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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. 
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CHAPTER I 

INTRODUCTION 

 

 

1.1  State of Problem 

Para rubber (Hevea tree), is one of the important economic plants of 

Thailand, which the totally area of 16.89 million rail has been used for plantation 

(�Rubber Research Institute of Thailand, 2010).  About 2,710,000 tons of Para rubber 

latex production was recorded as the biggest quantity has been exported in the year 

2007 (Rubber Research Institute of Thailand, 2008). Consequently, the large amount 

fertilizer such as much as nitrogen, phosphorus and potassium were widely used for 

0.3, 0.05 and 0.18 kg / plant / year respectively (Rubber Research Institute of 

Thailand, 2010a), or equivalent to 4.13, 0.689 and 2.48 ton of nitrogen, phosphorus 

and potassium / year respectively. The study estimated equivalently to 1,178 baht / rai 

(Potiwadtuthum et al, 2010)   

Natural rubber originates from Hevea tree and coagulates into a lump at 

the bottom of the cup, called “cup lump”. In case of making concentrated latex, the 

collected natural rubber has to add stabilizing agent (ammonia) to prevent the latex 

from coagulating. If solid rubber is required, all cup lumps, are collected together and 

processed. For natural latex required by factory, the stabilizing agent added in the latex 

gathered containers to keep the good quality of production before delivering to the 

factory for concentrated processing. Chemical substances such as Ammonia, Tetra 

Methyl Thiuram Disulphide (TMTD), Zinc Oxide (ZnO), Diammonium phosphate 

(DAP); etc. are added, and then forward to a centrifuge process to remove water and 

increase the rubber content of the latex. This product called “concentrated of latex”, 

while the residue in centrifuge machine called “latex residual powder or centrifuged 

residue”.  

The residue, actually average of 10.7 % remaining, (Tekprasit, 1999) is 

considered as useless material, and mostly remedying as landfill. Several studies 

reported the value of mentioned residue in the view point of nutrient element as 
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nitrogen (N), phosphorus (P) and potassium (K) at the average concentration of 2.28 

%, 8.54 % and 1.48 % (dry weight), respectively (Tekprasit, 1999). In addition, the 

study (Ubon et al, 2010) of nitrogen, phosphorus and potassium content in 

concentrated latex sludge was found to be 1.02-2.53 % (N), 22.15-48.19 % (P) and 

0.39-0.60 % (K), by dry weight. Moreover, it was remarked that even nutrient 

elements in residue were as available substances for plant growth enhancement, but 

there still had some rubber particle remained in the residual and could cause soil 

problem after use for long time therefore, blended fertilizers was initiated, by blending 

the small amount of latex residue, to let them functioned at the beginning stage of 

plant growth enhancement, and addition with the waste of swine manure which 

normally need time for microorganism to convert the nutrient element into the 

available organic substance form. In particular, the swine manure report (Mala, 2003) 

mentioned about the nutrient contents as much as 2.80 % (N), 1.36 % (P) and 1.18 % 

(K) dry weight, respectively. Therefore, blended fertilizer (latex centrifuged residue 

and swine manure) was considered to be applied as fertilizer for plant growth 

enhancement for this study. It was expected that nutrient of centrifuged latex residue 

while the plant could absorbed. At the beginning stage of growth, swine manure 

needed some time to be digested as organic fertilizer. This approach could decrease 

cost of rubber plantation of chemical fertilizer and also latex concentrated waste 

minimization (Tekprasit, 1999 and Mala, 2003).  

So, the objective of this study was to carry out regarding. The 

effectiveness of blended fertilizer for plant growth enhancement, as well as to study 

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

 

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

experiment were analyzed as designed in Table 1  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1 Conceptual Framework 
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1.3  Objectives 

1.3.1. To study the nutrient elements of centrifuged residue, swine manure 

and soil before and after experiment. 

1.3.2. To study the growth enhancement of Para rubber seedling  according 

to various fertilizer formula applications. 

1.3.3. To study the nutrient leaching out by water during and after 

experiments. 

 

 

1.4  Hypothesis 

 

H0 = µ1 = µ2 = µ3 = µ4      

H1 = µ1 ≠ µ2 ≠ µ3 ≠ µ4      

*Remark* 

µ1 = Treatment 1 was the chemical fertilizer at the concentration of          

20-8-20. 

µ2 = Treatment 2 was the mixture of centrifuged residue and swine manure 

and was adjusted N-P-K fertilizer to have the concentration equivalent to chemical 

fertilizer 20-8-20. 

µ3 = Treatment 3 was the mixture of the centrifuged residue and swine 

manure in the proportion of 1:1 by weight. 

µ4 = Treatment 4 was the control treatment. 

 

 

1.5  Scope of Study 

1.5.1 Centrifuged residue from Sri Trang Agro-Industry Public Company 

Limited and swine manure from rural farm area were studied the physical and 

chemical properties as soil improvement. 

1.5.2 Krabi soil series was used for the experiment (////, 2008) the physical 

and chemical properties of soil before and after the experiment were studied. 
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1.5.3 Soil bulk density was analyzed before experiment to study the ratio 

of fertilizer applications suitable for practice in plantation. 

1.5.4 Parameters regarding the characterization of centrifuged residue, 

swine manure and soil were studied as showed in Table 1-1 

 

Table1-1: Parameters and analysis methodogy chemical properties of soil, centrifuged 

residue and swine manure. 

 

Parameters Analysis method 

1. pH pH  meter, Land 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-II, (LDD, 2001) 

5. Available Potassium   Flame  photometer, (LDD, 2001) 

6. Electrical conductivity Conductivity  meter, (LDD, 2001) 

7. Cation exchange capacity  Ammonium acetate, (LDD, 2001) 

8. % B.S ∑( Exch.cation / CEC ) x 100, (LDD, 2001) 

 

1.5.5 Chemical properties of leached water were analyzed every 15 days as 

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

water. 

 

Parameters Analysis method 

1. pH  pH  meter (Department of Environmental 

Quality Promotion (DEQP),2006) 

2. Electrical conductivity Conductivity  meter (DEQP, 2006) 

3. TKN   Nesslerization Method (DEQP, 2006) 

4. Phosphate Ascorbic Acid Method (DEQP, 2006) 

5. Potassium Flame  photometer (DEQP, 2006) 

 

1.5.6 Para rubber seedlings RRIM 600 variety aged 2 months were used 

for the experiment. Growth of Para rubber seedlings were measured 3 cm. above bud-

grafted for height (cm.), Trunk diameter (mm.) and number of leaves were also studied 

for every 15 days. 

 

 

1.6  Expected Results 

1.6.1 Knowledge gained about nutrient elements of centrifuged residue 

and swine manure. 

1.6.2 Knowledge gained about soil properties before and after treated with 

blended fertilizer for Para rubber seedling plant.  

1.6.3 Knowledge gained about Para rubber seedling growth after treated 

with blended fertilizer at various designed formula. 
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CHAPTER II 

LITERATURE REVIEW  

 

 

To study on the Utilization of Blended Fertilizer of the Centrifuged residue 

from Para rubber latex and swine manure as growth enhancement for Para rubber 

seedling, documents and related researches were reviewed 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 to the research   

2.6 Related researches 

 

2.1 Swine manure 

The mixture of swine manure consisted of indigestible refuse such as solid 

mass, fiber, digestible parts but in absorb and feces, especially from alimentary canal 

such as intestinal lining, mucous membranes, nutrients, bacteria,  and by-product of 

bacteria (Sasangta, 2000). 

 

2.1.1 Swine manure nutrients  

The quantity of nutrients in swine manure was studied by several agencies. 

Department of Agriculture (1997) referred by (Rutthanalum, 2008) analyzed the 

chemical components of swine manure as detail shown in Table 2-1. 
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Table 2-1 The Percentages Chemical Components of Swine Manure (Volume 

2,050-2,350 Kg./swine/ year)  

Types Moisture 
Organic 

Matter 

Total 

Nitrogen 
Phosphorus Potassium 

Manure 82.0% 16.0% 0.6% 0.5% 0.4% 

Urine 94.0% 2.5% 0.4% 0.05% 1.0% 

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

 

The average values of swine manure nutrients were N (2.80 %), P (1.36 %) 

and K (1.18 %) (4) and N (1.3 %), P (2.4 %) and K (1.0 %) respectively (Rubber 

Research Institute of Thailand, 2007). 

 

2.1.2 The approaches of swine manure utilization  

Important minerals in swine manure are N, P and K, which can be used in 

many ways: 

1. Fertilizer: Swine manure can be used to produce fertilize to enhance soil 

physical quality and as the source of nutrients for plants. At the first period, the 

microbes decompose the manure and the plant can then utilize it.  

