plantation. The findings were that at itntial stage, the plot with
chemical fertilizer exhibited more plant growth thidnose cultivated by farm manure.
Later, physical properties of soil with farm manwurere more fertiléhan the plot used

chemical fertilizer.

The study of using organic fertilizer with chemicalfertilizer towards
the growth of rubber sprout in region 1 by Suwanmongkorret al (1998) the
experiment was conducted 3 times by employing 4adtdfial in RCB. The rate of
chemical fertilizer was 50%, 75% and 100% by weigimd without fertilizer;
consequently. The results showed that the rubbestwith fertilizer significantly had

better growth rate than without fertilizer. The dganic fertilizer applications, they



Fac. of Grad. Studies, Mahidol Univ. M.Sc(Appro. Techn. for Resou. And Env. Dgl31

were without fertilizer and the fertilizer usingtea of 100%, 200%, and 300% by
weight, it was found that the different rate of amg fertilizer using did not have any
affect to the plant growth significantly. The resgeer, however, could not summarize
that the use of organic fertilizer did not affelee tgrowth of young rubber due to the
fact that the amount of organic fertilizer probalgs not sufficient for the rubber

growth.

Effects of Organic Manure Application with Chemical Fertilizers on
Nutrient Absorption and Yield of Rice in Hunan of Southern China by Xu et al
(2008 this research conducted four different treatmengésitment 1, no nitrogen with
chemical P and KPK); treatment 2, swine manure orfM); treatment 3, N, P and K
chemical fertilizers onlyNPK) and treatment 4, half chemical fertilizers comHdine
with half swine manuré@NPKM). The results showed that organic manure applicatio
with chemical fertilizerqNPKM) increased the yield and Nitrogen use efficiency of
rice, reduced the risk of environmental pollutiodamproved soil fertility greatly. It
could be a good practical technique that protetiiecenvironment and raised the rice

yield in this region.

Effects of long-term chemical fertilization and organic amendments on
dynamics of soil organic C and total N in paddy sbiderived from barren land in
subtropical China by Li et al (2010 this research conducted five different treatments:
treatment 1, chemical fertilize(sIPK); treatment 2, chemical fertilizers and rice straw
(NPKRYS); treatment 3, chemical fertilizers and double amsuof rice straw
(NPK2RYS; treatment 4, chemical fertilizers and swine man({PKPM) and
treatment 5, chemical fertilizers and green mantine results showed that rice yield
was higher in treatments of organic amendmgNBKRS, NPK2RS, NPKPG and
NPKGM)than in chemical fertilization only. This study indted application of
chemical and organic fertilizers sustained reldivegh rice productivity. After rice
cultivation, SOC and total N increased linearly hwitultivation years, and
accumulated only in surface layer steadily but §fow
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Chemical degradation of a Ferralsol (Oxisol) undelintensive rubber

(Hevea brasiliensis) farming in tropical China by Zhanget al (2007 the experiment
was conducted with 3 kinds of sasloil was taken from fields of grass (before rubber
plantation), immature rubber (before tapping) arature rubber (after tapping). The
results showed that rubber cultivation in significalecline of soil organic C and
microbial biomass C. Available P was extremely lfmw all kinds of soil, resulting
from the naturally low P content and the high sorpicapacity of highly weathered
Ferralsol. Furthermore, soil pH decreased by al@obtunits, accompanied by an

increase of exchangeable Al by more than one-fold.

Effect of C/N on composting of swine manure with sadust by Huang
et al (20049 the experiment was conducted witlo aerobic static piles were prepared

consisting of swine manure mixed with sawdust troraf 3:2 w/w, fresh weightand
4:1w/w, fresh weight in order to achieveC/N of 30 (pile A) and 15 (pile B),

respectively. The results showed that co-compogsifrgyvine manure with sawdust at
low initial C/N of 15 could reduce the amount ofvslust used, but it would require a
composting period of more than 63 days. In additiba high EC value of the resulted

compost had to be reduced to levels that woulderett an inhibition on plant growth.

Effect of natural rubber processing sludge on the elgradation of crude
oil hydrocarbons in soilby Okieimenet al (2002 this research conducted four of the
flasks: flask 1, contained oil-contaminated soithwut the sludge; flask 2, 3 and 4
contained oil-contaminated soil with 100, 500 ar@d0 mg sludge, respectively. The
results showed that natural rubber processing sludas potential source of nutrient

supplement in agriculture.
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CHAPTER 111
RESEARCH METHODOLOGY

The research regarding utilization of blended lieer between centrifuged
residue from Para rubber latex and swine manurgrasth enhancement for Para
rubber seedling composed of 5 key procedures ehree methodology as following.

3.1 Experimental Location and Laboratory

3.2 Material, Laboratory Tools and Equipment

3.3 Research Implementation Design

3.4 Experiment Planning

3.5 Statistical Data Analysis

3.1 Experimental Location and Laboratory

3.1.1. Study sitefor Pararubber seedling growth experiment
The study was conducted at the deck of Building Fhculty of
Environment and Resource Studies, Mahidol Uniwersgalaya Campus, Nakhorn

Pathom Province.

3.1.2. Chemical Analysis of Sail, Centrifuged Residue, Swine Manure
and Water

The chemical analysis of soil, centrifuged residiene manure and water
was performed at the chemical lab, PhatthanaddtiBgi 1, Faculty of Environment
and Resource Studies, Mahidol University, Salaya@e, Nakhorn Pathom Province
and the central lab, Faculty of Science, Mahidoliversity, Phayathai Campus,
Bangkok.
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3.2 Material, Laboratory Tools and Equipment

1. Centrifuged residurom Para rubber latex.

2. Swine manure.

3. Uria fertilizer (46-0-0, Diammonium Phosphate fertiliz€t8-46-0 and
Potassium Chloride fertiliz¢D-0-60

4. RRIM 600 Paraubber seedling variety in polyester bags age 2thson

5. Experimented soil was Krabi Series (Kbi) (///, 8D0

6. Nursery bagsgpolyester bagfor seedlings, size 9x16 cm.

7. Experiment tools for fertilizer blending, and forogith of Para rubber
seedlings measurement.

8. Laboratory tools and equipment to analyze soil,trdeiged residue
from Para rubber latex and swine manure.

9. Chemical substances for properties analysis of seiltrifuged residue
from Para rubber latex and swine manure.

10. Equipment for measurement of young Para rubbedling growth.

3.3 Resear ch | mplementation Design

Research implementation design was divided intar&p
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Part 1 Before Experiment

137

Solil, Centrifuged residue and Swine manurs

'

pH

Organic matter

Total nitrogen
Available phosphorus
Available potassium
Electrical conductivity
Cation exchange
capacity

%B.S

Part 2 During Experiment l

Analysis and measurement of young Para rubber gréawtevery

15 days until 90 days

' '

Analysis of leached water during thg | Measurement of young Para rubher
experiment. seedling growth.
pH - Number of leaves
Electrical conductivity - trunk diameter
TKN - height of Para rubber seedling
Phosphate

Part 3 After Experiment

Y
Soil analysis after the experiment.

Figure 3-1 Resear ch implementation design
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Part 1 Before Experiment data collection and materials analysis were prepase

listed below:

3.3.1 Centrifuged residue from Pararubber latex
Centrifuged residue was collected from Sri TrangApdustry (Plc.),
Suratthani Branch) for chemical properties analysith related parameters as

following:

Table 3-1 Parameters and Chemical Properties Analysisfor Centrifuged residue

Parameters Analysis Method

1. pH pH meten,and Development Department(LDD), 2001
2. Quantity of organic materials Walkley and Black(LDD, 2001

3. Total Nitrogen Kjeldahl system(LDD, 2001

4. Available Phosphorus Bray-(L.DD, 2001

5. Available Potassium Flame photomete¢l.DD, 2001

6. Electrical conductivity Conductivity metét,DD, 2007)

7. Cation exchange capacity = Ammonium acetaté¢].DD, 20017)

8.%B.S > ( Exch.cation / CEGQ x 100,(LDD, 2001)

3.3.2 Swine Manure

Collection of swine manure from farms without SadiuHydroxide
application for odor eradication and insect repgllwas performed for chemical
properties analysis. The parameters done were dhee sas centrifuged residue as
shown inTable 3-1.

3.3.3 Sail

Soil sampling collection was prepared as represigataof all soil for the
experiment in conformity with Land Development Ddpeent (26). The purposive
sampling was applied to select the soil sample rdatg to the criteria of Land
Development Department (26). The soil samplingsewanllected from Wiang Sa
district, Suratthani province as presente#igure 3-2.
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Figure 3-2 Soil Sampling Collection Point

After that soil samples were analyzed for chempzaperties according to
parameters and analysis methods as same as cgedirifesidue mentioned in Table 3-
1. The procedure was included bulk density withistadbed soil sampling by core
method at 0-30 cm and 30-50 cm. depth for 3 sangdel. Bulk density referred to
the proportion of dry soil mass {rand total volumévy) (Keawruenrom, 2004 The

eguation was as follows:

Py = m,

\o
Then soil was picked up at 0-30 cm. depth and &fit kn nursery bags

with approximately 9 km./ bag.
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3.3.4 Pararubber seedling

Purposive young Para rubber variety chosen bydkearcher was RRIM

600 with age 2 months and was planted in nursegyskze 9 x16 cm.

3.3.5 The experiment consisted of 4 treatments as following

Treatments Nutrientsformula Conditions

1 Chemical fertilizer formula Quantity: 5 g/ bag
20-8-20

2 Centrifuged residue andAdjusting by N-P-K elements with
swine manure at proportiorchemical substance equivalent to
of 1:1 by weight Treatment 1, 5/¢ bag

3 Centrifuged residue andMixing between centrifuged residue
swine manure in proportionand swine manure, 5g/ bag
of 1:1

4 Without nutrients added -

(control treatment)

*Remark: soil and nutrients for all 4 treatments were wighas 9 kg/bag.

Part 2 During Experiment

Chemical properties of water were analyzed for y\ér days to explore

loosing of nutrients in watering. The measureméara rubber seedling growth was

done every 15 days considering from number of leavee trunk diameter by using

Vernier Caliper and height measuring by tape wergedt height of 3 cm. above bud-

grafted mark to compare the Para rubber seedliogtrper fertilizer utilization of

each treatment throughout 90 days.
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Table 3-2 Parametersand Analysis M ethod for water Chemical Properties.

Parameters AnalysisMethod
1. pH pH meteDepartment of Environmental Quality
Promotion(DEQP),2006
2. Electrical conductivity Conductivity metddDEQP, 2006
3. TKN Nesslerization MethodEQP, 2006
4. Phosphate Ascorbic Acid MethddEQP, 2006
5. Potassium Flame photometBEQP, 2006

Part 3 After Experiment
After 90 days of the experiment, soil and waterlysia was done with

related to parameters as presented in Table 3-Talplé 3-2 for post analysis results.

3.4 Experiment Planning

The experiment was planned in completely randomidesign (CRD.
Main plot of the experiment was RRIM 600 seedligg @ months with the same size
cultivated in nursery bag size 31 x 37 cm. Subspleere treated without various
fertilizer formula for 4 treatments and each treainwas added with designed
fertilizer formula as shown in item 3.3.5 for 18ds with 5g/ seedling/ tree (Rubber
Research Institute of Thailand, 2007a)this connection, the nursery was elevated 30
cm. above ground to place seedling where slant 5060 % sunlight protection was
put on top and covered with plastic sheets to ptatinfall. The experiment needed
watering every 2 days in the morning with 275 mracke the seedling and water
container to get the loosing water from nurserysbags placed under plantation
experiment throughout 90 days. Measurement of yderg rubber growth was done
for every 15 days by considering from number oWvé=a trunk diameter and height
according to the different fertilizer formula addedeach treatment. The measuring

tape and venire were applied to measure at 3 coveabrafted-bud mark and the
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analysis of nutrients was performed to investigh&loosing of nutrients by watering
every 15 days and also to calculate the actualemtsr utilized by seedling. After that
analysis of chemical properties of soil was donera®0 days of cultivation as

parameters shown ihable 3-1.

Table 3-3 Flowchart of Experiments

Length 12.5 meters

A

-~ N

RL| R2 | R3]

Tl 36 45 60

T2 7 32 43

13 58 30 47

T2 39 53 >3 * Remark * T1 = Treatmerit
T | 22 | 44| 28 T2 = Treatmen®
T2 26 10 24

T3 31 20 40 T3 = Treatment 3
T4 | 16 | 38 | 52 T4 = Treatment
T1 21 18 59

T2 33 3 34 R1 = Rowl

T3 25 14 51 . _

Ta a1 35 15 Width 2 meters R2 = Row

T1 8 48 5 R3 = Row3

T2 4 13 29

T3 11 17 9 1-60 = Para rubber trees

T4 50 55 46

T1 6 42 37

T2 27 2 57

T3 19 1 12
T4 56 54 49 }

3.5 Statistical Data Analysis

Statistical data was applied with Analysis of Vada (ANOVA) to
analyze statistical difference among the experialaggoups under distinct treatments
for comparative efficiency of each treatment. Isecaf difference, the procedure

would be applied with Tukey’ HSD of such variable.
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CHAPTER IV
RESULTS

4.1. Properties of soil, centrifuged residue of Parrubber latex and

swine manure before experiment

The following investigations were done prior to ekment: soil properties
of Krabi soil series at Wiang Sa district, Suratihgrovince; centrifuged residue of
rubber latex from Sri Trang Agro- Industry Plc. (&thani Branch); and swine
manure from farms in Suratthani province. The itsswlere tabulated ifable 4.1
which showed the analysis results of pH, organidtenatotal Nitrogen, available
Phosphorus, exchangeable Potassium, electrical uctwitly, cation exchange
capacity and percent age of base saturaticB. ).

It was found that the maximum average of pH of kkmged residue of
rubber latex was 7.71 followed by swine manure a@wil as 7.61 and 4.62
respectively. The electricity conductivity in swinganure showed maximum average
as 6,846.00 ps/cm. followed by the maximum averagesgntrifuged residue and soll
as 1,224.00 ps/cm and 40.38 us/cm, respectivehe average of organic matter in
swine manure was the highest as 39@2ollowed the centrifuged residue and soil as
12.56 % and0.91 % respectively. The maximum average of total Nitrogen
centrifuged residue was at 9.73 %, following wasgtvine manure and soil as 3%0
and0.14 % respectively. The average of available Phosphoregntrifuged residue
was the highest at 36.23 x*1ipm, followed by swine manure and soil at 23.200%
ppm and3.10 ppm. The maximum average of exchangeable $totasin swine
manure was equivalent to 15.51 X ppm, followed by in centrifuged residue and soil
at 0.21 x 16 ppm and37.28 ppm respectively. For cation exchange capaaid %B.S
in swine manure, they had the highest at 27.40 /gand 398.90%; followed by
centrifuged residue at 13.40 cmol/kg and 189&0rhe lowest average was found in

soil at 4.70 cmol/kg an84.40%, respectively.
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4.2 Soil properties after experiment

After 90 days of experiment, soil sample analysisswonducted for
chemical properties with the following parameteud; organic matter, total Nitrogen,
available phosphorus, exchangeable Potassium, riedctconductivity, cation
exchange capacity and %B.S. The experiment compufséd reatments: Treatment 1
was the chemical fertilizer with 20-8-20; Treatm@nivas the mixture of centrifuged
residue and swine manure in proportion of 1:1 adpidy N-P-K elements with
chemical substance for the concentration of 20-8¥28atment 3 was the mixture of
centrifuged residue and swine manure any in thegstimn of 1:1; Treatment 4 was

the control set (original soil without elements edpas presented rable 4.1

4.2.1 pH Value

The utilization of soil nutrients radically depeod pH value. Para rubber
capability to utilize soil nature usually grows higr moderate. It is capable of
adjusting in soil condition with low or rather Idertility, with pH ranges 4.5-5.5 (15).
From analyzed result of pH value prior to experitnéime pH value was about 4.62
while the analysis after experiment was found thathighest average of soil in the
control set at 5.04; followed by Treatment 2 whiwhs the centrifuged residue and
swine manure in proportion of 1:1 adjusted by N-Pelements with chemical
substance for the concentration of 20-8-20 witiL5dhd in Treatment 3 which was
the mixture of centrifuged residue and swine mamutée proportion of 1:1 as 4.99.
Treatment 1 which was the chemical fertilizer fofanR0-8-20 showed the lowest pH
value as 4.76, respectively.