2. Animal feeds: Swine manure can be mixed with other feeds. However it 

must be safe from any diseases contamination, which can cause danger to animal, and 

food quality reduction.  

3. Fishery feeds: Through building pig sty over fish pond. When the pigs 

defecate, the manure directly drops down to the fish pond or use the swine manure 

from another places as fishery feeds.  

4. Worm culture: Swine manure can be used as whorl maggot breeding as 

an alternative source of protein for many pet food formulas.  

5. Alternative energy: Fermented swine manure and waste water in the 

anaerobic condition causes biogas which can be used as another alternative energy 

such as fuel for the lamp or electricity. The fermented swine manure is able to be used 

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

1. The use of dried swine manure fertilizer for agriculture should be 

applied before cultivation. Soil tillage should be done with organic fertilizer at the 

ratio 1-2 ton/ rai.  

2. The use of swine manure in horticulture: soil should be prepared by 

mixing with fertilizer. The ratio is combination of loamy soil: swine manure (1:1) and 

clay: swine manure (1:2). Sand and clay, firstly, mix together in 1:1; then, the mixed 

sand mixes with swine manure (1:1).  For perennial tree, 20-50 Kg./ plant is needed at 

the bottom of exeavated pit and around bushes every year.   

3. To use swine manure fertilizer in vegetable cultivation, it is suggested 

that the fertilizer should be well decomposed fertilizer and it is recommended to use as 

1 Kg. / 1 m2 area.  

Raising one pig within a year can acquire fresh swine manure for 1-2 rai of 

cassava cultivating and for 1-3 rai of vegetable cultivating, cabbage, onion, garlic and 

tomato.  

 

2.1.4 The problems of less use of swine manure by farmers  

1. The amount of swine manure is insufficient because it contains less 

nutrients white the amount of usage is high.  

2. Strong odor of swine manure can disturb people in the community so it 

is not convenient to use.  

3. The cost of labor and transportation of swine manure to the cultivation 

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

 

Figure 2-1 Centrifuged Residue from Para rubber latex 

 

2.2.1 The characteristics of centrifuged residue 

The characteristics of centrifuged residue are mire and white or light 

yellow color; moreover, it is considered as solid waste in composition of 

contamination as dust, bark, remnants of leaves and sand together with Mg and P as 

important components. It derives from the sedimentation in clarifier as Figure 2-2 and 

from the latex centrifuged process as Figure 2-3. Moreover, the Para rubber latex 

factory, at the present time, does inappropriate management such as dumping 

centrifuged residue as solid waste for land reclamation. In fact, the component of 

centrifuged residue is N, P and K that average equaled to 2.28, 8.54 and 1.48% of dry 

weight, respectively and the pH value is equal to 9.0±0.1 which is necessary for plants 

growth (Tekprasit, 1999 and  Department of Industrial Works, 2007).   

 

 

 

 

 

 

 

Figure 2-2 Dry Para rubber tank picture before Blended 
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Figure 2-3 Centrifuged Residue from Centrifuged Process 

 

2.2.2 Ratio of Centrifuged Residue Process 

At the Para rubber latex factory, centrifuged residue has been found 

between 0.7-500 ton/month or the proportion of centrifuged residue is 0.6-50 Kg. / 1 

ton of rubber latex of which the production can produce waste around 1% of the 

rubber’s weight. From the research, it was found that each factory used latex to 

produce rubber latex around 39.91-157.56 ton/day. Therefore, it could be calculated 

waste in the form of centrifuged residue from each latex factory about 0.39-1.58 

ton/day (Takprasit, 1999). Centrifuged residue was considered as waste with high  

humidity. Practically, the factory dumped it as wastes or for landfill. At the present, 

some factories use it as fertilizer in oil palm plantation.  

 

 

 

 

 

 

 

 

Figure 2-4 Dumped Centrifuged Residue or Pile of Centrifuged Residue within 

the Factory 
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2.2.3 Utilization of Centrifuged Residue Approaches 

General centrifuged residue is solid waste within highly humid. 

Practically, the factories dump it as wastes, as landfill materials and some use it as 

fertilizer in oil palm plantation. Although centrifuged residue contains useful nutrients 

for plants, the research on utilization of centrifuged residue as fertilizer is rarely found. 

However, centrifuged residue itself is contaminated with latex scraps which might 

affect to the soil quality in long term. 

 

 

2.3 Para rubber tree 

The Para rubber tree is an important industrial crop. At the moment, 

Thailand is the first Para rubber producer in the world, Indonesia and Malaysia is the 

second and the third, respectively (////, 2008).  

The Para rubber plantation area in Thailand, now, scatters through out the 

country. Regarding the information from Rubber Research Institution, it mentioned 

that the total area of Para rubber plantation in Thailand was around 13.78 million rai; 

moreover, the greatest Para rubber plantation was in the South of Thailand about 10.95 

million rai, especially in Suratthani Province was about 1.81 rai. Furthermore, the 

government, at present, supports the farmers to plant Para rubber plantation through 

expanding to the Northeast and the North departs of Thailand (Rubber Research 

Institute of Thailand, 2008). 

 

2.3.1 Botanical characteristics of Para rubber  

Root is the primary root system which has both primary root and 

secondary root to find food and hold stem. Generally, the depth of the rubber’s root is 

about 1-2 m. but the root will be deeper than 2 m. if the soil quality is nice loose; at the 

same time, there is secondary root in order to find food around the surface.   

Stem is a cone-shape like when planted by seed and it looks like tube when 

it does propagation by grafting which is composed of 3 parts:  

1. Wood  

It is soft wood which has white and yellow color in core of the stem.  
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2. Tissue  

It is thin tissue around the wood.  

3. Bark  

This outer part is next to the tissue which prevents danger from 

outside. Inside bark connects to the tissue which has latex tubes the most.  

Leaves, in general, are compound leaves, 1 leaf stalk has 3 

sub-leaf stalks. Each leaf is around 10-20 cm. long and the leaf arrangement is spiral 

pattern. Its duty is to cook, breath and emit. The rubber’s leaf sprout up layers called 

“Chatra”. The tree will shed leaves during dry season, except the 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 female flowers in the same inflorescences 

which can breed open-pollination. Naturally, flowering is during February-June and 

the second is during August-October. The first flowering can produce more fruits and 

seeds than the second. 

Fruit is like section and normally has 3 sections. Each section 

has small seed inside. It is green color when it ripens, the color will change to brown 

and hard. The diameter of ripe fruit is around 4.5-5.0 cm. and the height is about 4.5 

cm. One rubber tree provides 50 fruits/ years in average.  

Seed is brown color with white stripe. The length is 2-2.5 cm. 

and the width is around 1.5-2.5 cm. together with its weight is around 3-6 Kg. The 

rubber seed will sprout approximately 20 days.  

Latex vessel looks like tube around the rubber stem from the 

lower left to the upper right, excepting KRS 13 species whose latex tube characteristic 

is like clockwise. Normally, it is vertical around 25˚. The most density of latex vessel 

is around the tissue and it gradually reduces around hard 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 6.5-7.0 and the viscosity is ambiguous 

due to many factors such as rubber species, age of rubber, 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 – 2.5  

Ash Reach to 1 

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 conditions as follows: 

1. Rubber plantation area the elevation should not be above 

600 MSL. In general, the rubber should plant in the plain area or the area elevation 

with around 200 MSL. Moreover, the slope is lower than 35˚ and if the slope is higher 

than 40˚, it is necessary to plant in terraces system.  

2. Soil the rubber tree can grow very well in the infertile soil. 

The soil quality characteristic is different depending on parent material 

(Keawruenrom, 2004). The depth of the land surface should not be lower than 1m. 

without bedrock or subsoil layer, this can obstruct root growth. Moreover, the soil 

should not be alkaline soil and has the pH 4.0-5.5 as well as the groundwater should be 

deeper than 1 m. The soil texture should be loam, clay loam or sandy clay loam and 

the fertility is in moderate level and well ventilates and should not be stagnant. 

Therefore, soil is the influenced factor on rubber plantation enhancing early tapping 

with high yield.  Therefore, soil is radically basic factor for rubber production 

including adding fertilizer, vegetative cover and appropriate soil management.  

The soil group for planting rubber is classified into 2 groups: 

clay loam group such as Chumphon series, Pathiu series, Ao Luek series, Krabi 

series, Thai Muang series and Lamphura series found at the previous rubber plantation 

area; and Kabin Buri series, Chokchai series and Pak Chong series found at the new 

rubber plantation area; while sandy loam such as Khlong Thom series, Kho Hong 
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series, Na Thawi series, Khuan Ka Long series, Tha Sae series, Nam Krachai series, 

Sadao series found at the previous rubber plantation area; as well as Korat series, 

Warin series, Satuk series and Yasothon series these soil series have been found 

suitable as new rubber plantation area (Rubber Research Institute of Thailand, 2007a).  

For this study, the Krabi series was selected for the experiment 

since it is very deep silty clay loam. Top soil is loam and clay loam with well 

ventilation. The pH is 4.5-5.5 which is suitable for rubber tree and other perennial 

trees.  

3. Soil organic matter soil for planting rubber trees, in 

general, has low organic matter so the amount of soil organic matter essentially 

increases through vegetative cover (fabaceae family) between the rubber tree lines  

due to the fact that the amount of soil organic matter decomposes and gradually 

changes and vanishes. In case of soil erosion or soil runoff (Kangpidsadarn, 2007a) 

and lost soil organic matter, to restore the amount of soil organic matter is difficult and 

takes time; therefore, the best protection is to prevent soil erosion and the land should 

not be deserted. 

4. Rainfall the volume of rainfall should not be less than 1,350 

ml./ year and it should not rain less than 120 days/year.  

5. Relative Humidity is the important factor for planting 

rubber. The change of relative humidity depends on the volume and rainfall 

distribution. In fact, the rubber can grow well at the place that has the relative 

humidity between 65-90 %. The area having high relative humidity can plant rubber 

tree very well and high production but it is easy to cause epidemic. 

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

7. Wind speed should not over 1 m. / second in average which 

is suitable for rubber growing. The average of wind speed is 2.0-2.9 m. / second which 

obstructs the growth of rubber and latex circulation. The wind speed over 3 m. / 

second restrains the growth of rubber tree and severe affected latex circulation.  

8. Light distance the requested light distance is between 

1,800-2,800 hour/year but the light distance per day does not impact on rubber 

plantation (Rubber Research Institute of Thailand, 2007b; 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 (seedlings)  

 

The RRIM 600 variety age two months was selected for the 

experiment. The prompt stumped budding was the breeding between Tjir varieties 

with PB 86 variety from Malaysia which has the identity as follows: 

Leaf storey  

 The characteristic of leaf story is a cone shape, the position of 

lamina is opened, leaf storey is small and its width is narrow and the composed of a 

relative number of leaves is sparse.  

Leaf  

 The leaf color is yellowish green. The vivid color of midrib is 

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

is flat with pinately parallel venation.  The shape of middle leaflet with plamately 

parallel venation is straight, obovate, entire, flat and shiny.  
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Petiole  

The petiole is straight and moderate length. Leave scar is 

cordate. The inner part of sub-petiole is moderate length.  

Auxiliary bud   

The auxiliary bud is less bulging and is at the base of petiole. It 

sticks inside the stem.  

Stem  

The shape of stem is straight and its color and limb is dark 

color.  

Crown  

It is moderate crown which looks like fan and its density is 

ordinary.  

Branches  

 Having low branching, the tree limb is rather long and acute 

angle with moderate size and extreme branch bending.  

Seed  

It is medium size and square shape. The head, the bottom and 

the back is entire and the external part is ridge together with there is the eruption on 

the skin.  

 

 

 

 

 

 

 

 

Figure 2-6  Para rubber seed RRIM 600 variety. 
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The advantages and disadvantages of RRIM 600 variety are as follows: 

Advantages  

• This rubber regularly provides a lot of latex  

• The growth rate is found favorable  during rubber tapping 

• Tapping panel dryness rarely occurs 

Disadvantages 

• It cannot be tolerate to Pink Disease, Phytophthora Leaf Fall and Black Stripe  

• It is not suitable for planting at the shallow soil and at the high level of 

groundwater (Sangvatin, 2008)  

 

2.3.4 Para rubber seedling in nursery bag  

Para rubber seedling meant the good quality bud-grafted seedling 

maintained in polyester bag until the rubber has 1 leaf storey which was good quality 

according to the standard of Department of Agriculture (Rubber Research Institute of 

Thailand). 

 Para rubber seedling in nursery bag meant material used for 

maintaining scion rubber until its leaves or called leaf storey sprouted up at least 1 leaf 

storey and could cultivate in the plantation area (Sangvatin, 2008).                                   

Para rubber seedling in nursery bag meant the material used bud-grated 

seedling to be planted in the polyester bag around 2-3 months until the size of seedling 

shown 2-3 leaf stories which was ready to be planted in the plantation area.  The size 

of nursery bag was black color about 11x35 cm. making reams around 3 mm. 3 lines 

and each line was around 5-7 reams (Office of the Rubber Replanting Aid Fund).  

The standard of Para rubber seedling has the quality as follows: 

• The size of bag is at least11x35 cm. and the bag is reamed in order to drain the 

water. 

• The soil characteristic is rather clay to prevent broken bag during 

transportation. 

• The amount of soil should be higher than 25 cm. from the bag edge and the bag 

should not have weed. 
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• The bud-grafted seedling in polyester bag should be qualified according to the 

standard set by the Department of Agriculture and the scion variety should 

meet the specification of Department of Agriculture. 

• The scion rubber should be disease-free, including leaf, stem and root and the 

growth of rubber should have at least 1 leaf storey and not over 2 leaf stories. 

• The seedling should have leaf story and the height of rubber from the bud-

grafted mark to the top of the leaf is not over 20 cm. (Rubber Research 

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

 

 

Figure 2-7 Height Measurement of Para rubber seedling in nursery bag from the 

bud to the tree top 

 

The bud-grafted Para rubber seedling in polyester bag is popular and 

suitable for rubber plantation and for plant repair because plant growth would be 

regularly uniformed and needed very few fixing for dead seedlings. The material used 

for seedling such as  

• Plastic bag should be black color size 11x35 cm. and be approximately reamed 

for the whole bag. 

20 cm. 
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• Soil texture for seedling should be rather clay, it was suggested to apply by soil 

mixed with organic matter (manure or compost) as 2:1 plus rock phosphate 

fertilizer 10 g./ pack. 

• Based-seedling stem (Para rubber seedling) is the local variety which is easy to 

bark, age from 4 till 8 months. The stem dimension is about 1.0-1.2 cm. The 

height from the ground is 10 cm. The local rubber seedling from natural seed 

breeding such as RRIM 600, BPM 1, and RRIT 214. The primary root system 

is strong and had highly disease resistance but it has low latex production.  

 

 

 

 

 

 

 

 

 

 

Figure 2-8  Based-seedling stem 

Source: Rubber Research Institute of Thailand, 2007c 

 

The standards of based rubber seedling stem used for making seedling 

in nursery bag are as follows. 

• The single primary root is straight and undamaged root 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 is not over 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 cm. The scion condition should 

well attach the stem without yellow color or dryness. The scion position should 

not be upside down and should use scion petiole. 
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• The scion stem should be fresh without disease and weed (Rubber Research 

Institute of Thailand, 2007c). 

Planting Para rubber seedling in the nursery bag  

This method is popular and the most successful comparing with other 

planting method because the survival rate is high and steady growth; moreover, this 

method shorten the duration of seedling planting after care and the rubber could be 

tapped faster. However, the seedling in nursery bag is expensive and needed delicately 

careful during transportation because if the bag is broken, the chance of rubber 

seedling to survive was also low. This method should plant during rainy season. The 

first step is to dig the pit and prepare the seedling rubber into the excavated pit by 

placing the joint part between root and the scion being the same level of the pit edge, 

cut off the bottom of the bag around 2-3 cm. in order to cut the distorted part of the 

root. Placing the rubber seedling into the pit, with adjusted the root and the scion, cut 

the plastic bag vertically ready for removing then put soil around the stem. It was 

suggested that soil should be a little bit higher than the surrounding area in order to 

prevent the stagnant water. Than softly removing the plastic bag off and put the stick 

beside the new planted. Before dry season, the tree should be covered with dry leaves 

radius of 50-80 cm. and be far from the rubber trees around 5-10 cm. (Sangvatin, 

2008). 

The growths of rubber sprout 

After the rubber seedlings are planted, the leaf storey later appears in 2-6 

weeks per 1 leaf storey; however, it depends on the environment and the rubber sprout 

maintenance (Rubber Research Institute of Thailand, 2007c).  

 

 

2.4 Rubber Fertilizer 

The fertilizer is important for the growth and production. Due to the rubber 

infertile area for plantation and some areas have been planted rubber trees for long 

time resulting in soil erosion and natural decomposition of soil organic matter, some 

nutrients lost during rubber tapping. If the rubber trees could not get enough fertilizer, 

it might affect to the growth and production.  
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The rubber trees in different ages require different amount of nutrition 

which showed the nutrient requirement in each ages through (Kangpidsadarn, 2007b). 