Regarding the statistical test results, the pH ealu each Treatment
showed none of significantly statistical differenggh the control set at significance
level of 0.05. But for Treatment 2, Treatment 3 a@odtrol set had more pH value
than Treatment 1 at significantly statistical difiece of 0.05 as detail shownTiable
4.1 andFigure 4-1.
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5.1 - 5.04
5.01 4.99

49 -
4.8 - 4.76
4.7
4.6 -
4.5 -

Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-1 the values of pH(Treatment 1 was the chemical fertilizer at the
concentration of 20-8-20. Treatment 2 was the méxtof centrifuged residue and
swine manure with adjustment of N-P-K value by cloain fertilizer at the
concentration of 20-8-20. Treatment 3 was the méxtf the centrifuged residue and
swine manure in the proportion of 1:1. And Treattewas the control sét.

4.2.2 Electrical conductivity

From the analysis of electrical conductivity, thesult was found that
Treatment 1, the chemical fertilizer formula 20®-had the highest average of
electrical conductivity at 137.32 ps/cm. followey Breatment 2, the mixture of
centrifuged residue and swine manure in proportdnl:1 adjusted by N-P-K
elements with chemical substance for the conceotratf 20-8-20 and Treatment 3,
the mixture of centrifuged residue and swine marmurine proportion of 1:1 and the
control experiment were 128.85 ps/cm, 125.79 psé&m94.12 ps/cm, respectively.

The statistical test found that each Treatment aifisrent to the control
set with statistical difference at 0.05. Specifigathe highest electrical conductivity in
Treatment 1 was more than the control set followgdreatment 2 and Treatmedt

respectively as presentedliable 4.1andFigure 4-2.
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Electrical conductivity

160 -
140 - 128.85 125.79
120 -
100 -
80 -
60 -
40 -
20 -

94.12

ps/cm

Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-2The values of EC(Treatment 1 was the chemical fertilizer at the
concentration of 20-8-20. Treatment 2 was the méxtof centrifuged residue and
swine manure with adjustment of N-P-K value by cloain fertilizer at the

concentration of 20-8-20. Treatment 3 was the méxtf the centrifuged residue and

swine manure in the proportion of 1:1. And Treattmewas the control set.

4.2.3 Organic Matter

According to organic matter analysis after experitnethe findings
indicated that Treatment 2, the mixture centrifugedidue and swine manure in
proportion of 1:1 adjusted N-P-K elements with cheah substance for the
concentration of 20-8-20, and Treatment 3, the uméxtof centrifuged residue and
swine manure in the proportion of 1:1 showed th&imam average of organic matter
at 0.92%; followed by Treatment 1, the chemicatilieer formula 20-8-20, and the
control set, without any material added with therage value as 0.82and 0.8%,
respectively.

Regarding the statistic test results, Treatmenid®Taeatment 3 contained
more organic matter than control set with statidtatifference at 0.05. Treatment 1
found less organic matter than Treatment 2 andtifwat 3 but none of difference
with the control set with significantly statisticdifference at 0.05 as shown Tiable
4.1 andFigure 4-3.
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Organic matter
1 - 0.92 0.92

0.82 0.81
0.8 -
0.6 -

Yo

0.4 -
0.2 A
O -

Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-3The value of Organic Mattéifreatment 1 was the chemical fertilizer at the
concentration of 20-8-20. Treatment 2 was the méxtof centrifuged residue and
swine manure with adjustment of N-P-K value by cloain fertilizer at the
concentration of 20-8-20. Treatment 3 was the méxtf the centrifuged residue and
swine manure in the proportion of 1:1. And Treattewas the control sét.

4.2.4 Total Nitrogen

The analysis results of total Nitrogen in soil,was found that each
Treatment contained similarly average total Nitrng€onsidering in details among
treatments, Treatment 2 which was the mixture oftrdeged residue and swine
manure in proportion of 1:1 adjusted N-P-K elemenith chemical substance for the
concentration of 20-8-20, Treatment 3 which comgdasiethe mixture of centrifuged
residue and swine manure in the proportion of Tid #he control set, had the total
Nitrogen equivalent to 0.13%, while Treatment 1,ichhwas the chemical fertilizer
formula 20-8-20, had the average total Nitroged. 82%.

With regard to statistical testsult, each Treatment had no significantly

statistical difference at 0.05 as showmable 4.1andFigure 4-4.
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Total nitrogen

0.132 4 0.13 0.13 0.13
0.13

0.128 -
0.126 -
0.124 -

% 0.122 - 0.12

0.12 -
0.118 -
0.116 -
0.114 -
0.112

Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-4The values of Total nitroggifreatment 1 was the chemical fertilizer at the
concentration of 20-8-20. Treatment 2 was the méxtof centrifuged residue and
swine manure with adjustment of N-P-K value by cloain fertilizer at the
concentration of 20-8-20. Treatment 3 was the mextf the centrifuged residue and

swine manure in the proportion of 1:1. And Treattmewas the control set.

4.2.5 Available Phosphorus

The analysis results of available Phosphorus ih Joeatment 1, the
chemical fertilizer formula 20-8-20, had the avliéa phosphorus at the highest
amount of 37.95 ppm; followed by Treatment 2, thietane of centrifuged residue
and swine manure in proportion of 1:1 adjusted K-Rlements with chemical
substance for the concentration of 20-8-20, anétiment 3 which composed of the
mixture of centrifuged residue and swine manurg¢hm proportion of 1:1, had the
average available Phosphorus as 5.19 ppn8&idppm, respectively. For the lowest
guantity, the available Phosphorus was rarely dedeio control set.

For the statistical test result, the available Phosus of all Treatments
were found higher than the control set with siguaifitly statistical difference at 0.05.
The most significant difference was showed in Trestit 1 followed by Treatment 2
and Treatment 3, respectively with the significardtiatistical difference at 0.05. The
most was found in Treatment 1 more than in Treatn®ewhile Treatment 1 was

higher than Treatment 2, respectively. But betw&esatment 2 and Treatment 3,
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none of statistical difference was found in sigrdfit level at 0.05 as tabulated in
Table 4.1andFigure 4-5.

Available phosphorus

45 37.95
40 -

35 -
30 -
25 A
20 -
15 A
10 A

ppm

Trace

Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-5The values of available phosphorgsreatment 1 was the chemical
fertilizer at the concentration of 20-8-20. Treatin2 was the mixture of centrifuged
residue and swine manure with adjustment of N-Pakier by chemical fertilizer at the
concentration of 20-8-20. Treatment 3 was the méxtf the centrifuged residue and

swine manure in the proportion of 1:1. And Treattmewas the control set.
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4.2.6 Exchangeable Potassium

From the analyzed result, the analysis of exchdrgeotassium in soll
after experiment for Treatment 1, the chemical ilieer formula 20-8-20, the
exchangeable Phosphorus, was found with the higimestint of 35.13 ppm.; followed
by Treatment 2, the mixture of centrifuged residnd swine manure in proportion of
1:1 adjusted by N-P-K elements with chemical suixstafor the concentration of 20-
8-20, and the control set, the exchangeable Phospheere equivalent to 24.83 ppm.
and 14.99 ppm., respectively. The lowest averags feand in Treatment 3, the
mixture of centrifuged residue and swine manuréha proportion of 1: 1, at 14.87
ppm.

Regarding the statistical test result, the exchabige Phosphorus in
Treatment 1 and Treatment 2 were found higher timarthe control set with
significantly statistical difference at 0.05. Amongeatments 1, 2 and 3, the
significant difference was found with significantbfatistical level at 0.05 as well.
Specifically, the most quantity was found in Treatml followed by Treatment 2 and

Treatment 3, respectively as detail showitable 4.1andFigure 4-6.

Exchangeable potassium
40 -+ 35.13

30 +

24.83

20 14.87 14.99

ppm

10

Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-6The values of exchangeable potassidimeatment 1 was the chemical
fertilizer at the concentration of 20-8-20. Treain2 was the mixture of centrifuged
residue and swine manure with adjustment of N-Pakier by chemical fertilizer at the
concentration of 20-8-20. Treatment 3 was the méxtf the centrifuged residue and

swine manure in the proportion of 1:1. And Treattmewas the control set.
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4.2.7 Cation exchange capacity (CEC)

The analyzed results of cation exchange capacigC)@vere found that
Treatment 2, the mixture of centrifuged residud awine manure in proportion of
1:1 adjusted N-P-K chemical fertilizer for the centration of 20-8-20, the cation
exchange capacity (CE@)as the highest amount of 5.45 cmol/kg.; Treatm3enhich
was the mixture only the centrifuged residue anshewnanure in the proportion of 1:
1, and Treatment 1 which was used only chemicdllifer formula 20-8-20 and
control set, the average values were equivaledid® cmol/kg. 5.33 mol/kg. ané.02
cmol/kg., respectively.

The result of statistical test was found that eabteatment was
significantly different to the control set at sséitally significant difference at 0.05.
Treatment 2 was found the highest CEC, greater thancontrol set; followed by
Treatment 3 and Treatment 1 which had more CEC tih@rcontrol set, respectively

as shown imable 4.1andFigure 4-7.

Cation Exchange Capacity

5.6 -
5.5 - 5.45 5.43
54 -
53 -
52 -
51 -

Cmol/kg

49 -
4.8 -
4.7 -

Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-7The values of CEQTreatment 1 was the chemical fertilizer at the
concentration of 20-8-20. Treatment 2 was the meéxtof centrifuged residue and
swine manure with adjustment of N-P-K value by cloai fertilizer at the

concentration of 20-8-20. Treatment 3 was the méxtf the centrifuged residue and

swine manure in the proportion of 1:1. And Treattmewas the control set.
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4.2.8 Percentage of base saturatiai%e B.S

For the analyzed results of %BS, the highest amaast 1,740.276 and
found in Treatment 2, the mixture of centrifugedidee and swine manure in
proportion of 1:1 adjusted by N-P-K chemical fezel for the concentration of 20-8-
20. The average results were followed by Treatniemtith the chemical fertilizer
formula 20-8-20, the control set and Treatmenth®, mixture only the centrifuged
residue and swine manure in the proportion of &4s11,719.28%, 1,514.75% and
1,503.5%%, respectively.

Based on statistical test result, %BS in Treatnieahd Treatment 2 was
found greater than in the control set with sigmifity statistical difference at 0.05.
The highest amount of %BS was found in Treatmemgfr@ater than in the control set
respectively. Among Treatment 1, 2 and 3, the Sigamt difference was found with
significantly statistical level at 0.05 as well.&'most %BS was in Treatment 2 and
greater than in Treatment 3; followed by Treatniethat greater than in Treatment 3
respectively; while none of %BS difference was fum Treatment 1 and Treatment 2

as shown imable 4.1andFigure 4-8.

% BS
2,000.00 -~ 1,719.28 1,740.27
1,503.59 1,514.75
1,500.00 -
% 1,000.00 -
500.00 -
0.00 -
Treatment 1 Treatment 2 Treatment 3 Control

Figure 4-8The value of %BS(Treatment 1 was the chemical fertilizer at the
concentration of 20-8-20. Treatment 2 was the mextof centrifuged residue and
swine manure with adjustment of N-P-K value by cloain fertilizer at the

concentration of 20-8-20. Treatment 3 was the méxtf the centrifuged residue and

swine manure in the proportion of 1:1. And Treattewas the control sét.
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4.3 Nutrient leachate

During experiment, water flowing from watering Panéber seedling was
typically stored every 15 days for lost nutrienalgsis. The investigated parameters
were in terms of:

e pH

e Electrical conductivity

e Total Nitrogen

¢ Available Phosphorus

e Available Potassium

4.3.1 pH

Table 4-2 The Values of pHMean +SD, n =15

Day Treatmentl TreatmentZlreatment3 Control

0 6.5040.01d 6.5240.01b 6.6940.01d 6.6240.02¢
15  6.4540.01d 6.4440.01b 6.6840.01d 6.6240.02c
30  6.3940.01d 6.4040.01b 6.6540.01d 6.6240.01c
45  6.3640.01a 6.3640.0l1a 6.648.01c 6.628.01b
60  6.3440.01d 6.3540.0l1a 6.630.0lc 6.618.01b
75  6.2240.018 6.2040.01a 6.608.03c 6.616.01c

90 6.0240.038 6.0040.01a 6.608.01b 6.6040.02b

1/ = similar English alphabet at the vertical axiswsbd indifferent value of statistically significaat
0.05 levels by Tukey’'s HSD method. However, différEnglish alphabets in vertical axis showed the
difference of statistically significant at 0.05 & by Tukey’'s HSD method. If there was more than
one alphabet in the vertical axis, for exampleiameans that there was no difference of statiyica
significant at 0.05 levels from a and b by TukeiASD method. Treatment 1 was the chemical
fertilizer at the concentration of 20-8-20. Treatin@ was the mixture of centrifuged residue and
swine manure with adjustment of N-P-K value by cluaifertilizer at the concentration of 20-8-20.
Treatment 3 was the mixture of the centrifugedd@siand swine manure in the proportion of 1:1.
And Treatment 4 was the control set.
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To consider the pH variance following the time fenpH in each
Treatment gradually descended in value. For Treat 1 adding the chemical
fertilizer with 20-8-20 in days 0, 15, 30, 45, 8, and 90, the average pH values were
equivalent to 6.50, 6.45, 6.39, 6.36, 6.34, 6.22602, respectively.

For Treatment 2 which was the mixture of centriligesidue and swine
manure in proportion of 1:1 adjusted N-P-K valughwthemical fertilizer for the
concentration of 20-8-20 in da@s 15, 30, 45, 60, 75 and 90, the average pH values
were equivalent to 6.52, 6.44, 6.40, 6.36, 6.3%) &nd6.00, respectively.

For Treatment 3 which contained with mixture of ttemtrifuged residue
and swine manure in the proportion of 1: 1 in day45, 30, 45, 60, 75 and 90, the
average pH values were equivalent to 6.69, 6.685,65.64, 6.63, 6.60 ar&l60,
respectively.

Furthermore, in the control set, which none of elata of an experiment
were added in days 0, 15, 30, 45, 60, 75 and @aterage pH values were slightly
changed, equivalent to 6.62, 6.62, 6.62, 6.62, &l and.60, respectively.

To consider the statistical test result, each Tmeat was different to the

control set with significantly statistical differemat 0.05.
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4.3.2 Electrical Conductivity

Table 4-3 The values of EGus/cm) (Mean +SD, n =15

Day Treatmentl Treatment2 Treatment3 Control

0 1462.670.90d" 1444.209.43c 1406.332.87b 559.602.13a
15  1447.479.90d' 767.074.67c 655.672.16b 552.602.87a
30 1281.400.90d' 746.202.70c 645.004.56b 537.132.75a
45 1200.800.90d' 705.13®.61c 603.67R.26b 525.472.85a
60 1143.20t+.20d' 665.072.19c 555.674.80b 506.93®.02a
75  1029.000.80d' 614.672.50c 525.202.18b 495.008.21a
90 971.004.60d’ 572.479.75c 503.672.16b 487.87®.17a

Results / 54

1/ = similar English alphabet at the vertical axiswtd indifferent value of statistically significaat

0.05 levels by Tukey’s HSD method. However, différEnglish alphabets in vertical axis showed the
difference of statistically significant at 0.05 &s by Tukey’'s HSD method. If there was more than
one alphabet in the vertical axis, for exampleitaimeans that there was no difference of statiyica
significant at 0.05 levels from a and b by TukeidSD method. Treatment 1 was the chemical
fertilizer at the concentration of 20-8-20. Treatin@ was the mixture of centrifuged residue and
swine manure with adjustment of N-P-K value by cluaifertilizer at the concentration of 20-8-20.
Treatment 3 was the mixture of the centrifugeddwsiand swine manure in the proportion of 1:1.
And Treatment 4 was the control set.

Consideration of EC by time frame, each Treatmeatigally descended
in values. For Treatment 1 adding the chemicalliteet formula 20-8-20 in days 0,
15, 30, 45, 60, 75 and 90, the average electraradlactivity values were equivalent to
1462.67 ps/cm, 1447.47 ps/cm, 1281.40 ps/cm, 1Q0Q8cm1143.20 ps/cm,
1029.00 ps/cm and 971.00 ps/cm, respectively.

For Treatment 2 which was the mixture of centriigesidue and swine
manure in proportion of 1:1 adjusted N-P-K valughwechemical fertilizer for the
concentration of 20-8-20 in da@s 15, 30, 45, 60, 75 and 90, the average elettrica
conductivity values were equivalent to 1444.20 ms/€67.07 ps/cm, 746.20 ps/cm,
705.13 ps/cm, 665.07 ps/cm, 614.67 usaom 572.47 ps/crmespectively.

In Treatment 3 which contained the mixture of dénged residue and
swine manure in the proportion of 1: 1 in days%®,30, 45, 60, 75 and 90, the average
electrical conductivity values were equivalent 49@.33 ps/cm, 655.67 ps/cm, 645.00
pus/cm, 603.67 pus/cm, 555.67 ps/cm, 525.20 paf®03.67 ps/cm, respectively.
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Furthermore, for the control set, which none ofredats of an experiment
were added in days 0, 15, 30, 45, 60, 75 and @aterage electrical conductivity
values were equivalent to 559.60 ps/cm, 552.60nus387.13 ps/cm, 525.47 ps/cm,
506.93 pus/cm, 495.00 ps/cm a4Rl7.87 ps/cm, respectively.

To consider the statistical test, each Treatmdferdd from the control set

with significantly statistical level at 0.05.

4.3.3 Total Nitrogen

Table 4-4 Thevalues of Total Nitrogen (%) (Mean + SD, n = 15)

Day Treatmentl Treatment2  Treatment3 Control

0 3.620.27¢ 1.574#0.32b  0.376.14a nil
15  2.730.44¢ 0.4940.20b 0.076.13a nil
30  1.58€.280' 0.0640.12a nil nil
45  0.399.148 nil nil nil
60 nil nil nil nil
75 nil nil nil nil
90 nil nil nil nil

1/ = similar English alphabet at the vertical axiswkd indifferent value of statistically significaat
0.05 levels by Tukey’'s HSD method. However, différEnglish alphabets in vertical axis showed the
difference of statistically significant at 0.05 & by Tukey’'s HSD method. If there was more than
one alphabet in the vertical axis, for exampleitatmeant that there was no difference of statifiica
significant at 0.05 levels from a and b by TukeidSD method. Treatment 1 was the chemical
fertilizer at the concentration of 20-8-20. Treatin@ was the mixture of centrifuged residue and
swine manure with adjustment of N-P-K value by cluainfertilizer at the concentration of 20-8-20.
Treatment 3 was the mixture of the centrifugeddwsiand swine manure in the proportion of 1:1.
And Treatment 4 was the control set.

To consider the total Nitrogen by time frame, timelihgs was that none of
total Nitrogen was found in the control set. ButTireatment 1 adding the chemical
fertilizer formula 20-8-20, Treatment 2 with thextire of centrifuged residue and
swine manure in proportion of 1:1 adjusted N-P-Enaknts with chemical fertilizer
for the concentration of 20-8-20 and Treatment &ta@ioing only the mixture of
centrifuged residue and swine manure in the prapomf 1: 1, the total Nitrogen

gradually descend in value to nil. Specifically foreatment 1, the average total
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Nitrogen was found the average values of days 0,305and 45 at 3.62%, 2.73%,
1.58%, 2.73%, 1.58% and 0.39%. While Treatmenh@ average total Nitrogen was
found only in days 0, 15 and 30 at the averageegabf 1.57%, 0.49% and 0.06.
For Treatment 3, the total Nitrogen in day O wasragely equivalent to 0.37% and
day 15 at 0.07%.

To consider the statistical test result, each Tmeat during day 0 to day
45 was different to the dominance set with sigaifity statistical difference at 0.05

levels.

4.3.4 Available Phosphorus

Table 4-5 The values of available phosphorus (ppm) (Mean + SD, n = 15)

Day Treatmentl Treatment2 Treatment3 Control
0 0.189.108"  0.0240.02a 0.026.01a nil
15 nil nil nil nil
30 nil nil nil nil
45 nil nil nil nil
60 nil nil nil nil
75 nil nil nil nil
90 nil nil nil nil

1/ = similar English alphabet at the vertical axiswld indifferent value of statistically significaat
0.05 levels by Tukey’s HSD method. However, différEnglish alphabets in vertical axis showed the
difference of statistically significant at 0.05 &% by Tukey’'s HSD method. If there was more than
one alphabet in the vertical axis, for exampleitaimeant that there was no difference of statifljica
significant at 0.05 levels from a and b by TukeiASD method. Treatment 1 was the chemical
fertilizer at the concentration of 20-8-20. Treatin@ was the mixture of centrifuged residue and
swine manure with adjustment of N-P-K value by cloadnfertilizer at the concentration of 20-8-20.
Treatment 3 was the mixture of the centrifugeddwsiand swine manure in the proportion of 1:1.
And Treatment 4 was the control set.

Regarding available phosphorus quantity within tihee frame, available
phosphorus was not found in the control set. HoweweTreatment 1, the chemical
fertilizer at the concentration of 20-8-20; Treatin@, mixture of centrifuged residue

and swine manure with adjusted N-P-K value by cloamifertilizer at the
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concentration of 20-8-20; and Treatment 3, mixwireentrifuged residue and swine
manure in the proportion of 1:1, available phospeowvas only found in Day 0 with
the highest quantity of 0.18 ppm in Treatment le Tdllowing were Treatment 2 and
Treatment 3 with an equivalent quantity of 0.02 ppm

To consider the statistic test results, it was tbtimt each Treatment of

Day 0 differed from the control set at the stataty significant level of 0.05.

4.3.5 Exchangeable Potassium

Table 4-6 The values of exchangeable potassium (ppm) (Mean + SD, n = 15)

Day Treatmentl Treatment2 Treatment3  Control
0 7.000.385" 6.83#0.20b  5.958.93a nil

15 6.360.59¢/ 5.784#0.44b  3.458.67a nil

30 5.680.64¢  4.6241.0lb  1.666.35a nil

45 4.4990.96¢/ 1.7940.33b  0.818.11a nil

60 3.3790.858'  0.164.02a nil il

75 1.980.621 nil nil nil

90 0.94-0.52 il il il

1/ = similar English alphabet at the vertical axiswkd indifferent value of statistically significaat
0.05 levels by Tukey’'s HSD method. However, diffarEnglish alphabets in vertical axis showed the
difference of statistically significant at 0.05 &8s by Tukey’s HSD method. If there was more than
one alphabet in the vertical axis, for exampleitameans that there was no difference of statikyica
significant at 0.05 levels from a and b by TukeiASD method. Treatment 1 was the chemical
fertilizer at the concentration of 20-8-20. Treatin@ was the mixture of centrifuged residue and
swine manure with adjustment of N-P-K value by cluainfertilizer at the concentration of 20-8-20.
Treatment 3 was the mixture of the centrifugeddwsiand swine manure in the proportion of 1:1.
And Treatment 4 was the control set.

Regarding the quantity of exchangeable potassiutiirwthe time frame,
no exchangeable potassium was found in the cosgtoHowever, in Treatment 1, the
chemical fertilizer at the concentration of 20-8-Zleatment 2, the mixture of
centrifuged residue blended with swine manure &egudN-P-K value by chemical
fertilizer at the concentration of 20-8-20; and &treent 3, the mixture of centrifuged
residue and swine manure in the proportion of gradually descend in value to nil.
From Day 0, 15, 30 and 45, it was found that tighést value of the exchangeable
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potassium in Treatment 1 were 7.00 ppm, 6.36 ppré8 ppm anadt.49 ppm,
respectively. Following was the Treatment 2 withauerage quantity of 6.83 ppm,

5.78 ppm, 4.62 ppmaz 1.79 ppm, respectively and Treatment 3 with an ayer
quantity of 5.95 ppm, 3.45 ppm, 1.66 ppm &Mll ppm, respectively.

For the statistic test results, it was found ttetheTreatment differed from
the control set at the statistically significantdeof 0.05.

After 60 days, the highest average value of exchallg potassium was in
Treatment 1 at 3.37 ppm; the following was the et 2 with average value at
0.16 ppm. However, no exchangeable potassium dyavas found in Treatment 3.

Regarding the statistic test results, it was fouhdt each Treatment
differed from the control sets at the statisticalignificant level of 0.05

During 75 and Day 90, the exchangeable potassius) faand only in
Treatment 1 at the values of 1.98 ppm and 0.94 ppspectively. Regarding the
statistic test results, it was found that there wasatistically significant level of 0.05

between the control set and each Treatment.

4.4 Growth Development of Para rubber seedling

From this experiment, the RRIM 600 Para rubber lsegdariety age 2
months planted in nursery bags, derived from tlesszhybrid of Tjir variety and PB
86 variety from Malaysia, which is the most populariety among farmers because it
provides more rubber latex than other variety amsl dood growth rate during rubber
latex tapping. The measurement of the Para ruldsstlisg growth was made at 3 cm.
height from the bud-grafted mark for every 15 déysughout the 90 days experiment
period considering the height (cm.), trunk diamétem.) and numbers of leaves.
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4.4.1 Height (cm.)

54 -
51 -
48 -
45 -
42 -
39 -

= =Treatment 1
= Treatment 2

Treatment 3

Height( cm.)

36 -
33 -
30

«ee3ée Control

Day 0 Day 15 Day 30 Day 45 Day 60 Day 75 Day 90

Figure 4-9 Height of Pararubber seedling (cm.)
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Height Comparison among 4 Treatments

From Figure 4-9 and Table 4-8 showing young Patzbeu seedling
growth measurement results by the height, it wd#ated that.

After 15 days, the young rubber plant height ofafineent 2, with the
centrifuged residue blended with swine manure atdsged concentration at 20-8-20
by chemical fertilize changed from 37.05 cm to &0cin. (3.10 cm. taller than the
original heigh}. Following was the height of Treatment 1, the cloainfertilizer
concentration of 20-8-20, with changing height frd8m57 cm. to 37.25 cng0.52 cm.
taller than the original heightLastly, Treatment 3he mixture of centrifuged residue
and swine manure in the proportion of 1:1 with adiag height from 40.65 cm. to
41.16 cm(0.51 cm. taller than the original heighRegarding the statistic test results,
it was found that the height in each Treatment Imad statistically significant
difference at 0.05 levels.

After 30 days, the highest average height of yoBaga rubber seedling
was found in Treatment 2 changing from 40.15 cm.4823 cm.(with height
difference of 3.08 cny. Following was the average height in Treatmentangmg
from 37.25 cm. to 39.15 cmi1.90 cm. taller than original heighfAs for Treatment 3,
the average height changed from 41.16 cm. to 4&1v4with the height difference of
1.58 cm). Lastly, the average heights of the control seingled from 39.49 cm. to
40.10 cm.(with 0.16 cm. in difference respectively. Regarding the statistic test
results, it was found that the height in each Trnegit had no statistically significant
difference at 0.05 levels.

At the day 45 of the experiment, the highest aveiragjght of young Para
rubber seedling was found in Treatment 2 changiogn 43.23 cm. to 46.71 cr(B8.48
cm. taller than the original height~ollowing was the average height in Treatment 1
changing from 39.15 cm. to 40.71 cfh.56 cm. taller than the original heigghis for
Treatment 3, the average height changed from 42ni4to 43.47 cm(with the
difference of 0.73 cnn. Lastly, the average height in the control setngiea from
40.10 cm. to 40.44 cm(0.34 cm. taller than the original heightespectively.
Regarding the statistic test results, it was fotlhvad the height in each Treatment had

no statistically significant difference at 0.05 éé/
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After 60 days, the highest average height of yoBaga rubber seedling
was found in Treatment 1 with height changing frd®71 cm. to 44.89 cni4.18 cm.
taller than the original height Following was the average height in Treatment 2
changing from 46.71 cm. to 48.47 c(.76 cm. taller than the original heighThe
height in Treatment 3 changed from 43.47 cm. taB4tm. (with 0.37 cm. in
difference. Lastly, the average height of control set chanfyech the lowest, 40.44
cm., to 40.67 cm(0.23 cm. taller than the original heightespectively. Regarding the
statistic test results, it was found that the heigleach Treatment had no statistically
significant difference at 0.05 levels.

After 75 days, the highest average height of yoBaga rubber seedling
was found in Treatment 2 changing from 48.47 cn®(a@l3 cm(1.96 cm. taller than
the original height Following was the height in Treatment 1 changenfr44.89 cm.
to 45.89 cm(1.00 cm. taller than the original heightreatment 3, the average height
changed from 43.84 cm. to 44.57 awith 0.73 cm in difference Lastly, the control
set, height changed from the lowest, 40.67 cm.0t®84cm.0.27 cm. taller than the

originalheighy, respectively. Regarding the statistic test resultwas found that the
height in each Treatment had no statistically igamt difference at 0.05 levels.

After 90 days of determined experiment period, Highest average height
of young Para rubber seedling was found in Treatrfieshanging from 45.89 cm. to
46.86 cm.(with 0.97 cm. taller than the original heighEollowing was the average
height in Treatment 2 changing from 50.43 cm. td5Xm.(with 0.72 cm. taller than
the original height The height in Treatment 3 changed from 44.57 tond4.81 cm.
(with the difference of 0.24 cm.Lastly, the height of the control set changednfro
40.94 cm. to 41.17 cm(0.23 cm. taller than the original heightespectively.
Regarding the statistic test results, it was fotmat the height in Treatment 2 was

higher than the height in the control set at thdidtcally significant levels of 0.05.
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4.4.2 Trunk Diameter (mm.)
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Figure4-10 Trunk Diameter of Pararubber seedling (cm.)
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Comparison of Trunk Diameter among 4 Treatments

Figure 4-10 and Table 4-8 showed the growth devedy measurement
result of trunk diameter of young Para rubber segdit showed that after 15 days,
the highest trunk diameter measurement value fonntreatment 2, the mixture of
centrifuged residue and swine manure with N-P-Kistijent by chemical fertilizer at
the concentration of 20-8-20, changed from 0.55 en@.63 mm(with 0.08 mm. in
differencg. Following was the average height in Treatmenhé& chemical fertilizer at
the concentration of 20-8-20, changing from .60 ror0.67 mm(with the difference
of 0.04 mm). Lastly, the height of Treatment 3, the mixturecentrifuged residue and
swine manure in the proportion of 1:1, the avemfgewest height changed from 0.63
mm. to 0.65 mm(0.02 mm. taller than the original heightespectively. Regarding
the statistic test results, there was no statitisignificant difference at 0.05 levels
was found in any Treatment.

After 30 days, the highest average trunk diametend in Treatment 2
changed from 0.63 mm. to 0.67 m(with expansion of 0.04 mm.Following was
Treatment 3 changing from 0.65 mm. to 0.67 nwith expansion of 0.02. As for
the control set, the trunk diameter changed fro®2Onm. to 0.63 mm(with
expansion of 0.01 mm.Lastly, there was no expansion of trunk diametas found
in Treatment 1, respectively. Regarding the siatistst results, there was no
statistically significant difference at 0.05 levelas found in any Treatment.