The nutrition, which rubber trees require, is N, P and K called macronutrient elements 

and the secondary nutrient is called micronutrients such as Ca, Mg and S and the 

nutrient supplement less requires such as Zn, Cu, Fe, Mn, B, Mo and Cl. While the 

plant gets C, H and O2 from water and air (Wansiri, 2006).  

The various nutrients, which is important for growing rubber as mentioned 

above, have roles and importance as follows: 

 

1. Nitrogen (N) 

The role of N helps the rubber tree growing and producing latex. The 

rubber trees require N a lot which is around 3-4% of dry leaf weight (Sangvatin, 

2008); but in general, the soil in Thailand has low nitrogen because the farmers use the 

fertilizer which has low nitrogen and low soil organic matter. Therefore, the Nitrogen 

should be added by various methods; for example, planting vegetative cover, Fabaceae 

family, among the young rubber trees lines affects to the maintaining level of nutrition, 

especially Nitrogen level, and adding Nitrogen for rubber trees. If the rubber trees lack 

of Nitrogen, the stem becomes small and bark color is dry and harder than normal; 

thus, it is difficult to tap. The leaf is yellowish green and smaller than normal and has a 

few. If it is severe condition, it will show in the first leaf storey (Kangpidsadarn, 

2007a).  

Moreover, the fertilizer effects on the growth and the production of rubber. 

There are other related factors to the growth and rubber production as well. From the 

report (Dea et al, 2001), it mentioned that, likewise, the different type of soil 

influences on the growth and the production.  

 

2. Phosphorous (P) 

  P is important in terms of cell division and building cell in plant. It helps 

the root growing which helps root for more K absorption. Normally, the acid soil has 

iron and aluminum. P is in form ferric Phosphate and Aluminum Phosphate which 

plant cannot use its benefits. Therefore, the soil for planting rubber trees has low 

available Phosphorus. The rubber trees, which lack of phosphorus, stop growing. The 
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stem and leaf is violet and the latex is less but if the soil has a lot of Phosphorus, the 

rubber trees will produce less latex. 

 

3. Potassium (K) 

 Potassium is the important component of enzyme which is for synthesis 

and for producing protein and starch; additionally, it conveys starch and glucose and 

controls pH balance as well as opened-closed leaf; besides, it helps the tree and root 

system tolerating insects and weeds together with increases production and quality. It 

means that if the rubber trees receive enough Potassium, the bark will grow faster and 

the volume of latex will increase. In other words, if the rubber trees receive less 

Potassium, the bark will grow slower; the latex quality will decrease; the stem is small 

and pale green; the apex gets dry and has brown dots and some found red dots or 

brown dots between venation of young leaves (interveinal chlorosis).  

 

4. Calcium (Ca) 

Calcium is important for cell division and for cell wall and helps the root 

to grow. Ca can reduce toxic of aluminum which is high in acid soil. Therefore, it 

increases the benefits of Phosphorus and Potassium. To put Iron Phosphate increases 

the advantage of calcium in soil as well as calcium in the rubber leaf due to the fact 

that iron phosphate has Ca around 30 % of weight. The rubber trees can adjust its elves 

in the low calcium condition so lacking of calcium cannot find in the soil for planting 

rubber. 

 

5. Magnesium (Mg) 

Mg is important micronutrient which is influenced on the growth and on 

increasing rubber production because Mg is the component of chlorophyll used for 

photosynthesis. Even adding Mg reduces a number of leaves, it increases production 

because the rubber trees vastly produce; the nutrient in the leaves is used for producing 

latex. Lacking of Mg in the rubber trees has less latex. The apex and the area between 

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

dolomite.  

 

6. Iron (Fe) 

Fe is important to synthesis of chlorophyll but it is not the component of 

molecule of chlorophyll. Fe dissolves well in acid soil but the soil, which has high 

Phosphate, lacks of Fe because Fe reacts with P so the sediment is disadvantage. To 

add N, P, K and Mg to rubber trees for a long time makes the rubber trees being 

difficult to absorb and the entire leaf becomes yellow.  

 

7. Manganese (Mn) 

The role of Mn has various reactions with plant such as oxidation and 

reduction which is the component of some enzyme related to plant respiration. The 

enzyme stimulates the utilization of N and producing chlorophyll. The soil for planting 

rubber has high amount of P will lack of Mn because Mn reacts with P causing 

disadvantage sediment. If the rubber lacks of Mn, its symptom is like lacking of Fe: 

the leaf is pale yellow. Fe and Mn are antagonist each other. If there is a lot of Mn, the 

rubber will absorb less Fe.  

 

8. Zinc (Zn) 

 This mineral is related to metabolism of Auxin which controls the growth 

of rubber tree. Zn, which is advantage to rubber trees, should be able to dissolve in 

water so the root can absorb. The benefit of Zn reduces when pH increases. Lacking of 

Zn happens when the soil has a lot of P and Cl. This makes Zn reaction with P 

becoming insoluble compound. If rubber lacks of Zn, it stops growth, the latex 

decreases, the leaf becomes small and the root has wrong feature.   

 

9. Copper (Cu) 

Copper produces Lignin which is the component of Ascorbic acid Oxides 

(enzyme) enhancing rubber tree growth.  If the rubber severely lacks of Cu, it dies 
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back in the soil having high organic matter such as peat soil. Cu will be fixed with 

organic matters which cause indigestible form of Cu. 

 

10. Boron (B) 

Boron is important to produce cell, cell division and cell enlargement of 

rubber tree. This chemical is related to the plant physiology process such as 

metabolism. Boron is essential for rubber because it is immobile from old leaf to 

young shoot. In case of Boron deficiency, the leaves stop growing and its shape is 

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

 

11. Molybdenum (Mo) 

The function of this mineral is to produce protein. This mineral is different 

from other minerals because the advantage of Molybdenum will increase when the pH 

is high. Indicating low pH level, pH level of rubber soil is ranging about 4.0 - 5.5.  If 

the rubber lacks of this mineral, the latex decrease (Kangpidsadarn, 2007a).  

 

2.4.1 Used fertilizer in Para rubber plantation areas is divided into 4 

types 

• Type 1 fertilizer used for sprout plot 

• Type 2 fertilizer used for grafting plot 

• Type 3 fertilizer used before tapping 

• 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 plantation area. The prepared soil should 

be moderate fertile loam; in case of sand soil, manure or 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 fertilizer ratio 20-8-20 of 40 Kg/ rai and the 
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ratio 20-8-20 of 60 Kg./ rai applied for loamy clay and sandy loam plantation, 

respectively. On the other hand, the fertilizer ratio 20-10-12 of 30 Kg./ rai suitably 

new rubber plantation areas. 

 

Precautions in using manure as fertilizer 

• Stop putting fertilizer for 1 month before grafting because it could make 

grafting be rotten.  

• Should not put fertilizer close to the stem or rubber leaves because they might 

be burned. For the rubber sprout aging 1-2 months, fertilizer should widely 

spread around 5 cm. and for the rubber sprout aging 3 months and before 

grafting for 1 month, fertilizer should gradually spread around the stem (Surat 

et al, 2010 referenced in (Osotspa)). 

• Fertilizer should be added when the 1st leaf 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 success healthy seedling 

resulting in more seedling quantity gained. For old plantation with loamy clay, the 

fertilizer ratio 20-8-20 for 35 Kg/ rai and for sandy loam, the ratio is 20-8-20 for 50 

Kg./ rai. The fertilizer is ratio 20-10-12 for 30 Kg./ rai is used for new rubber 

plantation and for all types of soil. 

After grafted and truncated leaves, fertilizer should be added to enrich 

graft. The ratio of fertilizer is 120 Kg./ rai used for the first year in the loamy clay or 

180 Kg./ rai used for sandy loam; besides, the fertilizer in ratio of 90 Kg./ rai is used 

for new rubber plantation by separating into 3 times, after cutting the stem by 2 

months, 4 months and 6 months respectively. after cutting watersprout (King Kra 

Dong) fertilizer 160 Kg./ rai is used for loamy clay, fertilizer for 240 Kg,/ rai used for 

sandy loam or 120 Kg./ rai for the new rubber plantation 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 tree has been planted until tapped 

such as fertilizer for ground-based bottom and fertilizer for enrichment.  

• Ground-based bottom fertilizer is essential for root growth acceleration. 

Thus, rock Phosphorus fertilizer (0-3-0) has 25% of total Phosphorus and 3% 

available Phosphorous is recommended for its step of plantation.  The method 

of using this fertilizer is to excavate the soil into 2 parts: the upper layer and 

the lower layer. The upper soil put back into the excavated pit, the lower soil 

mixed with rock Phosphate fertilizer in ratio of 170 g./ pit.  