After 45 days, the highest average trunk diametend in Treatment 1
and Treatment 2 at the equivalent changed from @®7. to 0.70 mm.(with
expansion of 0.03 mm.Following was the trunk diameter in Treatmentrgl ahe
control set at the equivalent change from 0.67 mnad 0.63 mm. to 0.69 mm. and
0.65 mm. (with expansion of 0.02 mm. respectivelyRegarding the statistic test
resultsthere was no statistically significant differen¢eda@5 levels was found in any
Treatment.

After the 60 days period, the highest average trdiskmeter found in
Treatment 3 changed from 0.69 mm. to 0.74 ngwith expansion of 0.05 mm.
Following was the diameter in Treatment 2 chandgmogn 0.70 mm. to 0.74 mm.
(with expansion of 0.04 mm.As for Treatment 1, the trunk diameter changednfr

0.70 mm. to 0.73 mmwith the expansion of 0.03 mm.The control set, the lowest
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trunk diameter, changed from 0.65 mm. to 0.67 rwith expansion of 0.02 mm.
respectivelyRegarding the statistic test results, there wastabstically significant
difference at 0.05 levels was found in any Treatmen

After 75 days period, the average trunk diameteroning rubber plant in
Treatment 1, Treatment 2 and Treatment 3 expandedllg at 0.04 mm. Trunk
diameter in Treatment 1 changed from 0.73 mm. I@ @am., Treatment 2 from 0.74
mm. to 0.78 mm. and Treatment 3 from 0.74 mm. T& @am. For the control set, the
lowest trunk diameter changed from 0.67 mm. to @®8. with the expansion of 0.01
mm., respectively. Regarding the statistically results, the average trunk diameter
found of Treatment 2 and Treatment 3 were largan the control set with statistically
significant levels at 0.05. However, the comparisdntrunk diameter expansion
between Treatment 2 and Treatment 3 to dominartcdiatment 2 was higher than
the Treatment 3.

After 90 days experiment period, the highest avetagnk diameter found
in Treatment 2 changed from 0.78 mm. to 0.81 mnih wXpansion of 0.03 mm.
Following were Treatment 3 and the dominance s#t thie equivalent expansion of
0.02 mm. changing from 0.78 mm. to 0.80 mm. and3 Oném. to 0.70 mm.,
respectively. In Treatment 1, the lowest averagekirdiameter changed from 0.77
mm. to 0.78 mm. with 0.01 mm. expansion. Regardlmegstatistically test results, the
average trunk diameter of Treatment 2 and TreatBemére higher than the control
set with statistically significant levels at 0.0dowever, the comparison of trunk
diameter expansion between Treatment 2 and TreatrBeto the control set,

Treatment 2 was higher than Treatment 3.
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4.4.4 Average Number of leaves (L eaf)
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Figure4-11 Theaverage number of leaves of Pararubber seedling (cm.)
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Comparisons of Number of leaves among 4 Treatments.

Figure 4-11 and Table 4-9 showed the measuremeytwfg Para rubber
seedling growth development by leaf number countak found that.

After 15 days, the number of leave of young ruljidant in Treatment 2,
the mixture of centrifuged residue and swine mamuitk adjustment of N-P-K value

by chemical fertilizer at the concentration of 2@@ were the highest average
changing from 40.27 to 41.27with the increase of leaf as 1)0(Following was

Treatment 3, the mixture of centrifuged residue sawthe manure in the proportion of
1:1, with the average leaf number count changioghfd2.00 to be 40.4@&vith the
average leaf decrease of )5For Treatment 1, the chemical fertilizer at the
concentration of 20-8-20, the leaf number counngea from 44.07 to 41.8With the

average leaf decrease of 2.2[7astly, the lowest leaf number count for the colnset
changed from 43.33 to be 39.84ith the average leaf decrease of 3, #@spectively.

Regarding the statistic test results, there wastatistically significant difference at
0.05 levels was found in any Treatment.

After 30 days, the average number of leaves in tiireat 2 was the
highest the average leaves increased from 41.2Z7t380 with the average leaf
increase of 5.93. Following were in Treatment 81fr40.47 leafs to 45.4Qvith the
average increase of 4)Pand the control set from 39.60 to 40.@¥ith average
increase of 0.67 Lastly, Treatment 1, the average number of leaesseased from
41.80 to 41.73with the lowest average decrease of Q.®egarding the statistic test
results, there was no statistically significanfetiénce at 0.05 levels was found in any
Treatment.

After 45 days, the average leaf number count inaffinent 1 was the
highest increase from 41.73 to 42.9®%ith the average leaf increase of 1.20
Following were in Treatment 3 from 45.40 to 45(@ith an average leaf increase of
0.27. For Treatment 2 and the control set the averageber of leaves decreased
from 47.20 to 46.93with an average leaf decrease of (.2id from 40.27 to 39.07
(with an averagkeaf decrease of 1.20respectively. Regarding the statistic test
results, there was no statistically significanfetiénce at 0.05 levels was found in any

Treatment.
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After 60 days, the average leaf number count inaffnent 1 was the
highest the average number of leaves increased 488 to 46.4{with an average
leaf increase of 3.54 Following was in Treatment 2 increase from 46t9318.87
(with an average leaf increase of 1.%or Treatment 3 and the control set the average
number of leaves decreased from 45.67 to 44w6th an average leaf decrease of
1.07 and from 39.07 to 36.6{with the lowest average leaf decrease of R.40
respectively. Regarding the statistically test ssut was found that the average leaf
number count in Treatment 2 was higher than thentcouthe control set with the
statistically significant levels at 0.05.

After 75 days, the average leaf number count inaffnent 2 was the
highest leaf increase from 48.87 to 52@@th an average leaf increase of 3.73
Following were in Treatment 1 increase from 46.4748.67(with an average leaf
increase of 2.20 Treatment 3 from 44.60 to 46.4@ith an averagacrease of 1.80)
respectively. For the control set, there was nangban leaf number count was found.
Regarding the statistically test results, it wasfh that the average leaf number count
in Treatment 2 was higher than the control set tithstatistically significant levels at
0.05.

After completing 90 days experiment period, it viasnd that there was
an average decrease of number of leaves in altmezds. The lowest decrease of leaf
number count was found in Treatment 3 decrease #6mMO to 46.07(with an
average leaf decrease of 0.3Bollowing were in Treatment 1 from 48.67 to 47.80
(with an average leaf decrease of (),8freatment 2 from 52.60 to 51.4®&ith an
average leaf decrease of 1),28nd lastly, the control set from 36.67 to 32@ith the
highest decrease leaf number of 4,88spectively.

Regarding the statistically test results, it wasni that Treatment 1 and
Treatment 2 had higher leaf number count than tmtral set with statistically
significant levels at 0.05. However, the comparisdnleaf number count among
Treatment 1 and Treatment 2 to control set, Treatnie was higher than the

Treatment 2.
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CHAPTER YV
CONCLUSIONSAND DISCUSSIONS

The study regarding the utilization of the blended fertilizer of the
centrifuged residue from rubber latex and swine manure for the growth enhancement
of Para seedling could be concluded and discussed as follows.

5.1 Characteristics of soil, Centrifuged Residue from Rubber L atex

and Swine M anur e befor e Experiment
The soil for this research was Krabi Series (Kbi) which typically contained
high acidity with low organic matter. The electrical conductivity was found at low
level and does not harmful to plant. Total Nitrogen, available Phosphorus,
exchangeable Potassium, cation exchange capacity were also at low level and percent

age of base saturation (%B.S.) was found at very low level.

5.1.1 Centrifuged residue was the solid waste derived from the Para
rubber latex processing. Its color was white or pale yellow with sour-small. As solid
waste material, it contained with variety of adulterants such as dust, bark, remnants of
leaves, sand, etc. Centrifuged residue from rubber latex was dlightly akaline and its
electrical conductivity level was not harmful to plants. Soil organic matter, Total
Nitrogen, available Phosphorus, exchangeable Potassium was found at very high level.
Only the cation exchange capacity was at moderate level while %B.S. was found at
very high level. The result gained from this study was agreed with the research of
Phonphan (2004) which found that pH of centrifuged residue was dightly akaline;
available Phosphorous and exchangeable Potassum was extremely high as well.
While Krowttikunrunksri (2007) stated that the centrifuged residue derived from each
factory would have distinct characteristics due to various factors e.g. the rubber plant

variety, soil condition and fertility of planting location, season, etc.
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5.1.2 The swine manure from farm without Sodium Hydroxide application
was soft chunk, stinking and contained with undigested fiber such as hard part, fiber or
those digestible but not absorbable besides, it composed of elements discharged from
animal body, especially aimentary canal e.g. intestinal lining, mucous membranes,
nutrients, bacteria, and by-product of bacteria (Mala,2003). Regarding the swine
manure characteristics, it was dightly alkaline while the electrical conductivity level
was moderate. Organic matters, total nitrogen, available phosphorus, exchangeable
potassium, were extremely high. The cation exchange capacity and %B.S. were also
high. Osotspa,Y . et al (2008) and Mala, T. et al (2003) said that chemical properties of
swine manure derived from each local were different according to the quality of
animal feeds, environmental culture and location, age of swine and the swine manure
keeping condition; etc. For the electrical conductivity level, it was found at moderate
level that had influences to many kind of plants. However, the swine manure only
0.01g. was added for this experiment, therefore, it was not effect to Para rubber

seedling as more detail initem 5.5

5.2 Soil Characteristics after Experiment

5.2.1 Regarding soil pH after centrifuged residue introduced, all treatments
had higher acid its performance which Kangpidsadarn et al (2007b) stated that suitable
soil for Pararubber seedling, pH range should be in between 4.5-5.5. Actually, soil pH
does not directly affect to the Para rubber seedling, but directly affect to its soluble
capability and soil nutrient availability. Therefore, it could be concluded that the Para
rubber seedling is capable to adapt it self to such soil conditions.

5.2.2 According to the study result of electrical conductivity of soil after
experiment, all treatments contained the soil salinity at low level. Hereof, the electrical

conductivity did not affect to plants.
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5.2.3 The organic matter contents after centrifuged residue introduced, all
treatments had organic matters at low level and the result was in line with Y ongyuth et
al (1998) mentioned that lost of organic matters in soil by leaching was rather slightly
found comparing to those lost from decomposition by microorganism. However,
changes of organic matters in treatment 2 the mixture of centrifuged residue and swine
manure in proportion of 1:1 adjusted N-P-K elements with chemical substance for the
concentration of 20-8-20, and treatment 3, the mixture of centrifuged residue and
swine manure in the proportion of 1:1 were different to those of treatment 1, the
chemical fertilizer formula 20-8-20, and the control set at significantly statistical
difference 0.05.

5.2.4 The findings of soil nutrient found that Total Nitrogen (TKN) for all
treatment was low with no significant difference at 0.05. Furthermore, soil drainage
characteristic of Krabi soil series (Kbi) iswell and Yongyuth et al. (2008) mentioned
that soil with such characteristics had a change to lose Nitrogen in the form of gas of
Nitrogen fertilizer only 1-3%. The result was agreed with the studies of Li et al (2010)
and Huang et al (2004) which mentioned that TKN lost by dissolving of water could

occasion ally occur due to the fact that surplus of water flowing through soil could
leach soil nutrients.

5.2.5 Theresult of available Phosphorusin soil after experiment found that
treatment 1, the chemical fertilizer formula 20-8-20, contained the available
Phosphorus at the highest level since treatment 1 was added with available Phosphorus
in form of chemical fertilizer and resulted to the available Phosphorus was found at
high level. For Treatment 2, the mixture of centrifuged residue and swine manure in
proportion of 1:1 adjusted N-P-K elements with chemical substance for the
concentration of 20-8-20, the available Phosphorus was found at lower level than
Treatment 1. Actually, the available Phosphorus of Treatment 1 and 2 were equivalent
at beginning of the experiment. The reason was that the Para rubber seedling growth
development in Treatment 2 was higher than Treatment 1. Treatment 3, the mixture of

centrifuged residue and swine manure in the proportion of 1:1, contained available
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Phosphorus at low level and in the control set was rarely detected to any value.
Besides, soil in each treatment was of extremely high acidity and less was remained
for plant utilization. Yongyuth et al (2008) mentioned that such condition caused the
activity of Phosphate fixing in form of iron and aluminum which were difficult to

dissolvein water.

5.2.6 The result of exchangeable Potassium after experiment found that
treatment 1, the chemica fertilizer formula 20-8-20, contained exchangeable
Potassium at low level. While those in treatment 2, the mixture of centrifuged residue
and swine manure in proportion of 1:1 adjusted N-P-K elements with chemical
substance for the concentration of 20-8-20, treatment 3, the mixture of centrifuged
residue and swine manure in the proportion of 1:1, and the control set were found at

very low level.

5.2.7 The result of cation exchange capacity (CEC) found that al
treatments had CEC values at low level. However, CEC in each treatment was more

than in the control set with significantly statistical difference level 0.05.

5.2.8 The result of %BS found that all treatments had high level of base
saturation values.

5.3 Nutrient leachate

For the analysis of nutrient leachate, the procedure was analyzed for every
15 days to investigate the losing nutrient during the experiment. Considering through
the time frame, all treatments were found that pH, EC, Total Nitrogen, available
Phosphorus, exchangeable Potassium, gradually descended in values. Upon nutrient
uptake by plants, Total Nitrogen, available Phosphorus, exchangeable Potassium
leaching by water descended in values (Momngam, 2004) as well as pH and EC value
were also decreased. The result was agreed with the former report which presented
that while plant was absorbed nutrients, pH and EC of soil was relatively decreased.
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5.4 Para Rubber seedling growths

The study of Para rubber seedling growth was done by measuring at 3
cm. above grafted-bud mark for every 15 day, throughout 90 days. The growth was
considered through height (cm.), trunk diameter (cm.) and number of leaves. The

conclusion was as follows.

5.4.1 Height

The result found that treatment 2, the mixture of centrifuged residue and
swine manure in proportion of 1:1 adjusted N-P-K elements with chemical fertilizer
for the concentration of 20-8-20 resulted to the height differences among young Para
rubber seedling at 75 and 90 day comparing with the control set at the significantly
statistical difference at the level of 0.05. Treatment 2, plant had the highest effect on
height followed by treatment 1, the chemical fertilizer formula 20-8-20, and treatment
3 the mixture of centrifuged residue and swine manure were mixed in the proportion
of 1:1, respectively. For the control set, the Para rubber seedling had the lowest height.

5.4.2 Trunk Diameter

The research result found that treatment 2 the mixture of centrifuged
residue and swine manure in proportion of 1.1 adjusted N-P-K elements with chemical
fertilizer for the concentration of 20-8-20 affected to the trunk diameter of young Para
rubber seedling at the day 75 and 90 with the control set at the statistically significance
difference at 0.05. That was resulted to treatment 2 had the trunk diameter of young
Para rubber seedling, followed by treatment 3, the mixture of centrifuged residue and
swine manure in the proportion of 1:1, and treatment 1, the chemical fertilizer formula
20-8-20, respectively. For the control set, it had the lowest height of Para rubber
seedling.

5.4.3 Number of leaves

The findings found that treatment 2 had the most affects to the number of
leaves of Para rubber seedling at the days 60, 75 and 90. The result was different from
the control set with statistically significant difference at level of 0.05. In other words,
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treatment 2, the mixture of centrifuged residue and swine manure in proportion of 1:1
adjusted N-P-K elements with chemical substance for the concentration of 20-8-20
mostly influences to the number of |eaves of Para rubber seedling. The result did not
difference from treatment 1, the chemical fertilizer formula 20-8-20, and treatment 3,
the mixture of centrifuged residue and swine manure in the proportion of 1:1,
respectively. The control set had the least affect on number of leaves of Para rubber
seedling.

From al experiments, it could be summarized that the utilization of the
blended centrifuged residue from Para rubber latex and swine manure with chemical
fertilizer was mostly influenced to the Para rubber seedling growth comparing to the
control set. The utilization of only chemical fertilizer was the second effect to Para
rubber seedling growth the result was agreed with the studies of XU et al. (2008) and
Damodar et al. (2000) which conducted the impact assessment regarding utilization of
swine manure and chemical fertilizer. They found that utilization of swine manure and
chemical fertilizer or only swine manure would enhance soil nutrients and soil
fertility. Furthermore, it was suggested to be an alternative practice for environmental

pollution management.