• Enrichment fertilizer  is for the growth acceleration of rubber tree and could 

be tapped faster including to increase its production. There are 2 formulas as 

follows: 

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

Formula 2: 20-10-12 for all types of soil at the new rubber plantation areas 

 

 The formula for the old rubber plantation areas has different ratio depending on 

types of soil texture. The formula of the new rubber plantation areas 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 fertilizer 

20-8-20(g/tree) 

Chemical 

fertilizer 

20-10-12 

(g/tree) 

Organic 

fertilizer 

(kg/tree) 
Year 

Rubber 

sprout 

aging 

(Month) 

Loamy clay Sandy loam All kinds of soil 
All kinds of 

soil 

2 70 100 60 1 

5 100 140 80 - 1 

11 130 170 100 - 

14 150 200 110 2 

16 150 210 110 - 2 

23 150 210 120 - 

28 230 320 180 2 
3 

36 230 320 180 - 

40 240 330 180 2 
4 

47 240 330 180 - 

52 260 360 200 2 
5 

59 260 360 200 - 

64 270 370 200 2 
6 

71 270 370 200 - 

Source: Kangpidsadarn, 2007a 

 

Type 4: Fertilizer used after tapping 

After tapped rubber trees, it is necessary to add fertilization every year in 

order to promote regularly increase the production. The amount of appropriated 

nutrition after tapped rubber trees is fertilizer formula 30-5-18 which is suitable for all 

types of soil, both old and new rubber plantation areas through putting fertilizer in 

ratio of 1 Kg./ tree/ year and separating into 2 times per year with 500 g./ tree for each 

time. The fertilizer firstly put in the rainy season after shed leaves, while leaves semi-
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young to semi adult, around the end of April to May. The second time is around 

August to September by sowing fertilizer far from the stem around 3 m. or from the 

middle of rubber line and concealed it at the sub-surface building around 5-10 cm.  

The soil, which lacks of Mg should, add Kiesirte (26 % MgO) 80 

g/tree/year. The rubber plantation with vegetative cover regularly put fertilizer during 

rubber lines. During the first 2 year of tapping, the fertilizer is unnecessary in case of 

fertile soil and sufficient nutrient of rubber leaves because the fertilizer, in fact, is put 

during sprout still enough at the first tapping; besides, it is unnecessary to add fertilizer 

after tapped since the remaining vegetative cover, branch remnants, dry leaves and 

have piled up for many years and when they are decomposed, they naturally turn in to 

organic matter (Kangpidsadarn, 2007a).  

 

 

2.5 The Summary of Used fertilizer Formula for this Research   

The rubber fertilizer formula before tapping used in this research was 20-

8-20 in ratio of 5 g./ tree, which was suitable for 2 months Para rubber seedling 

experimented planting in polyester nursery bag. Krabi soil series: Kbi was selected for 

the experiment because its characteristic is very deep silty clay loam. The top soil is 

loam till loamy clay, well drainage and the pH is 4.5-5.5 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 

quantity of centrifuged residue of N, P (in form of P205), K (in form of K20), Mg, Zn 

and Ca as 3.31 %, 14.69 %, 1.01%, 12.24 %, 0.63% and 0.03%, respectively. 

Centrifuged residue was their distilled by distilled water, it was found that Mg was 

dissolved the most around 3.90% by weight followed by N, K, Zn, and Ca, the  

average quantities were 0.26 %, 0.25%, 0.16%, 0.08% and 0.01%, respectively.  
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The study of the centrifuged residue characteristic and its ratio from 

latex industry by Warasri (1999), it presented that the producing latex process created 

the centrifuged residue in average of 10.7 kg. / ton of latex. At the present, the factory 

disposed by dumping as landfill which was inappropriate practice. Regarding the 

chemical properties analysis it was found that the average amount of N, P and K was 

equivalent to 2.28%, 8.54% and 1.48% of dry weight, respectively. Therefore, it was 

tested with Manila grass and results good showed growth rate. However, the 

centrifuged residue contaminated with Zn and small latex remained. Such latex in the 

centrifuged residue could change the soil quality in long term if the centrifuged residue 

was used a lot because the latex was rather difficult to decompose and block top soil; 

thus, water absorption capability of soil was lessen. 

 

The study of the utilization of centrifuged residue from latex industry 

together with the sediment from water treatment of frozen chicken factory in 

form of soil enrichment by Walaiporn (2004) the study was conducted the 

experiment with 3 kinds of plant, lettuce, tomato and rice. It was found these 3 plants 

did not show any sign regarding lack of nutrient and production by dry weight and was 

not different from using chemical fertilizer.  

 

         The study of the utilization of chemical fertilizer and farm manure 

by of Evanylo et al (2008) the study was conducted the experiment on maize, pumpkin 

and pepper plantation. The findings were that at the initial stage, the plot with 

chemical fertilizer exhibited more plant growth than those cultivated by farm manure. 

Later, physical properties of soil with farm manure were more fertile than the plot used 

chemical fertilizer.  

 

The study of using organic fertilizer with chemical fertilizer towards 

the growth of rubber sprout in region 1 by Suwanmongkorn et al (1998) the 

experiment was conducted 3 times by employing 4x4 Factorial in RCB. The rate of 

chemical fertilizer was 50%, 75% and 100% by weight and without fertilizer; 

consequently. The results showed that the rubber trees with fertilizer significantly had 

better growth rate than without fertilizer. The 4 organic fertilizer applications, they 
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were without fertilizer and the fertilizer using rates of 100%, 200%, and 300% by 

weight, it was found that the different rate of organic fertilizer using did not have any 

affect to the plant growth significantly. The researcher, however, could not summarize 

that the use of organic fertilizer did not affect the growth of young rubber due to the 

fact that the amount of organic fertilizer probably was 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 treatments: treatment 1, no nitrogen with 

chemical P and K (PK); treatment 2, swine manure only (M); treatment 3, N, P and K 

chemical fertilizers only (NPK) and treatment 4, half chemical fertilizers combined 

with half swine manure (NPKM). The results showed that organic manure application 

with chemical fertilizers (NPKM) increased the yield and Nitrogen use efficiency of 

rice, reduced the risk of environmental pollution and improved soil fertility greatly. It 

could be a good practical technique that protected the environment 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 soil derived from barren land in 

subtropical China by Li et al (2010) this research conducted five different treatments: 

treatment 1, chemical fertilizers (NPK); treatment 2, chemical fertilizers and rice straw 

(NPKRS); treatment 3, chemical fertilizers and double amounts of rice straw 

(NPK2RS); treatment 4, chemical fertilizers and swine manure (NPKPM) and 

treatment 5, chemical fertilizers and green manure. The results showed that rice yield 

was higher in treatments of organic amendments (NPKRS, NPK2RS, NPKPG and 

NPKGM) than in chemical fertilization only. This study indicated application of 

chemical and organic fertilizers sustained relatively high rice productivity. After rice 

cultivation, SOC and total N increased linearly with cultivation years, and 

accumulated only in surface layer steadily but slowly. 
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Chemical degradation of a Ferralsol (Oxisol) under intensive rubber 

(Hevea brasiliensis) farming in tropical China by Zhang et al (2007) the experiment 

was conducted with 3 kinds of soil: soil was taken from fields of grass (before rubber 

plantation), immature rubber (before tapping) and mature rubber (after tapping). The 

results showed that rubber cultivation in significant decline of soil organic C and 

microbial biomass C. Available P was extremely low for all kinds of soil, resulting 

from the naturally low P content and the high sorption capacity of highly weathered 

Ferralsol. Furthermore, soil pH decreased by about 0.5 units, accompanied by an 

increase of exchangeable Al by more than one-fold. 

 

Effect of C/N on composting of swine manure with sawdust by Huang 

et al (2004) the experiment was conducted with two aerobic static piles were prepared 

consisting of swine manure mixed with sawdust in ratio of 3:2 (w/w, fresh weight) and 

4:1(w/w, fresh weight), in order to achieve C/N of 30 (pile A) and 15 (pile B), 

respectively. The results showed that co-composting of swine manure with sawdust at 

low initial C/N of 15 could reduce the amount of sawdust used, but it would require a 

composting period of more than 63 days. In addition, the high EC value of the resulted 

compost had to be reduced to levels that would not exert an inhibition on plant growth. 

 

Effect of natural rubber processing sludge on the degradation of crude 

oil hydrocarbons in soil by Okieimen et al (2002) this research conducted four of the 

flasks: flask 1, contained oil-contaminated soil without the sludge; flask 2, 3 and 4 

contained oil-contaminated soil with 100, 500 and 1,000 mg sludge, respectively. The 

results showed that natural rubber processing sludge was potential source of nutrient 

supplement in agriculture. 