5.5 Actual Utilization of Blended Fertilizer (Treatment 2)

All fertilizer formula for this research experiment was added with blended
fertilizer into the Para rubber seedling for 5 g/plant. Therefore, the retrospective
calculation could be substituted with the blended fertilizer in actual location as

follows:
1rai of area = 1,600 m?
= 1,600 x 10,000 cm?
Soil depth = 30cm.
Soil density = 1.111 g/ cm®

Therefore soil for 1 rai weighed
= 1,600 x 10,000 cm? x 30 cm. x 1.111 ¢/ cm®
= 533,280,000 g.
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Soil for the experiment weighted 9,000 g/bag substituting as follows:
Soil in the experimental bag weighted 9,000 g. mixed with 5 g. of blended
fertilizer. Then, soil for 1 rai weighed 533,280,000 g., the fertilizer to be added
= (533,280,000 g x 5g) /9,000 g
= 296,266.67 g or 296.27 kg. /rai
In treatment 2 was the centrifuged residue and swine manure in proportion
of 1.1 adjusted by N-P-K elements with chemical substance for the concentration of
20-8-20. It had 5g./plant (in the experiment). The designed fertilizer composed of
centrifuged residue and swine manure for 0.01g. each, Urea fertilizer at 0.469.,
diammonium phosphate fertilizer at 1.37g. and potassium chloride fertilizer at 1.37g.
The retrospective calculation could be substituted with the blended fertilizer in actua

location as follows:

Swine manure and centrifuged residue

Sail in the experimental bag weighted 9,000 g. added with swine manure
and centrifuged residue for 0.01 g. of each fertilizer.
Than, soil for 1 rai weighted 533,280,000 g., the amount of each fertilizers
(swine manure and centrifuged residue)
= (533,280,000 g x 0.01g) /9,000 g
=592.53 g or 0.59 kg. /rai

Ureafertilizer
Sail in the experimental bag weighted 9,000 g. added with urea fertilizer
0.46 g.
Then, soil for 1 rai weighted 533,280,000 g., the amount of urea fertilizer
to be added = (533,280,000 g x 0.469) /9,000 g
= 27,256.53 g or 27.26 kg. /rai

Diammonium phosphate fertilizer

Sail in the experimental bag weighted 9,000 g. added with diammonium
phosphate fretilizer at 1.37 g.
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Then, soil for 1 rai weighted 533,280,000 g., the amount of diammonium
phosphate fertilizer to be added
= (533,280,000 g x 1.379g) /9,000 g
=81,177.07 g or 81.18 kg. /rai

Potassium chloride fertilizer

Sail in the experimental bag weighted 9,000 g. added with potassium
chloride fertilizer at 3.15 g.
Then, soil for 1 rai weighted 533,280,000 g., the amount of potassium
chloride fertilizer to be added
= (533,280,000 g x 3.15g) /9,000 g
= 186,648 g or 186.65 kg. /rai

5.6 Recommendationsfor future study

1. The fertilizer formula 20-8-20 is widely used for Para rubber seedling
plot, bud-grafted plot and Para rubber before latex tapping. However, fertilizer
quantity application is different according to age of Para rubber planting. It is
suggested for future study to pay more attention on appropriate quantity of fertilizer
against age of plant.

2. The Pararubber seedling selection, the amount of leaf storey should be
the same in order to avoid the difference of initial sprout growth of Para rubber
seedling.

3. The swine manure to be used as fertilizer for plant should be leave in
the open air area for 20-30 days in order to decompose organic matter to be as
inorganic substance which is not harmful to plant.

4. This research was the experiment in laboratory scale in the open air
ground, so it was difficult to control sunlight, temperature, moisture, etc. Therefore,
the next experiment should consider about experiential house that all factors can be

controlled.
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APPENDIX A
STATISTICS USED IN THIS RESEARCH

Y a %

Nﬁﬂ15$&ﬂ‘ﬂ$ﬁlﬂlﬂyﬁﬂu?‘iﬁﬂﬂﬁﬂﬂﬁﬂ\‘l

ANOVA
Sum of
Squares df Mean Square F Sig.

pH Between Groups 746 3 .249 13.072 .000
Within Groups 1.066 56 .019
Total 1.812 59

EC Between Groups 16087.683 3 5362.561 24.302 .000
Within Groups 12357.156 56 220.664
Total 28444.840 59

TKN Between Groups .001 3 .000 931 432
Within Groups .011 56 .000
Total .012 59

P Between Groups 14028.672 3 4676.224 657.455 .000
Within Groups 398.307 56 7.113
Total 14426.978 59

K Between Groups 4192.730 3 1397.577 175.750 .000
Within Groups 445.316 56 7.952
Total 4638.046 59

OoM Between Groups .160 3 .053 9.145 .000
Within Groups .327 56 .006
Total 487 59

CEC Between Groups 1.748 3 .583 20.922 .000
Within Groups 1.560 56 .028
Total 3.308 59

BS Between Groups 734220.5 3 244740.173 23.761 .000
Within Groups 576807.6 56 10300.136
Total 1311028 59

Post Hoc Tests
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Multiple Comparisons

Tukey HSD
Mean
Difference 85% Caonfidence Interval
DependentVariable () Treatment (1) Treatment (-0 St Errar Sigy. Lower Bound | Upper Baund
pH Treatment!  Treatment 2 -.259400* 05037 00 -3874 -.1206
Treatment 3 - 23400% 05037 ooa -.3674 -.1008
control - 27733 05037 ooa - 4107 -.1440
Treatment2  Treatment 1 25400 05037 ooa 1208 3874
Treatment 3 0zo00 05037 a7a - 1134 1534
control - 02333 05037 BB - 1567 100
Treatmentd  Treatment 1 23400 05037 ooa 0086 3674
Treatment 2 -.0z000 05037 ara - 1634 A134
Control -04333 05037 824 - 1767 0800
Contral Treatment 1 27733 05037 0o 1440 A107
Treatment 2 02333 05037 BBT =100 1867
Treatment 3 04333 05037 824 -.04900 ATET
EC Treatment!  Treatment 2 8.46EET 542419 AD4 -5.8960 22.8293
Treatment 3 1152667 5424149 158 -2 8360 2588493
Control 43201337 542419 ooa 28.8387 57.5640
Treatment2  Treatment 1 -8 46RET 542419 409 -22.8283 5.8880
Treatment 3 3.06000 542419 4z -11.3028 174226
Control 34734677 542419 ooa 203720 48,0873
Treatment3  Treatment 1 -11.52667 542419 158 -25.8843 2.8360
Treatment 2 -3.06000 5424149 b4z -7 4226 11.3026
control I ET4ETH[ 542419 ooa 173120 46.0373
Contral Treatment 1 320133 542419 ooa -57 5640 -28.8387
Treatment 2 S34T3ETE[ 542419 ooa -49 0573 -20.3720
Treatment 3 S31ET4ETT[ 542419 ooa -46.0373 -17.3120
TEM Treatment!  Treatment 2 -.00a0a0 00513 410 -0216 0056
Treatment 3 -00333 00513 A4 -01689 0103
Control -00133 00513 554 -01485 0123
Treatment2  Treatment 1 .oogoo 00513 A0 - 0046 0216
Treatment 3 00487 00513 .Boa -.00as 0183
Control [D0eeT 00513 Rt -.0069 0203
Treatment3  Treatment 1 00333 00513 M5 -.0103 0168
Treatment 2 - 00467 00513 .Boa -0183 0088
Control Dozao 00513 Aaa -0116 0156
Contral Treatment 1 00133 00513 9594 -0123 0148
Treatment 2 - 00GRT 00513 Rt 0203 0063
Treatment 3 -.0ozo0 00513 Aaa -.0156 0118
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HaN3NIITHYOYAINTZHIINIINABDS

a pH M
ANOVA
Sum of
Squares df Mean Square F Sig.
Day_0O Between Groups .347 3 116 910.797 .000
Within Groups .007 56 .000
Total .354 59
Day_15 Between Groups 715 3 .238 | 1475.943 .000
Within Groups .009 56 .000
Total 724 59
Day_30 Between Groups .896 3 .299 | 3555.200 .000
Within Groups .005 56 .000
Total .901 59
Day 45 Between Groups 1.070 3 .357 | 3752.819 .000
Within Groups .005 56 .000
Total 1.075 59
Day 60 Between Groups 1.139 3 .380 | 5315.792 .000
Within Groups .004 56 .000
Total 1.143 59
Day 75 Between Groups 2.316 3 772 | 2824.374 .000
Within Groups .015 56 .000
Total 2.331 59
Day 90 Between Groups 5.211 3 1.737 | 5360.070 .000
Within Groups .018 56 .000
Total 5.229 59

Post Hoc Tests
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Multiple Comparisons

Tukey HZD
Mean
Difference 5% Confidence Interval
Dependert Yariable (1) Treatmert () Treatmert {1-J7 Std. Error =ig. Lowver Bound | Upper Bound
Dary 0 Treatment 1 Treatment 2 - 02457+ 00411 ann - 0356 -.0138
Treatment 3 29133 00411 000 - 20 -804
Cortrol - A1600* 00411 000 -1268 -1051
Treatment 2 Trestment 1 L2467* 00411 000 133 0356
Treatment 3 - AGEET* 00411 000 -ATTE -1558
Cordrol - 09133 00411 000 -A022 - 0504
Treatment 3 Trestment 1 9133 00411 000 Aa04 2022
Treatment 2 BEET* 00411 000 1555 A7TE
Cortrol 07s33 00411 000 D644 0862
Cortrol Treatment 1 A1600* 00411 000 A051 1269
Treatment 2 09133 00441 a0 0304 022
Treatment 3 - 07533 00411 000 - 0862 - 0644
Day_15 Treatment 1 Treatment 2 -Ma3zx 0044 ong - 0276 -.0030
Treatment 3 - 25200* 00464 000 - 2643 -.2397
Control - 9067+ 00464 000 - 2030 -A754d
Treatment 2 Trestment 1 01533* 00464 009 000 0276
Treatment 3 - Z36ETH 00464 000 - 2480 - 22dd
Cordrol SATsaE 00464 000 -AE7E -1630
Treatment 3 Trestment 1 25200* 00464 000 2397 2643
Treatment 2 23667 00464 000 2244 2440
Control 0E133* 00464 o0 0490 0736
Cortrol Treatment 1 9067 00464 000 A7a4 2030
Treatment 2 A7eaE 00464 a0 A630 A876
Treatment 3 - 06133 00464 000 -0736 - 0480
Deay_30 Treatment 1 Treatment 2 -M133 00335 o7 - 0202 -.0025
Trestment 3 - 26667 00335 000 - 2755 - 2578
Control - 23067 00335 o0 -.2385 -2218
Treatment 2 Trestment 1 01133* 00335 ooy 0025 0202
Treatment 3 - 20533 00335 a0 -.2642 -.2465
Cordrol - 293 00335 000 - 2252 -21058
Treatment 3 Treatment 1 2REET* 00335 onn 2578 2755
Treatment 2 25533 00335 000 2465 2642
Control Q3600* 00335 o0 0z 0443
Cortrol Treatment 1 23067 00335 000 2Ma 2385
Trestment 2 21933 00335 o0 2105 2282
Trestment 3 - 03600+ 00335 000 - 0449 0271
Day_45 Treatment 1 Treatment 2 00333 00356 a5 - 00&1 0128
Trestment 3 - 2T4ETH 00356 000 - 284 - 2652
Control - 20533 00356 o0 -.2645 -.2459
Treatment 2 Trestment 1 - 00333 00356 Ja5 -M28 0081
Treatment 3 - 2rano* 00356 a0 -.2874 -.26386
Cordrol - 25867 00356 000 - 2651 - 2482
Treatment 3 Treatment 1 2T4ET* 00356 onn 2B52 2841
Treatment 2 2yaoo* 00356 000 2686 2674
Control a3 00356 o0 a0sa 0253
Cortrol Treatment 1 25533 00356 000 2458 2645
Trestment 2 25867 00356 a0 2492 2681
Trestment 3 - 0933 00356 000 - 0255 -.009g
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Day_G0O Treatment 1 Trestment 2 - 00733 00309 084 -a5 0005
Treatment 3 28067+ a0s09 a0 2955 -2825

Control - 2BEET* 00304 i} -274a - 2585

Treatment 2 Trestment 1 00733 00309 084 -.000s 0155
Trestment 3 -.283a a0z09 oo - 25 -2752

Cartrol - 25033 a0z09 nao - 2675 -2512

Treatment 3 Trestment 1 29057+ 00309 000 2825 2988
Treatment 2 28333 a0z09 oo 2752 2915

Cartrol 02400# a0E09 nao M58 322

Cortrol Treatment 1 2BRET* 00309 000 2585 2748
Treatment 2 25933 a0s0a oo 2912 2675

Treatment 3 - 02400* 00309 nao - 0322 - 0155

Day_7a Treatment 1 Treatment 2 01&00* 00604 02 0020 0340
Treatment 3 - 37467 n0s04 oo -.3947 - 3627

Cartrol - .3age7* n0s04 nao - 4047 - 3727

Treatment 2 Trestment 1 -1 o0 J0ED4 021 -.0340 -00z0
Treatment 3 - 39667 0s04 a0 - 4127 3607

Cortrol - 406ET* 00en4 i} - 4227 -.3907

Treattment 3 Trestmert 1 ATaET* 00604 nao AB2Y 2947
Treatment 2 JOEET* 00sng oo 807 AT

Cartrol -.01000 O0E04 356 - 0260 0ED

Cortrol Treatment 1 JSRBET* N0s04 000 aT27 A047
Treatment 2 A0GET* n0s04 oo 907 LYer)

Treatment 3 01000 0604 356 - 0060 260

Day_80 Treatment 1 Treatment 2 01133 D067 32 - 0061 0287
Treatment 3 - 58533 osay oo - BO27 -2674

Cartrol - 5a200* aosay nao -.2894 - 2646

Treattnent 2 Trestmert 1 - 01133 D0EsS7 421 - 02587 J0E1
Treatment 3 - 59667+ 0esy a0 -B141 -a7as

Control -S0333 O0esT i} - EA07 -.5754

Treatment 3 Trestment 1 SB533 H0ssT 000 SETA B027
Trestment 2 SOERT* 00esy oo A793 B4

Cartrol 00333 0BST A5y - 0141 207

Cortrol Treatment 1 SE200% N06sT 000 SE4E 5004
Treatment 2 59333 00esy oo A758 B107

Treatment 3 - 00333 00esY as7 - 0207 0141

* The mean difference iz zignificant at the 05 lavel.
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v b
A1 EC ¢
ANOVA
Sum of
Squares df Mean Square F Sig.
Day 0O Between Groups | 8699821 3 | 2899940.311 | 595586.8 .000
Within Groups 272.667 56 4.869
Total 8700094 59
Day_15 Between Groups | 7348899 3 | 2449633.000 | 592312.0 .000
Within Groups 231.600 56 4.136
Total 7349131 59
Day 30 Between Groups | 4916109 3 | 1638703.000 | 361668.6 .000
Within Groups 253.733 56 4531
Total 4916363 59
Day_45 Between Groups | 4151324 3 | 1383774.511 | 266110.5 .000
Within Groups 291.200 56 5.200
Total 4151615 59
Day_60 Between Groups | 3817469 3 | 1272489.528 | 375840.8 .000
Within Groups 189.600 56 3.386
Total 3817658 59
Day_75 Between Groups | 2752046 3 | 917348.733 | 168027.2 .000
Within Groups 305.733 56 5.460
Total 2752352 59
Day_90 Between Groups | 2335452 3 | 778484.150 | 158643.1 .000
Within Groups 274.800 56 4.907
Total 2335727 59

Post Hoc Tests
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Multiple Comparisons

Tukey HZD
Mean
Difference 33% Confidence Interval
Dependert Yarighle ([ Treatment  (J) Treatment [I-J] . Error =i, Lowver Bound | Upper Bound
Day_0 Trestmert 1 Treatment 2 16 46667+ 80573 i 16.53332 206002
Treatmert 3 a6.33333* 80573 un] 541995 95 4665
Cortrol 903 NEEET* 80573 000 900.8332 805 2002
Trestmert 2 Trestment 1 -18 46667+ 80573 000 -20.6002 -16.353332
Treatment 3 37 BEEET* 80573 000 357332 40,0002
Cortrol 884 EOO00* 80573 000 852 4BES 8867335
Treatmert 3 Trestment 1 -56. 33333 80573 000 -58 4665 -24.1995
Treatment 2 -7 BEEET* BO5T3 000 -40.0002 -E a2
Cortrol G456 73333 BO5T3 000 544.5995 545 5665
Control Treatment 1 | -903 06667+ 80573 000 -905 2002 -900 8332
Treatment 2 | -854 60000* 80573 000 -086.7335 -8582 4665
Treatment 3 | -046.73333* 80573 000 -4 6665 -5d44 5995
Day 15 Treatment 1 Trestmert 2 GE0.40000* 74253 000 673.4337 G52.3663
Treatment 3 791 80000+ T4255 000 789.58337 7937663
Cortrol 594 SEEGT* 4255 000 G92.3004 5965329
Trestment 2 Treatment1 | -6&0.40000* T4255 000 -652.3663 673 4337
Treatment 3 111.40000* T4 un] 109.4337 113.3663
Cortrol 214 4GEGT* T4 000 212.5004 2164329
Trestment 3 Trestment1 | -791 50000 T4258 000 -T93.7EE3 -TE9.5337
Treatment 2 | -111.40000% T4258 000 -113.3663 -109.4337
Cortrol 103 0BEET* 4258 000 101.1004 1050329
Control Treatment 1 | -394 86667+ 4258 000 -896.8329 -392 9004
Treatment 2 | -214 46667+ 4258 000 -216.4329 -212.5004
Treatment 3 | -103.06667* 4258 000 -105.0324 -101 1004
Day_30 Treatment 1 Trestmert 2 535.20000* TTT2E 000 5331419 537 2581
Treatment 3 G36.40000* JTT26 000 G34.3414 6354551
Cortrol 744 2EEGT* ATT26 000 7422086 7463245
Trestment 2 Treatment1 | -535.20000* TTT26 000 =337 2581 -3331419
Treatment 3 101 .20000* TTT26 000 991419 10325581
Cortral 209 NEEET* F7726 000 207 0086 2111248
Trestment 3 Treatment1 | -636.40000* TTT26 000 -635 4581 634 3419
Treatment 2 | -101.20000* TTT26 000 -103.2581 -9914119
Cortral 107 GEEET* JrT2E 000 105.5056 1099245
Control Treatment 1 | -744 26667 TTT26 un] -746.3245 -T2 2066
Treatmert 2 | -209.06667* TTT2E 000 -211.1248 =207 0086
Treatmert 3 | -107 86667+ TTT26 000 -109.59245 -105.8086
Diay_45 Treatmerd 1 Trestmert 2 495 BEEET* 3267 000 493 4619 457 37145
Treatment 3 597 13333 83267 000 594 9285 59933581
Cortrol B75.33333 83267 000 6731285 677 5381
Trestment 2 Trestment1 | -495 GEEET* 83267 000 -497 87145 -493 4619
Treatment 3 101 4EEET* B32ET 000 99.2619 1036715
Cortrol 179 BEEGT* B3267 000 177 4614 181 8715
Trestment 3 Trestment1 | -597 13333 83267 000 -399.3331 -394 5263
Treatment 2 | -101 46667+ 83267 000 1036715 -99.2619
Cortrol 75.20000* 83267 000 ¥5.9952 50.4045
Contral Treatment 1 | -675.33333* 83267 000 677 5351 -B731263
Treatment 2 | -179 66667+ 83267 000 -181.6715 -177 4619
Treatmert 3 -75.20000* BI267 000 -G0.4045 -75.9952
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Dy GO Treatment 1 Treatment 2 47513333 E7185 0o 476.3343 4739124
Treatment 3 56753333 £T185 0o 5837243 5893124

Control 36 26667 £7185 o §34 4376 6350457

Treatment 2 Treatment1 | -475.13333 ET155 oo -479.9124 4763543
Treatment 3 108 40000 ET185 Jaa 107 6209 1114751

Caritral 15813333 E7155 aan 1596.3343 158.9124

Treatment 3 Treatment1 | -587 53333 E7188 0o -589.3124 -585.7543
Treatment 2 | -109 40000 B85 0o 11197 -107 6209

Control 4873333 E7155 000 46.9543 50.5124

Control Treatment1 | -636 26667 E7188 0o -635.0457 -634 4576
Treatment 2 | -158.13333 £7185 0o -159.9124 -156.3543

Treatment 3 -43.73333* £7185 000 -30.5124 -465.9343

Dary_73 Treatment 1 Treatment 2 414 33333 85318 0o 4120742 4165923
Treatment 3 503.80000* Aa38 0o S01.5405 506.0592

Control 534.00000* A58 000 531.7405 536.2392

Treatment 2 Treatment 1 [ -414.33333¢ 83319 0o -416.3925 -M 20742
Treatment 3 §9.46667* A58 0o av.2073 81.7253

Caritral 119 6E667T* A28 o 1174075 121.9233

Treatment 3 Treatment1 | -503.80000% 8538 Jaa -a06.05592 -501 5408
Treatment 2 -39 4BB67* 8538 0o -91.7258 -87.2075

Caritral 30.20000* 85318 000 27.9405 52.4582

Control Treatment 1 | -534.00000% 85319 0o -536.2592 -531.7408
Treatment 2 | -119 GEE67* 8538 0o -121.9258 -117.4073

Treatment 3 -30.20000* A5318 0 -32.4592 -27.9408

Dy _a0 Treatment 1 Treatment 2 395 53333 G0555 0o 396.3915 400 6752
Treatment 3 467 33333 B0355 0o 4831915 469.4732

Control 458313333 G035 000 480.9315 45852732

Treatment 2 Treatment 1 | -393.53333* B0355 0o -400 6732 -386.35813
Treatment 3 65.30000* B0355 0o B6.6352 70.9413

Control 54.50000* G035 o g2.4582 BE.7413

Treatment 3 Treatment1 | -467 33333 S0555 oo -469.4752 4631913
Treatment 2 -G8 .50000* S0555 Jaa -70.9415 -66.6552

Caritral 15.50000* H0555 e 13.65582 17.9415

Caritral Treatment1 | -4583.13333* 80553 0o -435.2752 -450.9513
Treatment 2 -4 £0000* B0555 0o -86.7415 -82.45582

Treatment 3 -1%5.50000* 0855 000 -17.9415 -13.65582

* The mean difference is significant &t the 05 level.
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A1 TKN 3
ANOVA
Sum of
Squares df Mean Square F Sig.
Day 0 Between Groups | 119.785 3 39.928 841.746 .000
Within Groups 2.656 56 .047
Total 122.441 59
Day_15 Between Groups 74.553 3 24.851 396.222 .000
Within Groups 3.512 56 .063
Total 78.065 59
Day_30 Between Groups 27.316 3 9.105 393.827 .000
Within Groups 1.295 56 .023
Total 28.611 59
Day_45 Between Groups 1.729 3 .576 114.333 .000
Within Groups .282 56 .005
Total 2.011 59
Day 60 Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59
Day 75 Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59
Day 90 Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59

Post Hoc Tests
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Tukey HSD
Mean
Difference 95% Confidence Interval
Dependent Variable (1) Treatment (J) Treatment  (I-J) Std. Error Sig. Lower Bound |Upper Bound
Day 0 Treatment 1 Treatment 2 2.05400*( .07953 .000 1.8434 2.2646
Treatment 3 3.25000*| .07953 .000 3.0394 3.4606
Control 3.62333*| .07953 .000 3.4128 3.8339
Treatment 2 Treatment 1 -2.05400*| .07953 .000 -2.2646 -1.8434
Treatment 3 1.19600%| .07953 .000 .9854 1.4066
Control 1.56933*| .07953 .000 1.3588 1.7799
Treatment 3 Treatment 1 -3.25000*| .07953 .000 -3.4606 -3.0394
Treatment 2 | -1.19600*| .07953 .000 -1.4066 -.9854
Control .37333*( .07953 .000 .1628 .5839
Control Treatment1 | -3.62333*| .07953 .000 -3.8339 -3.4128
Treatment2 | -1.56933*| .07953 .000 -1.7799 -1.3588
Treatment 3 -.37333*| .07953 .000 -.5839 -.1628
Day_15 Treatment 1 Treatment 2 2.24000*| .09145 .000 1.9979 2.4821
Treatment 3 2.65067*| .09145 .000 2.4085 2.8928
Control 2.72533* .09145 .000 2.4832 2.9675
Treatment 2 Treatment1l | -2.24000%| .09145 .000 -2.4821 -1.9979
Treatment 3 41067*| .09145 .000 .1685 .6528
Control .48533*( .09145 .000 .2432 7275
Treatment 3 Treatment 1 -2.65067*| .09145 .000 -2.8928 -2.4085
Treatment 2 -.41067*| .09145 .000 -.6528 -.1685
Control .07467 .09145 .846 -.1675 .3168
Control Treatment 1 -2.72533* .09145 .000 -2.9675 -2.4832
Treatment 2 -.48533*| .09145 .000 -.7275 -.2432
Treatment 3 -.07467 .09145 .846 -.3168 1675
Day_30 Treatment 1 Treatment 2 1.52000* .05552 .000 1.3730 1.6670
Treatment 3 1.57600%| .05552 .000 1.4290 1.7230
Control 1.57600*| .05552 .000 1.4290 1.7230
Treatment 2 Treatment1l | -1.52000%*| .05552 .000 -1.6670 -1.3730
Treatment 3 .05600 .05552 745 -.0910 .2030
Control .05600 .05552 745 -.0910 .2030
Treatment 3 Treatmentl1 | -1.57600%| .05552 .000 -1.7230 -1.4290
Treatment 2 -.05600 .05552 745 -.2030 .0910
Control .00000 .05552 1.000 -.1470 .1470
Control Treatment1 | -1.57600%| .05552 .000 -1.7230 -1.4290
Treatment 2 -.05600 .05552 745 -.2030 .0910
Treatment 3 .00000 .05552 1.000 -.1470 .1470
Day_45 Treatment 1 Treatment 2 .39200* .02592 .000 .3234 4606
Treatment 3 .39200* .02592 .000 .3234 .4606
Control .39200* .02592 .000 .3234 .4606
Treatment2 Treatment 1 -.39200*| .02592 .000 -.4606 -.3234
Treatment 3 .00000 .02592 1.000 -.0686 .0686
Control .00000 .02592 1.000 -.0686 .0686
Treatment 3 Treatment 1 -.39200*| .02592 .000 -.4606 -.3234
Treatment 2 .00000 .02592 1.000 -.0686 .0686
Control .00000 .02592 1.000 -.0686 .0686
Control Treatment 1 -.39200*| .02592 .000 -.4606 -.3234
Treatment 2 .00000 .02592 1.000 -.0686 .0686
Treatment 3 .00000 .02592 1.000 -.0686 .0686

*. The mean difference is significant at the .05 level.
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v
AP
ANOVA
Sum of
Squares df Mean Square F Sig.

Day 0 Between Groups .303 3 101 39.950 .000
Within Groups 141 56 .003
Total 444 59

Day_15  Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59

Day 30 Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59

Day 45  Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59

Day 60 Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59

Day 75 Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59

Day 90 Between Groups .000 3 .000
Within Groups .000 56 .000
Total .000 59

Post Hoc Tests

Multiple Comparisons

Tukey HSD
Mean
Difference 95% Confidence Interval
Dependent Variab (1) Treatmen (J) Treatmer]  (I-J) Std. Error| Sig.  |Lower BoundUpper Bound
Day_0 Treatment 1 Treatment 2 .15467*| .01835 .000 .1061 .2032
Treatment 3 .15600*( .01835 .000 .1074 .2046
Control .17733*| .01835 .000 .1288 .2259
Treatment 2 Treatment 1| -.15467*| .01835 .000 -.2032 -.1061
Treatment 3 .00133 | .01835 1.000 -.0472 .0499
Control .02267 | .01835 .607 -.0259 .0712
Treatment 3 Treatment 1| -.15600*| .01835 .000 -.2046 -.1074
Treatment 2| -.00133 | .01835 1.000 -.0499 .0472
Control .02133 | .01835 .653 -.0272 .0699
Control Treatment 1| -.17733*| .01835 .000 -.2259 -.1288
Treatment 2| -.02267 .01835 .607 -.0712 .0259
Treatment 3| -.02133 | .01835 .653 -.0699 .0272

*.The mean difference is significant at the .05 level.
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v v
M K
ANOVA
Sum of
Squares df Mean Square F Sig.
Day 0 Between Groups 498.705 3 166.235 636.825 .000
Within Groups 14.618 56 .261
Total 513.323 59
Day_15 Between Groups 374.909 3 124.970 505.476 .000
Within Groups 13.845 56 247
Total 388.754 59
Day_30 Between Groups 309.167 3 103.056 265.726 .000
Within Groups 21.718 56 .388
Total 330.885 59
Day_45 Between Groups 172.096 3 57.365 220.582 .000
Within Groups 14.564 56 .260
Total 186.660 59
Day 60 Between Groups 124.236 3 41.412 228.270 .000
Within Groups 10.159 56 181
Total 134.395 59
Day_75 Between Groups 44.015 3 14.672 153.705 .000
Within Groups 5.345 56 .095
Total 49.361 59
Day 90 Between Groups 9.898 3 3.299 49.554 .000
Within Groups 3.729 56 .067
Total 13.627 59

Post Hoc Tests
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Multiple Comparisons

Tukey H=D
Mean
Difference 5% Confidence Interval
Dependent ariable (1 Trestmert ()] Trestment [l-J) St Ervor Sig. Lovwver Bound | Upper Bound
Dy [0 Trestmert 1 Treatment 2 A7E00 ABESE Jaz -.3180 F700
Trestment 3 1.05133* ABESE ajua] BET3 15453
Cortrol 700333 8656 ajua] G.5093 74473
Treatmert 2 Treatment 1 -AT600 18656 Ja2 -BT00 3180
Treatment 3 By5s3 8656 ajua] 3613 1.3693
Cortrol B.82733 8656 ajua] 6.3333 7023
Trestmert 3 Treatment 1 -1 05133 18656 000 -1.5453 -5a73
Trestment 2 -87a33 8656 ajua] -1.3683 -.3813
Cortrol 505200 8656 ajua] 54550 4460
Cordrol Trestment 1 -7 00333 18656 aluu] -7.4073 -B.5093
Trestmert 2 -6 52733 ABESE aluu] STaAM3 -B.3333
Trestmert 3 -5 95200 ABESE ajua] -E.44E0 -5 4580
Day 15 Trestmert 1 Treatment 2 58200 A8156 mz2 Amz2 1.0625
Trestment 3 291333 A8156 ajua] 24326 33941
Cortrol 6.36000* A8156 ajua] 58792 6.5408
Treatmert 2 Treatment 1 - 58200 18156 2 -1.0628 -2
Treatment 3 233133 A8156 ajua] 15506 281
Cortrol 577800 A8156 ajua] 52972 2585
Trestmert 3 Treatment 1 -291333 18156 ajua] 330941 -2 4526
Trestment 2 -2.33133 A8156 ajua] S2E1 -1.5506
Cortrol 344667 A8156 ajua] 249659 38274
Control Treatment 1 -B.36000* A8156 000 -6.5405 -28782
Trestmert 2 -5 Fyann A8156 aluu] -B.2588 -5.2a72
Trestmert 3 -3 44667 A8156 ajua] S39274 -2.9659
Ceay_30 Trestmert 1 Treatment 2 1 06400* 22740 ajua] 4519 1 .BEE1
Trestmert 3 401933 22740 ajua] a4y 4EM5
Cortrol 5 E8400* 22740 ajua] 50319 2861
Trestmert 2 Treatment 1 -1 06400 22740 000 -1 GEE1 - 4619
Trestment 3 2895533 22740 ajua] 23832 35575
Cortrol 4 52000 22740 ajua] 40174 5224
Trestmert 3 Treatment 1 -4 01933 22740 ajua] -4 5215 3AT2
Trestment 2 -2 95533 22740 ajua] -3.507 -2.3e52
Cortrol 1 EE467* 22740 ajua] 10625 22665
Control Treatment 1 -5 53400 22740 000 -6.25861 -2 0819
Trestmert 2 -4 B2000* 22740 aluu] W22 -4.017a
Trestmert 3 -1 BE467T* 22740 aluu] -2 2668 -1 0625
Dy 45 Trestmert 1 Treatment 2 253867 1862 ajua] 22056 KRN
Trestmert 3 3 B3533* A8EH ajua] 31923 41784
Cortrol 4 49267 A8EH ajua] 3.0995 4 0857
Trestmert 2 Treatment 1 -2 B9367* 1862 ajua] 3407 -2 2056
Trestment 3 93667 A8EH ajua] AO3E 14797
Cortrol 1.79400* A862 ajua] 1.3009 2.26M
Trestmert 3 Treatment 1 -3 6533 862 ajua] -4.1784 -3A923
Treatment 2 - B3EET* A8E ajua] -1.4747 - 4936
Cortrol 8073 862 ajua] 3143 1.3004
Cordral Treatment 1 -4 49267+ 1862 ajua] -4 8537 -3.9996
Trestment 2 -1. 73400 A8BE2 ajua] -22671 -1.3009
Trestmert 3 - 80733 8621 ajua] -1.3004 -.3143
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Day_ED Trestmert 1 Treastment 2 3.21067* 15553 oo 2.7985 36225
Trestment 3 3.37400* 15553 oo 28622 3.7855