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc.(Appro. Techn. for Resou. And Env. Dev.) / 33 

 

CHAPTER III 

RESEARCH METHODOLOGY 

 

 

The research regarding utilization of blended fertilizer between centrifuged 

residue from Para rubber latex and swine manure as growth enhancement for Para 

rubber seedling composed of 5 key procedures of research 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 site for Para rubber seedling growth experiment  

The study was conducted at the deck of Building 1, Faculty of 

Environment and Resource Studies, Mahidol University, Salaya Campus, Nakhorn 

Pathom Province.  

 

3.1.2. Chemical Analysis of Soil, Centrifuged Residue, Swine Manure 

and Water 

The chemical analysis of soil, centrifuged residue, swine manure and water 

was performed at the chemical lab, Phatthanadol Building 1, Faculty of Environment 

and Resource Studies, Mahidol University, Salaya Campus, Nakhorn Pathom Province 

and the central lab, Faculty of Science, Mahidol University, Phayathai Campus, 

Bangkok.  
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3.2 Material, Laboratory Tools and Equipment 

 

1. Centrifuged residue from Para rubber latex. 

2. Swine manure. 

3. Uria fertilizer (46-0-0), Diammonium Phosphate fertilizer (18-46-0) and 

Potassium Chloride fertilizer (0-0-60) 

4. RRIM 600 Para rubber seedling variety in polyester bags age 2 months. 

5. Experimented soil was Krabi Series (Kbi) (////, 2008) 

6. Nursery bags (polyester bag) for seedlings, size 9x16 cm. 

7. Experiment tools for fertilizer blending, and for growth of Para rubber 

seedlings measurement. 

8. Laboratory tools and equipment to analyze soil, centrifuged residue 

from Para rubber latex and swine manure. 

9. Chemical substances for properties analysis of soil, centrifuged residue 

from Para rubber latex and swine manure. 

10. Equipment for measurement of young Para rubber seedling growth. 

 

 

3.3 Research Implementation Design 

Research implementation design was divided into 3 parts.  

 

 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc.(Appro. Techn. for Resou. And Env. Dev.) / 35 

Part 1 Before Experiment 

 

 

 

 

 

 

 

 

 

 

 

 

 Part 2 During Experiment 

 

 

 

 

 

 

 

 

 

 

 

 

Part 3 After Experiment  

 

 

 

Figure 3-1 Research implementation design 

Soil, Centrifuged residue and Swine manure 

Analysis of leached water during the 

experiment. 

-  pH 

- Electrical conductivity 

- TKN 

- Phosphate 

- Potassium 

- pH 

- Organic matter 

- Total nitrogen 

- Available phosphorus 

- Available potassium 

- Electrical conductivity 

- Cation exchange 

capacity 

- %B.S 

Analysis and measurement of young Para rubber growth for every 

15 days until 90 days 

Measurement of young Para rubber 

seedling growth. 

- Number of leaves  

- trunk diameter  

- height of Para rubber seedling 

Soil analysis after the experiment. 
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Part 1 Before Experiment data collection and materials analysis were prepared as 

listed below: 

 

3.3.1 Centrifuged residue from Para rubber latex 

Centrifuged residue was collected from Sri Trang Agro-Industry (Plc.), 

Suratthani Branch) for chemical properties analysis with related parameters as 

following:  

 

Table 3-1 Parameters and Chemical Properties Analysis for Centrifuged residue   

Parameters Analysis Method 

1. pH pH  meter, Land 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-II, (LDD, 2001) 

5. Available Potassium   Flame  photometer, (LDD, 2001) 

6. Electrical conductivity Conductivity  meter, (LDD, 2001) 

7. Cation exchange capacity  Ammonium acetate, (LDD, 2001) 

8. %B.S ∑( Exch.cation / CEC ) x 100, (LDD, 2001) 

 

3.3.2 Swine Manure 

Collection of swine manure from farms without Sodium Hydroxide 

application for odor eradication and insect repelling was performed for chemical 

properties analysis. The parameters done were the same as centrifuged residue as 

shown in Table 3-1.   

 

3.3.3 Soil 

Soil sampling collection was prepared as representatives of all soil for the 

experiment in conformity with Land Development Department (26). The purposive 

sampling was applied to select the soil sample according to the criteria of Land 

Development Department (26). The soil samplings were collected from Wiang Sa 

district, Suratthani province as presented in Figure 3-2.  
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Figure 3-2 Soil Sampling Collection Point 

 

After that soil samples were analyzed for chemical properties according to 

parameters and analysis methods as same as centrifuged residue mentioned in Table 3-

1. The procedure was included bulk density with undisturbed soil sampling by core 

method at 0-30 cm and 30-50 cm. depth for 3 samples each. Bulk density referred to 

the proportion of dry soil mass (ms) and total volume (vb) (Keawruenrom, 2004).  The 

equation was as follows:   

 

    Pb  =  ms 

        vb 

Then soil was picked up at 0-30 cm. depth and all kept in nursery bags 

with approximately 9 km./ bag. 
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3.3.4 Para rubber seedling  

Purposive young Para rubber variety chosen by the researcher was RRIM 

600 with age 2 months and was planted in nursery bag size 9 x16 cm.  

 

3.3.5 The experiment consisted of 4 treatments as following 

 

Treatments Nutrients formula Conditions 

1 Chemical fertilizer formula 

20-8-20 

Quantity: 5 g/ bag 

2 Centrifuged residue and 

swine manure at proportion 

of 1:1 by weight 

Adjusting by N-P-K elements with 

chemical substance equivalent to 

Treatment 1,  5 g/1 bag 

3 Centrifuged residue and 

swine manure in proportion 

of 1:1 

Mixing between centrifuged residue 

and swine manure, 5g/ bag  

4 Without nutrients added 

(control treatment) 

- 

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

 

Part 2 During Experiment 

Chemical properties of water were analyzed for every 15 days to explore 

loosing of nutrients in watering. The measurement of Para rubber seedling growth was 

done every 15 days considering from number of leaves. The trunk diameter by using 

Vernier Caliper and height measuring by tape were done at height of 3 cm. above bud-

grafted mark to compare the Para rubber seedling growth per fertilizer utilization of 

each treatment throughout 90 days.  
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Table 3-2 Parameters and Analysis Method for water Chemical Properties.  

 

Parameters Analysis Method 

1. pH  pH  meter (Department of Environmental Quality 

Promotion (DEQP),2006) 

2. Electrical conductivity Conductivity  meter (DEQP, 2006) 

3. TKN   Nesslerization Method (DEQP, 2006) 

4. Phosphate Ascorbic Acid Method (DEQP, 2006) 

5. Potassium Flame  photometer (DEQP, 2006) 

 

 

Part 3 After Experiment 

After 90 days of the experiment, soil and water analysis was done with 

related to parameters as presented in Table 3-1 and Table 3-2 for post analysis results. 

 

 

3.4 Experiment Planning  

The experiment was planned in completely randomized design (CRD). 

Main plot of the experiment was RRIM 600 seedling age 2 months with the same size 

cultivated in nursery bag size 31 x 37 cm. Sub plots were treated without various 

fertilizer formula for 4 treatments and each treatment was added with designed 

fertilizer formula as shown in item 3.3.5 for 15 trees with 5g/ seedling/ tree (Rubber 

Research Institute of Thailand, 2007a). In this connection, the nursery was elevated 30 

cm. above ground to place seedling where slant with 50-60 % sunlight protection was 

put on top and covered with plastic sheets to protect rainfall. The experiment needed 

watering every 2 days in the morning with 275 mm. each the seedling and water 

container to get the loosing water from nursery bags was placed under plantation 

experiment throughout 90 days. Measurement of young Para rubber growth was done 

for every 15 days by considering from number of leaves, trunk diameter and height 

according to the different fertilizer formula added in each treatment. The measuring 

tape and venire were applied to measure at 3 cm. above grafted-bud mark and the 



Thanya Uttraporn                                                                                              Research Methodology / 40 

analysis of nutrients was performed to investigate the loosing of nutrients by watering 

every 15 days and also to calculate the actual nutrients utilized by seedling. After that 

analysis of chemical properties of soil was done after 90 days of cultivation as 

parameters shown in Table 3-1.  

 

Table 3-3 Flowchart of Experiments 

 

 

 

 

 

                                                           

 

  

 

 

 

 

 

                                      

 

 

   

 

 

3.5 Statistical Data Analysis 

Statistical data was applied with Analysis of Variance (ANOVA) to 

analyze statistical difference among the experimental groups under distinct treatments 

for comparative efficiency of each treatment. In case of difference, the procedure 

would be applied with Tukey’ HSD of such variable.  

 R1 R2 R3 
T1 36 45 60 
T2 7 32 43 
T3 58 30 47 
T4 39 53 23 
T1 22 44 28 
T2 26 10 24 
T3 31 20 40 
T4 16 38 52 
T1 21 18 59 
T2 33 3 34 
T3 25 14 51 
T4 41 35 15 
T1 8 48 5 
T2 4 13 29 
T3 11 17 9 
T4 50 55 46 
T1 6 42 37 
T2 27 2 57 
T3 19 1 12 
T4 56 54 49 

Length 12.5 meters 

*  Remark *     T1       = Treatment 1 

                               T2         =        Treatment 2     

 T3  = Treatment 3 

 T4 = Treatment 4 

 R1     = Row 1 

Width 2 meters R2 = Row 2 

 R3 = Row 3  

 1-60 =  Para rubber trees 
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CHAPTER  IV 

RESULTS 

 

 

4.1. Properties of soil, centrifuged residue of Para rubber latex and  

      swine manure before experiment  

The following investigations were done prior to experiment: soil properties 

of Krabi soil series at Wiang Sa district, Suratthani province; centrifuged residue of 

rubber latex from Sri Trang Agro- Industry Plc. (Suratthani Branch); and swine 

manure from farms in Suratthani province. The results were tabulated in Table 4.1 

which showed the analysis results of pH, organic matter, total Nitrogen, available 

Phosphorus, exchangeable Potassium, electrical conductivity, cation exchange 

capacity and percent age of base saturation (%B.S).   

It was found that the maximum average of pH of centrifuged residue of 

rubber latex was 7.71 followed by swine manure and soil as 7.61 and 4.62 

respectively. The electricity conductivity in swine manure showed maximum average 

as 6,846.00 µs/cm. followed by the maximum averages of centrifuged residue and soil 

as 1,224.00 µs/cm and 40.38 µs/cm, respectively.  The average of organic matter in 

swine manure was the highest as 35.32 %, followed the centrifuged residue and soil as 

12.56 % and 0.91 % respectively. The maximum average of total Nitrogen in 

centrifuged residue was at 9.73 %, following was the swine manure and soil as 3.30 % 

and 0.14 % respectively.  The average of available Phosphorus in centrifuged residue 

was the highest at 36.23 x 103 ppm, followed by swine manure and soil at 23.20 x 103 

ppm and 3.10 ppm. The maximum average of exchangeable Potassium in swine 

manure was equivalent to 15.51 x 103 ppm, followed by in centrifuged residue and soil 

at 0.21 x 103 ppm and 37.28 ppm respectively. For cation exchange capacity and %B.S 

in swine manure, they had the highest at 27.40 cmol/kg and 398.90 %; followed by 

centrifuged residue at 13.40 cmol/kg and 189.50 %. The lowest average was found in 

soil at 4.70 cmol/kg and 34.40 %, respectively.  
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4.2 Soil properties after experiment  

After 90 days of experiment, soil sample analysis was conducted for 

chemical properties with the following parameters: pH, organic matter, total Nitrogen, 

available phosphorus, exchangeable Potassium, electrical conductivity, cation 

exchange capacity and %B.S. The experiment composed of 4 Treatments: Treatment 1 

was the chemical fertilizer with 20-8-20; Treatment 2 was the mixture of 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; Treatment 3 was the mixture of 

centrifuged residue and swine manure any in the proportion of 1:1; Treatment 4 was 

the control set (original soil without elements added) as presented in Table 4.1.   

 

4.2.1 pH Value  

The utilization of soil nutrients radically depend on pH value. Para rubber 

capability to utilize soil nature usually grows high or moderate. It is capable of 

adjusting in soil condition with low or rather low fertility, with pH ranges 4.5-5.5 (15).  

From analyzed result of pH value prior to experiment, the pH value was about 4.62 

while the analysis after experiment was found that the highest average of soil in the 

control set at 5.04; followed by Treatment 2 which 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 with 5.01; and in Treatment 3 which was 

the mixture of centrifuged residue and swine manure in the proportion of 1:1 as 4.99. 

Treatment 1 which was the chemical fertilizer formula 20-8-20 showed the lowest pH 

value as 4.76, respectively.  

Regarding the statistical test results, the pH value in each Treatment 

showed none of significantly statistical difference with the control set at significance 

level of 0.05. But for Treatment 2, Treatment 3 and control set had more pH value 

than Treatment 1 at significantly statistical difference of 0.05 as detail shown in Table 

4.1 and Figure 4-1. 
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Figure 4-1 the values of pH (Treatment 1 was the chemical fertilizer at the 

concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 

swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
 

4.2.2 Electrical conductivity 

From the analysis of electrical conductivity, the result was found that 

Treatment 1, the chemical fertilizer formula 20-8-20, had the highest average of 

electrical conductivity at 137.32 µs/cm. followed by Treatment 2,  the mixture  of 

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 and Treatment 3, 

the mixture of centrifuged residue and swine manure in the proportion of 1:1 and the 

control experiment were 128.85 µs/cm, 125.79 µs/cm. and 94.12 µs/cm, respectively.  

The statistical test found that each Treatment was different to the control 

set with statistical difference at 0.05. Specifically, the highest electrical conductivity in 

Treatment 1 was more than the control set followed by Treatment 2 and Treatment 3, 

respectively as presented in Table 4.1 and Figure 4-2. 
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 Figure 4-2 The values of EC (Treatment 1 was the chemical fertilizer at the 

concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 

swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
 

4.2.3 Organic Matter 

According to organic matter analysis after experiment, the findings 

indicated that Treatment 2, the mixture 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 showed the maximum average of organic matter 

at 0.92%; followed by Treatment 1, the chemical fertilizer formula 20-8-20, and the 

control set, without any material added with the average value as  0.82% and 0.81%, 

respectively.  

Regarding the statistic test results, Treatment 2 and Treatment 3 contained 

more organic matter than control set with statistical difference at 0.05. Treatment 1 

found less organic matter than Treatment 2 and Treatment 3 but none of difference 

with the control set with significantly statistical difference at 0.05 as shown in Table 

4.1 and Figure 4-3. 
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Figure 4-3 The value of Organic Matter (Treatment 1 was the chemical fertilizer at the 

concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 

swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
 

4.2.4 Total Nitrogen 

The analysis results of total Nitrogen in soil, it was found that each 

Treatment contained similarly average total Nitrogen. Considering in details among 

treatments, Treatment 2 which was 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 which composed of the mixture of centrifuged 

residue and swine manure in the proportion of 1:1 and the control set, had the total 

Nitrogen equivalent to 0.13%, while Treatment 1, which was the chemical fertilizer 

formula 20-8-20, had the average total Nitrogen at 0.12%.   

With regard to statistical test result, each Treatment had no significantly 

statistical difference at 0.05 as shown in Table 4.1 and Figure 4-4. 
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Figure 4-4 The values of Total nitrogen (Treatment 1 was the chemical fertilizer at the 

concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 

swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
 

4.2.5 Available Phosphorus 

The analysis results of available Phosphorus in soil, Treatment 1, the 

chemical fertilizer formula 20-8-20, had the available phosphorus at the highest 

amount of 37.95 ppm; followed by 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 which composed of the 

mixture of centrifuged residue and swine manure in the proportion of 1:1, had the 

average available Phosphorus as 5.19  ppm and 3.51 ppm, respectively. For the lowest 

quantity, the available Phosphorus was rarely detected in control set.  

For the statistical test result, the available Phosphorus of all Treatments 

were found higher than the control set with significantly statistical difference at 0.05. 

The most significant difference was showed in Treatment 1 followed by Treatment 2 

and Treatment 3, respectively with the significantly statistical difference at 0.05. The 

most was found in Treatment 1 more than in Treatment 3 while Treatment 1 was 

higher than Treatment 2, respectively. But between Treatment 2 and Treatment 3, 
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none of statistical difference was found in significant level at 0.05 as tabulated in 

Table 4.1 and Figure 4-5. 

 

 

Figure 4-5 The values of available phosphorus (Treatment 1 was the chemical 

fertilizer at the concentration of 20-8-20. Treatment 2 was the mixture of centrifuged 

residue and swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
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4.2.6 Exchangeable Potassium 

From the analyzed result, the analysis of exchangeable Potassium in soil 

after experiment for Treatment 1, the chemical fertilizer formula 20-8-20, the 

exchangeable Phosphorus, was found with the highest amount of 35.13 ppm.; followed 

by Treatment 2,  the mixture of 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, and the control set, the exchangeable Phosphorus were equivalent to 24.83 ppm. 

and 14.99 ppm., respectively. The lowest average was found in Treatment 3, the 

mixture of centrifuged residue and swine manure in the proportion of 1: 1, at 14.87 

ppm.  