Contral 3.37400* 15553 oo 29622 3.7858

Treatmert 2 Trestment 4 -3.21067* 15553 oo -36225 -2.7955
Trestment 3 AB333 5553 | -.2485 AT52

Cortral AB333 5553 | -.2485 AT52

Trestment 3 Trestment 1 -3.37400* 15553 oo -3.7858 -29622
Trestment 2 - 16333 15553 | -5752 2485

Contral 00000 15553 1.000 -4118 4118

Control Trestment 1 -3.37400* 15553 oo -3.7858 -29622
Trestment 2 - 16333 5553 | - 5752 2485

Trestment 3 00000 15553 1.000 - 4118 A118

Day_75 Trestmert 1 Trestment 2 1.87500* 1282 oo 1.6793 22767
Trestment 3 1.97500* 1282 oo 1.6793 22767

Contral 1.97500* 1282 oo 1.6793 22767

Trestmert 2 Trestment 1 -1 .97800* 1282 oo -2 2TEY -1 6793
Trestment 3 00000 1282 1.000 - 2087 2387

Cornral 0000 1282 1.000 -.2957 2957

Trestment 3 Trestmert 1 -1 .97a00* A1282 oon -2 2767 -1 6793
Trestment 2 00000 1282 1.000 -.2087 2937

Contral 00000 A1282 1.000 -.2087 2937

Control Trestment 1 -1.97800* 1282 oo -2 276Y -1 6793
Trestment 2 00000 1282 1.000 -2087 2987

Trestment 3 00000 1282 1.000 -.2087 2987

Diary_40 Treatmert 1 Treatment 2 3a00 09422 oo BEga 11875
Trestment 3 83500* 09422 oo e 1.1873

Contral 83500* 09422 oo et 11875

Treatmert 2 Trestment 1 - 33800* 09422 oo -1.1875 - B&85
Trestment 3 00000 09422 1.000 -.2495 2495

Contral 00000 09422 1.000 -.2495 2495

Treatmert 3 Trestment - 83300 09422 oo 14875 - G555
Trestment 2 00000 09422 1.000 -.2495 2405

Cortral 00000 09422 1.000 -.2495 L2405

Coritrol Trestmert 1 - 83300 09422 a0 14875 - B85
Trestment 2 00000 09422 1.000 -.2495 2495

Trestment 3 00000 09422 1.000 -.2495 2495

* The mean difference is significant at the 05 level.
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a J Y
Han13AINTHUYBINAN INTNAIAHE N

ANOVA
Sum of
Squares df Mean Square F Sig.
Day 0 Between Groups 307.944 3 102.648 2.100 A11
Within Groups 2737.217 56 48.879
Total 3045.162 59
Day 15 Between Groups 123.309 3 41.103 775 513
Within Groups 2970.000 56 53.036
Total 3093.309 59
Day 30 Between Groups 140.137 3 46.712 .892 451
Within Groups 2931.620 56 52.350
Total 3071.757 59
Day 45 Between Groups 385.297 3 128.432 2.201 .098
Within Groups 3267.780 56 58.353
Total 3653.077 59
Day 60 Between Groups 464.462 3 154.821 1.919 137
Within Groups 4518.448 56 80.687
Total 4982.910 59
Day_75 Between Groups 692.167 3 230.722 2.543 .065
Within Groups 5079.840 56 90.711
Total 5772.007 59
Day 90 Between Groups 780.986 3 260.329 2.873 .044
Within Groups 5073.904 56 90.605
Total 5854.890 59

Post Hoc Tests
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Multiple Comparisons

Tukey HZD
Mean
Difference 95% Confidence Interval
Dependent Variable (1) Treatment  (J) Treatment {l-J Stel. Error Siiy. Lowwer Bound | Upper Bound
Day_0 Trestmert 1 Treatmert 2 -2 48667 255288 TES -9.2464 4273
Treatment 3 -BOBEEY | 255283 09z -12.8464 ETH
Canitral -4 A0BEY | 255283 320 -11.1664 2353
Treastment 2 Treatment 1 2A48BET | 255288 TES -4.27A 92454
Treatment 3 -3E0000 | 255288 495 -10.3597 3.1:5497
Canitral -1.82000 | 2552585 &75 -5.6797 4.5397
Treatment 3 Treatment 1 603667 | 255265 a2 -BTH 125464
Treatment 2 3.60000 | 2552585 495 -3.1997 10,3597
Cantral 163000 | 255265 a2 -5.0797 §.4.397
Caritral Treatment 1 4 40667 | 255265 320 -2.353 11.1664
Treatment 2 182000 | 255265 &75 -4 5397 86797
Treatment 3 -1 GE000 | 255285 2 -5.4397 20797
Day_15 Trestment 1 Trestmert 2 -289333 | 255922 E95 -9.8346 41480
Treatment 3 -380BEY | 2B5022 463 -10.94580 31346
Caritral -224000 | 2E5922 A34 -9.2813 4.8013
Treastment 2 Treatment 1 280333 | 265022 E95 -4.1480 99345
Treatment 3 -1.01333 | 285922 A8 -5.0546 §.0250
Canitral E5333 | 285922 895 -6.3880 7 B94E
Treatment 3 Treatment 1 JA0BET | 265822 463 -3.1346 10,9430
Treatment 2 101333 | 263822 A5 -6.02580 §.0:345
Cantral 1 BEEET | 2628922 H23 -5.3746 §.7030
Coritral Treatment 1 2224000 | 265822 534 -4 5013 92313
Treatment 2 -B5333 | 264922 885 -7 6945 §.3330
Treatment 3 -1 BBEGY | 2G5922 H23 -5.7080 5.3746
Diary_30 Trestment 1 Trestmert 2 -4.08000 | 2E4193 G -11.0757 29157
Treatment 3 -222000 | 264195 835 -9.2157 47757
Canitral -S4667 | 2E41903 854 -7.9423 §.04490
Trestment 2 Treatmert 1 403000 [ 264198 A8 -28157 11.0757
Treatment 3 1.86000 [ 264108 895 -5.4357 5.8957
Canitral 313333 | 264198 38 -3.8623 10,1290
Treatment 3 Treatment 1 222000 [ 26498 B35 47757 9157
Treatment 2 -1 86000 | 2641493 595 -5.8957 51337
Canitral 1.27333 | 264195 63 -5.7223 5.2630
Coritral Treatment 1 B4667 | 2641895 54 -5.04490 79423
Treatment 2 -313333 | 264195 35 -10.12490 3.8623
Treatment 3 -1 273353 | 2641495 HE3 -5.26490 57223
Diary_45 Trestment 1 Trestmert 2 -6.00000 | 278934 a0 -13.3838 1.3528
Treatment 3 -276000 | 275934 ok -10.1458 4 5239
Canitral 27333 | 278934 1.000 -7A125 7 B2
Trestment 2 Treatmert 1 g.o0000 (278034 50 -1.3859 13,3854
Treatment 3 324000 (278034 B53 -4.1459 10,6239
Caritral §.27333 | 278934 123 -1.4125 13.6592
Trestment 3 Treatment 1 278000 [ 278934 756 -4 B259 10,1459
Treatment 2 S3.24000 | 278934 Ba3 -10.6259 41439
Canitral 303333 | 278034 £99 -4 3525 104192
Caritral Treatment 1 -27333 | 27093 1.000 -7 G542 71123
Treatment 2 627333 | 270934 123 -13.6592 11123
Treatment 3 -303333 | 278934 99 -10.4192 4 333
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Day_G0 Trestmert 1 Treatmert 2 S3A7333 | 327497 a7 -12.2583 ST
Treatmert 3 105333 | 327997 033 TENT 97383

Cartral 422000 | 327997 A75 -4 4850 129050

Trestmert 2 Treatmert 1 357333 | 327997 Far ST 12,2583
Treatmert 3 4 B26ET | 327997 493 -4.0583 13317

Cortrol 779333 | 327997 094 -B37 164733

Trestmert 3 Treatment 1 105333 | 327997 A3s -9.7383 TEHT
Treatmert 2 -4 G2667 | 327997 493 3317 40583

Cortral JABEET | 3.27997 764 -55183 118917

Cordraol Treatmert 1 -422000 | 327997 A75 -12 8050 4 450
Treatmert 2 779333 | 327997 94 -16.4783 a7

Treatment 3 S3ABEEY [ 327997 764 11897 55183

Day_75 Trestmert 1 Treatmert 2 -4 S46ET | 34T AB2 -13.7554 4 BE21
Treatmert 3 132000 | 347777 051 -7.08a7 105287

Cortral 4 94667 | 34TTTT A9 -4 2621 141554

Trestmert 2 Treatmert 1 4 54667 | 3AYTTT A2 -4 BEM 13,7554
Treatment 3 586667 | 34777V 340 =334 150754

Cortrol 949333 | 347777 041 2046 18,7021

Treastmert 3 Trestmert 1 S1.32000 | 347707 051 -10.5287 7 0aay
Treatmert 2 586667 | 347TTT 340 -15.0754 334

Cortral JB26ET | 347TTT 725 -5.5841 12 8354

Cordraol Treatmert 1 -4 BABET | 3AYTIT A3 -14 1554 4 2621
Treatmert 2 949333 | 347777 iy -18.702 - 2845

Treatmert 3 -3G2667 | 347TTT T25 -12.8354 5581

Day_a0 Trestmert 1 Treatmert 2 429333 | 347473 o7 -13.4967 43100
Treatment 3 204667 | 347573 a35 -7 1867 11,2500

Cortrol 563333 | 347473 66 -3.5100 14 3967

Tregtment 2 Treatment 1 429333 | 347573 BO7 -4.9100 134967
Trestment 3 B.34000 | 347573 273 -2.8634 155434

Caortral 999667 | 347573 2a Jo33 19,1900

Treastmert 3 Trestmert 1 -2 04867 | 347573 435 -11.2400 71567
Treatmert 2 £.34000 | 347573 273 -15.5434 20634

Cortral 364667 | 347573 T4 -5 5567 12,8500

Cordraol Treatmert 1 -5E9333 | 347573 JE6 -14 8967 35100
Treatment 2 99866 | 347573 023 -15.1900 7833

Treatmert 3 364667 | 347573 T4 -12.3500 55567

* The mean difference is significant at the .05 level,
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Han13AINTHUYBINAVIAUAHNIFAHENAINVIINUE I
ANOVA
Sum of
Squares df Mean Square F Sig.
Day 0 Between Groups .046 3 .015 1.849 .149
Within Groups 461 56 .008
Total .507 59
Day 15 Between Groups .025 3 .008 1.151 .337
Within Groups .408 56 .007
Total 433 59
Day_30 Between Groups .015 3 .005 .668 575
Within Groups 430 56 .008
Total 445 59
Day 45  Between Groups .028 3 .009 1.094 .359
Within Groups ATT7 56 .009
Total .504 59
Day_60 Between Groups .063 3 .021 2.105 .110
Within Groups .555 56 .010
Total .618 59
Day 75 Between Groups .102 3 .034 3.854 .014
Within Groups 492 56 .009
Total .594 59
Day 90 Between Groups .104 3 .035 3.481 .022
Within Groups .558 56 .010
Total .662 59

Post Hoc Tests
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Multiple Comparisons

Tukey HZD
Mean
Difference 93% Confidence Interval
Dependent Yariahle (1) Treatmert () Treatment [l-J) . Error ig. Lowver Bound | Upper Bound
Dy O Treatment 1 Trestmert 2 Ds06T 03313 427 -03M 1354
Treatment 3 - 02267 03313 03 -1104 0E21
Cortrol 02667 03313 &52 - 081 A144
Treatment 2 Treatment 1 - 0a0naT 03313 427 -1334 037
Treatment 3 -07333 03313 132 -161 0144
Cartrol - 02400 03313 887 A7 0837
Treatment 3 Trestment 1 N2267 03313 03 - 0B51 A104
Treatment 2 07333 03313 132 - 0144 A8
Cortrol 04933 03313 451 - 0354 1371
Cortrol Treatment 1 - D266T 03313 52 -1144 D&
Treatment 2 02400 03313 Ba7 - 0637 17
Treatment 3 - 04933 03313 451 -13M 0354
Day 15 Trestment 1 Treatment 2 04400 03116 497 -.03835 265
Treatment 3 02000 03116 ks - 025 1025
Control 05200 03116 350 - 0305 1345
Treatment 2 Treatment 1 -04400 03116 497 - 1265 h3es
Treatment 3 - 02400 03118 865 - 1065 0585
Cartrol nosnn 03118 894 - 0745 0905
Treatment 3 Trestment 1 - 02000 03118 28 - A025 OE25
Treatment 2 02400 03118 865 - 0585 J0BS
Cortrol 03200 03118 T34 - 0s05 1145
Cortrol Treatment 1 -05200 03118 350 -1345 0305
Treatment 2 - 00&0a 03116 894 - 0805 0745
Treatment 3 - 03200 03116 T34 - 1145 0505
Dy 30 Treatment 1 Trestmerd 2 00333 031493 1.000 -0514 0san
Treatment 3 o200 03199 1.000 - 0527 0867
Cortrol 03867 03199 624 - 0460 1234
Treatment 2 Treatment 1 - 00333 03199 1.000 -.03a0 0514
Treatment 3 - 00133 03193 1.000 - 0860 0334
Cortrol 03533 03194 B&5 - 0454 A200
Treatment 3 Treatment 1 -o0zon 03199 1.000 -.0ae7 0827
Treatment 2 00133 031499 1.000 - 0E34 0360
Cordrol 03667 031499 BE3 - 0480 1214
Cortrol Treatment 1 - 03367 031494 E24 - 1234 0480
Treatment 2 - 03533 03194 G&5 -1200 0494
Treatment 3 - 3667 031949 BE3 S1214 04a0
Dy 45 Treatment 1 Trestmerd 2 00333 03365 1.000 -.0559 09235
Treatment 3 267 03363 ag2 - 07ES 1019
Cortrol 05400 03363 385 - 0352 1432
Treatment 2 Treatment 1 - 00333 03363 1.000 -.0925 0g:54
Treatment 3 00933 03365 el - 0799 095
Control 05067 03363 442 - 0385 4399
Treatment 3 Treatment 1 -M26T 03365 Aag2 -9 O7ES
Treatment 2 - 00933 03368 a9z - 0885 07ag
Cartrol 04133 03368 B12 - 0478 A305
Cortrol Treatment 1 - 05400 03368 385 -1432 0352
Treatment 2 - 05067 03368 442 -1388 03as
Treatment 3 -04133 03368 B12 1305 0479
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Day_G0 Trestment 1 Treatment 2 -01133 3636 A2 - 1076 849
Treatment 3 -mz20on 3636 a7 -1083 0543

Cortrol MEE00 3636 2 - 0303 1623

Trestment 2 Treatment 1 0133 D3636 a4 -0344 076
Treatment 3 - (0067 3636 1.000 - 1969 956

Cortraol 07733 3636 57 -1a9 A736

Trestment 3 Treatment 1 01200 03636 A7 -0343 083
Trestment 2 000eT 03636 1.000 - 0936 0969

Cortrol 07a00 3636 152 -0183 1743

Cordrol Treatment 1 -0eE00 D3636 277 - 1623 0303
Treatment 2 -07733 03636 157 - 1736 e

Treatment 3 -07ann 3636 152 -1743 1183

Day_74 Trestment 1 Treatment 2 -0iona 03424 A -1007 naar
Treatment 3 -.00a0nan 03424 895 -09a7 0827

Cortrol 08367 03424 057 -0020 1793

Trestment 2 Treatment 1 01000 03424 a9 -0aoy Jdoar
Treatment 3 00200 03424 1.000 - 0Bay 0927

Cortraol 09867 | 03424 028 oan 893

Trestment 3 Treatment 1 A0a00 03424 A35 - 0827 n9a7
Trestment 2 - 00200 03424 1.000 0927 Oaa7

Cortrol N96ET* | 03424 03z N0e0 1873

Cordrol Treatment 1 -03ae7 03424 057 -1793 0020
Treatment 2 -08867* | 03424 0z -1893 -.00a0

Trestment 3 - 9EET* 03424 032 - 1873 - J0&0

Day_40 Trestment 1 Treatment 2 - 02533 03645 894 -1218 0wz
Treatment 3 -0ana 03645 60 -1145 1785

Cortrol 07933 03645 142 -T2 1758

Trestment 2 Treatment 1 02533 03645 094 -072 1218
Treatment 3 00733 03645 a5y - 092 1038

Cortrol A0467% | 03645 0249 noaz 2m2

Trestment 3 Treatment 1 01800 03645 860 -07as 1145
Trestment 2 -00733 03643 897 - 1035 0a92

Cortral 09733 3645 047 000a 1938

Cordrol Treatment 1 -07e3s N3645 142 -17a5 m7z2
Treatment 2 - 10467 3645 029 =202 - 0os2

Trestment 3 - 09733 03643 047 -1935 -.0o0g

* The mean difference iz significant &t the .05 level.
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ANOVA
Sum of
Squares df Mean Square F Sig.
Day 0O Between Groups 125.383 3 41.794 .876 459
Within Groups 2673.200 56 47.736
Total 2798.583 59
Day_15 Between Groups 41.517 3 13.839 .196 .899
Within Groups 3954.667 56 70.619
Total 3996.183 59
Day 30 Between Groups 461.783 3 153.928 1.464 234
Within Groups 5887.867 56 105.140
Total 6349.650 59
Day 45 Between Groups 545,517 3 181.839 1.606 .198
Within Groups 6340.133 56 113.217
Total 6885.650 59
Day 60 Between Groups 1257.250 3 419.083 2.946 .041
Within Groups 7966.400 56 142.257
Total 9223.650 59
Day_75 Between Groups 2242.267 3 747.422 4.335 .008
Within Groups 9655.467 56 172.419
Total 11897.733 59
Day 90 Between Groups 2497.600 3 832.533 5.022 .004
Within Groups 9283.333 56 165.774
Total 11780.933 59

Post Hoc Tests
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Multiple Comparisons

Tukey HSD
Mean
Difference 93% Confidence Interval
Dependent Yariable (1 Treatment  (J) Treatment [l-J1 =td. Error Sig. Lowwer Bound | Upper Bound
Dy O Treatmert 4 Treatmert 2 3.a00 2523 Loy -2 G5 1045
Treatmert 3 2067 2523 B45 -4 B 875
Control K] 2523 841 -545 T4
Trestmert 2 Treatment 1 -3.500 2523 41 -10.48 288
Trestmert 3 1733 2523 anz -2 495
Contral -3.067 2523 E20 975 3B
Trestmert 3 Treatment 1 -2067 2523 B45 75 4 51
Trestmert 2 1.733 2523 anz -405 2.4
Cortrol -1.333 2523 a52 -2 535
Cortrol Treatment 1 -733 2523 891 -7 543
Trestmert 2 3067 2523 B20 -3 975
Trestmert 3 1.333 2523 852 -5.35 5.01
Day 15 Treastmert 1 Treatment 2 A33 3069 898 -7.a4 g 66
Treatmert 3 1.333 3063 ar2 -6.79 9.45
Control 2.200 3069 £an -543 10.33
Treatmert 2 Treatment 1 -533 3063 =it -5 66 758
Trestmert 3 gl 3069 oa4 -7a3 ga3
Contral 1667 3069 B4a 646 9.79
Trestmert 3 Treatment 1 -1.333 3089 a2 046 6.79
Trestmert 2 -&0n 3069 oa4 -243 7.33
Cortrol BET 3069 [az 726 g.09
Control Treatment 1 -2.200 3089 gan 1033 5493
Trestmert 2 -1 66T 3069 845 979 .46
Trestmert 3 - BEY 3063 84z -3.499 726
Day_30 Treatmert 1 Treatment 2 -5 467 3744 468 -15.38 445
Trestmert 3 -3.667 3744 JE2 -13.58 625
Cortral 1467 3744 a79 -G.45 11.38
Trestmert 2 Treatment 1 5467 T4 A65 -4 45 1538
Trestmert 3 1.300 3744 O3 -8.11 11.71
Control £.933 3744 261 -2403 1685
Trestmert 3 Treatment 1 3667 3744 JE2 -B 25 1358
Trestmert 2 -1.800 3744 B3 117 g.11
Cortrol 5133 3744 523 478 1505
Control Treatment 1 -1 467 3744 a7 -11.38 545
Trestmert 2 -6.933 3744 261 -16.85 2493
Trestmert 3 -5.133 3744 523 -15.05 475
Day_ 45 Treatmert 1 Treatment 2 -4.000 3885 733 -14.29 629
Trestmert 3 -2.733 3.085 bas -13.02 755
Cortral 3.867 3.085 7ai -6.42 1415
Trestmert 2 Treatment 1 4.000 3885 K] 628 1429
Trestmert 3 1.267 3885 gag -9.02 11.55
Control 7867 3885 A9 2242 1815
Trestmert 3 Treatment 1 2733 3885 595 -T55 1302
Trestmert 2 1267 3885 oaa -11.55 9.02
Contral g.600 3885 ot -3E9 1689
Cortrol Treatment 1 -3.867 3885 753 1415 542
Trestmert 2 -T 86T 3885 19 -18.15 242
Trestmert 3 -6.600 3885 ot -16.89 369
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Day_E0 Treatmert 1 Trestment 2 -2.400 4355 046 -1383 813
Treatmert 3 1867 4355 Aa73 -9E7 13.40

Cordral 9800 4 355 122 473 M3

Trestment 2 Treatment 1 2400 4355 45 913 13.83
Treatmert 3 4 267 4 355 J62 727 15.80

Cordral 12 200 4 355 034 &7 I

Trestment 3 Treatment 1 -1 367 4355 ar3 -13.40 967
Treatmert 2 -4 267 4 355 J62 -15.80 727

Cordral 7933 4355 274 -3ED 19.47

Contral Trestment 1 9300 4355 122 -21.33 1.73
Treatmert 2 -12.200* 4355 034 -23.73 -E7

Treatmert 3 7533 4 355 274 -19.47 360

Day_75 Trestment 1 Trestment 2 -3933 47495 Ads -16.63 8.76
Treatmert 3 2267 4795 B -10.43 1496

Cordral 12600 4785 a2 -0 25.30

Trestment 2 Treatment 1 3933 4795 B4 376 16.63
Treatmert 3 £ 200 4795 AT 50 18.90

Cordral 16533 4795 106 384 2023

Treatmert 3 Treatment 1 -2 267 4785 65 -14 96 1043
Treatmert 2 6200 4785 A7 -18.80 B.50

Cordral 10333 4795 149 236 2303

Cortral Trestment 1 -12.600 4795 ns2 -25.30 A0
Treatmert 2 -16.533* 4795 106 -29.23 -3.04

Treatmert 3 -10.333 4795 149 -23.03 238

Day_a0 Trestmert 1 Trestment 2 -3B00 47 B9 -16.03 5.85
Treatmert 3 1733 470 083 -10.72 1418

Cordral 13 00 47 ier 115 26.05

Treatmert 2 Treatment 1 3R00 47 Af3 845 16.05
Treatmert 3 5333 47 BT0 -T2 1778

Cordral 17 200 47 03 475 2985

Treatmert 3 Treatment 1 1733 4701 883 1418 1072
Treatmert 2 5333 470 ET0 778 712

Cordral 11867 47 &7 -58 24.32

Cortral Treatment 1 -13 600 4.7 nzr -26.05 115
Treatmert 2 -17.200* 470 03 -29B5 -4.75

Treatmert 3 -1 867 47 167 =24 32 s

* The mean difference is significant st the 05 level.
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ABSTRACT

This research aimed to study the benefits of the blended fertilizer of centrifuged
residue of rubber latex and swine manure, altogether 4 formulae: formula 1, chemical fertilizer
with 20-8-20; formula 2, centrifuged residue and swine manure in proportion of 1:1 by weight
was adjusted by N-P-K elements with chemical substance for the concentration of 20-8-20;
formula 3, centrifuged residue and swine manure ware mixed in the proportion of 1:1 by
weight; and formula 4, controlled set, the experiment was planned in Completely Randomized
Design (CRD).

This study found that there was no different in using formula 2, 3 or 1 in terms of
height, girth and number of leaves of rubber tree sprouts; However, growth of rubber tree

sprouts was slightly less for the controlled set (formula 4).

Keywords : rubber latex residue, swine manure, blended fertilizer, para rubber (Hevea brasiliensis)

E-mail : m_memost@hotmail.com
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Table 1 Average height of rubber tree (cm.)

Formula Day 0 Day15 Day30 Day45 Day60 Day75 Day90
1 3457+6.15a" 37.25+6.56a"  39.15+6.40a’  40.71+6.67a’  44.89+10.31a’  45.89+10.46ab" 46.86+10.26ab
2 37.05+4.40a  40.15+554a  4323+4.95a  46.71+6.74a 48.47+8.35a 50.43+10.430b 51.15+10.49
3 40.65+6.79a  41.16+6.67a  42.74+6.65a  43.47+6.48a 43.84+6.44a 44.57+5.93ab 44.81+ 5.88ab
4 3897+9.60a  39.49+9.69a  40.10+9.99a  40.44+10.07a  40.67+10.26a 40.94+10.56a 41.17+10.60a
F-test ns ns ns ns ns * *

Mean + SD (n=15), 1/ = The English alphabet in horizon presented that mean was significantly indifferent at level 0.05
according to Tukey’'s HSD method. The English alphabet in vertical presented that mean was significantly different
according to Tukey’'s HSD method. Moreover, the line having English alphabet more than 2 in horizon; for instance ab
meant mean was significant different from a and b, at level 0.05 according to Tukey's HSD method.* = significantly at
level 0.05. ns = no significantly. Formula 1 is chemical fertilizer 20-8-20 and formula 2 is centrifuged residue 1:1 and it

was adjusted by chemical fertilizer until get the concentration 20-8-20. Formula 3 centrifuged residue mixed swine

Y o ¥
3.2 YHAUAHIDVINIAY

Y+ & ' a v Y o ¥ Y =~
mﬂf’vﬂawaumﬂwﬂmazya NIPNTNNG llNﬁG],WSUL!1ﬂl’dui@‘U’J\‘]ﬂW]u"UE]\‘]ﬂQWNWﬁTW

anag
d' 2
n

01 75 118z 90 JU uAnANAUNNADA NszAUAMFEIU 0.05 (Table 2) na1ade M3 l¥ijonaugas

P~ a Y Y o ¥ Y = ' Vo Y H =
n2 3Jwaleuummuiammmummﬂawnwnmmm’qﬂ UliJLWIﬂGI'Nﬂ’]Jﬂﬁal"]ﬂJEJW'GTN’EIG]TVI3 Hag

[

a v Y o ¥ Y Y A
UAIUAY llNaclﬂSUu1@!?[1&‘561J’Nﬂ?ﬂu"llﬂﬂﬂﬁWNWTﬂuﬂﬂﬂ’q{ﬂ

Table 2 Average trunk diameter (mm.)

Formula Day 0 Day15 Day30 Day45 Day60 Day75 Day90
1 0.60+0.11a"  067+0.09a” 067+0.10a" 070+0.11a”  0.73+0.11a”  0.77+0.10ab”  0.78+0.10ab"
2 0.55+0.05a  0.63+0.06a  0.67+0.06a  0.70+0.07a  0.74+0.09a 0.78+0.08b 0.81+0.08b
3 0.63+0.08a  0.65+0.07a  0.67+0.08a  0.69+0.08a  0.74+0.09a 0.78+0.09b 0.80+0.08b
4 0.58+0.10a  0.62+0.11a  0.63+0.10a  0.65+0.10a  0.67+0.11a 0.68+0.11a 0.70+0.13a
F-test ns ns ns ns ns * *

Mean + SD (n=15), 1/ = The English alphabet in horizon presented that mean was significantly indifferent at level 0.05
according to Tukey's HSD method. The English alphabet in vertical presented that mean was significantly different
according to Tukey's HSD method. Moreover, the line having English alphabet more than 2 in horizon; for instance ab
meant mean was significant different from a and b, at level 0.05 according to Tukey’s HSD method. * = significantly at
level 0.05. ns = no significantly. Formula 1 is chemical fertilizer 20-8-20 and formula 2 is centrifuged residue 1:1 and it

was adjusted by chemical fertilizer until get the concentration 20-8-20. Formula 3 centrifuged residue mixed swine
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Table 3 Average leaf number

Formul
Day 0 Day15 Day30 Day45 Day60 Day75 Day90

a

1 44.07+5.46a"  41.80+7.41a"  41.73+8.66a"  42.93+8.82a"  46.47+13.42ab"’  48.67+14.38ab"  47.80+14.37b"
2 40.27+6.55a  41.27+10.37a  47.20+11.31a  46.93+11.31a 48.87+12.77b 52.60:+17.30b 51.40+16.48b
3 42.00+8.59a  40.47+8.37a  4540+12.12a  4567+13.17a  44.60+12.04ab 46.40+11.39ab  46.07+11.41ab
4 43.33+6.67a 39.60+7.08a 40.27+8.79 39.07+8.59a 36.67+9.00a 36.67+7.95a 32.07+7.65a

F-test ns ns ns ns * * *

Mean + SD (n=15), 1/ = The English alphabet in horizon presented that mean was significantly indifferent at level 0.05
according to Tukey’'s HSD method. The English alphabet in vertical presented that mean was significantly different
according to Tukey’'s HSD method. Moreover, the line having English alphabet more than 2 in horizon; for instance ab
meant mean was significant different from a and b, at level 0.05 according to Tukey’s HSD method. * = significantly at
level 0.05. ns = no significantly. Formula 1 is chemical fertilizer 20-8-20 and formula 2 is centrifuged residue 1:1 and it

was adjusted by chemical fertilizer until get the concentration 20-8-20. Formula 3 centrifuged residue mixed swine
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