Regarding the statistical test result, the exchangeable Phosphorus in 

Treatment 1 and Treatment 2 were found higher than in the control set with 

significantly statistical difference at 0.05. Among Treatments 1, 2 and 3, the 

significant difference was found with significantly statistical level at 0.05 as well. 

Specifically, the most quantity was found in Treatment 1 followed by Treatment 2 and 

Treatment 3, respectively as detail shown in Table 4.1 and Figure 4-6. 

 

 

 

Figure 4-6 The values of exchangeable potassium (Treatment 1 was the chemical 

fertilizer at the concentration of 20-8-20. Treatment 2 was the mixture of centrifuged 

residue and swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
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4.2.7 Cation exchange capacity (CEC) 

The analyzed results of cation exchange capacity (CEC) were found that 

Treatment 2,  the mixture of centrifuged residue and swine manure in proportion of 

1:1 adjusted N-P-K chemical fertilizer for the concentration of 20-8-20, the cation 

exchange capacity (CEC) was the highest amount of 5.45 cmol/kg.; Treatment 3 which 

was the mixture only the centrifuged residue and swine manure in the proportion of 1: 

1, and Treatment 1 which was used only chemical fertilizer formula 20-8-20 and 

control set, the average values were equivalent to 5.43 cmol/kg. 5.33 mol/kg. and  5.02 

cmol/kg., respectively.  

The result of statistical test was found that each Treatment was 

significantly different to the control set at statistically significant difference at 0.05.  

Treatment 2 was found the highest CEC, greater than the control set; followed by 

Treatment 3 and Treatment 1 which had more CEC than the control set, respectively 

as shown in Table 4.1 and Figure 4-7. 

 

 

Figure 4-7 The values of CEC (Treatment 1 was the chemical fertilizer at the 

concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 

swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
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4.2.8 Percentage of base saturation (% B.S)   

For the analyzed results of %BS, the highest amount was 1,740.27 % and 

found in Treatment 2, the mixture of centrifuged residue and swine manure in 

proportion of 1:1 adjusted by N-P-K chemical fertilizer for the concentration of 20-8-

20. The average results were followed by Treatment 1 with the chemical fertilizer 

formula 20-8-20, the control set and Treatment 3, the mixture only the centrifuged 

residue and swine manure in the proportion of 1:1, as 1,719.28 %, 1,514.75 % and 

1,503.59 %, respectively.  

Based on statistical test result, %BS in Treatment 1 and Treatment 2 was 

found greater than in the control set with significantly statistical difference at 0.05.  

The highest amount of %BS was found in Treatment 2, greater than in the control set 

respectively. Among Treatment 1, 2 and 3, the significant difference was found with 

significantly statistical level at 0.05 as well. The most %BS was in Treatment 2 and 

greater than in Treatment 3; followed by Treatment 1 that greater than in Treatment 3 

respectively; while none of %BS difference was found in Treatment 1 and Treatment 2 

as shown in Table 4.1 and Figure 4-8. 

 

 

Figure 4-8 The value of %BS (Treatment 1 was the chemical fertilizer at the 

concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 

swine manure with adjustment of N-P-K value by chemical fertilizer at the 

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

swine manure in the proportion of 1:1. And Treatment 4 was the control set.) 
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1/ = similar English alphabet at the vertical axis showed indifferent value of statistically significant at 
0.05 levels by Tukey’s HSD method. However, different English alphabets in vertical axis showed the 
difference of statistically significant at 0.05 levels by Tukey’s HSD method. If there was more than 
one alphabet in the vertical axis, for example ab, it means that there was no difference of statistically 
significant at 0.05 levels from a and b by Tukey’s HSD method. Treatment 1 was the chemical 
fertilizer at the concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 
swine manure with adjustment of N-P-K value by chemical fertilizer at the concentration of 20-8-20. 
Treatment 3 was the mixture of the centrifuged residue and swine manure in the proportion of 1:1. 
And Treatment 4 was the control set.  

4.3 Nutrient leachate  

During experiment, water flowing from watering Para rubber seedling was 

typically stored every 15 days for lost nutrient analysis. The investigated parameters 

were in terms of:      

• pH 

• Electrical conductivity 

• Total Nitrogen 

• Available Phosphorus 

• Available Potassium 

 

4.3.1 pH 

 

Table 4-2 The Values of pH (Mean + SD, n = 15) 

Day Treatment1 Treatment2 Treatment3 Control 

0 6.50+0.01a1/ 6.52+0.01b 6.69+0.01d 6.62+0.02c 

15 6.45+0.01a1/ 6.44+0.01b 6.68+0.01d 6.62+0.02c 

30 6.39+0.01a1/ 6.40+0.01b 6.65+0.01d 6.62+0.01c 

45 6.36+0.01a1/ 6.36+0.01a 6.64+0.01c 6.62+0.01b 

60 6.34+0.01a1/ 6.35+0.01a 6.63+0.01c 6.61+0.01b 

75 6.22+0.01b1/ 6.20+0.01a 6.60+0.03c 6.61+0.01c 

90 6.02+0.03a1/ 6.00+0.01a 6.60+0.01b 6.60+0.02b 
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To consider the pH variance following the time frame, pH in each 

Treatment gradually descended in value.   For Treatment 1 adding the chemical 

fertilizer with 20-8-20 in days 0, 15, 30, 45, 60, 75 and 90, the average pH values were 

equivalent to 6.50, 6.45, 6.39, 6.36, 6.34, 6.22 and 6.02, respectively.    

For Treatment 2 which was the mixture of centrifuged residue and swine 

manure in proportion of 1:1 adjusted N-P-K value with chemical fertilizer for the 

concentration of 20-8-20 in days 0, 15, 30, 45, 60, 75 and 90, the average pH values 

were equivalent to 6.52, 6.44, 6.40, 6.36, 6.35, 6.20 and 6.00, respectively.  

For Treatment 3 which contained with mixture of the centrifuged residue 

and swine manure in the proportion of 1: 1 in days 0, 15, 30, 45, 60, 75 and 90, the 

average pH values were equivalent to 6.69, 6.68, 6.65, 6.64, 6.63, 6.60 and 6.60, 

respectively.  

Furthermore, in the control set, which none of elements of an experiment 

were added in days 0, 15, 30, 45, 60, 75 and 90, the average pH values were slightly 

changed, equivalent to 6.62, 6.62, 6.62, 6.62, 6.61, 6.61 and 6.60, respectively.  

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

control set with significantly statistical difference at 0.05.   
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1/ = similar English alphabet at the vertical axis showed indifferent value of statistically significant at 
0.05 levels by Tukey’s HSD method. However, different English alphabets in vertical axis showed the 
difference of statistically significant at 0.05 levels by Tukey’s HSD method. If there was more than 
one alphabet in the vertical axis, for example ab, it means that there was no difference of statistically 
significant at 0.05 levels from a and b by Tukey’s HSD method. Treatment 1 was the chemical 
fertilizer at the concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 
swine manure with adjustment of N-P-K value by chemical fertilizer at the concentration of 20-8-20. 
Treatment 3 was the mixture of the centrifuged residue and swine manure in the proportion of 1:1. 
And Treatment 4 was the control set.  

 

4.3.2 Electrical Conductivity 

 

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

Day Treatment1 Treatment2 Treatment3 Control 

0 1462.67+0.90d1/ 1444.20+2.43c 1406.33+2.87b 559.60+2.13a 

15 1447.47+0.90d1/ 767.07+1.67c 655.67+2.16b 552.60+2.87a 

30 1281.40+0.90d1/ 746.20+2.70c 645.00+1.56b 537.13+2.75a 

45 1200.80+0.90d1/ 705.13+2.61c 603.67+2.26b 525.47+2.85a 

60 1143.20+1.20d1/ 665.07+2.19c 555.67+1.80b 506.93+2.02a 

75 1029.00+0.80d1/ 614.67+2.50c 525.20+2.18b 495.00+3.21a 

90 971.00+1.60d1/ 572.47+2.75c 503.67+2.16b 487.87+2.17a 

 

 

 

 

 

 

 

Consideration of EC by time frame, each Treatment gradually descended 

in values. For Treatment 1 adding the chemical fertilizer formula 20-8-20 in days 0, 

15, 30, 45, 60, 75 and 90, the average electrical conductivity values were equivalent to  

1462.67 µs/cm, 1447.47 µs/cm, 1281.40 µs/cm, 1200.80 µs/cm, 1143.20 µs/cm, 

1029.00 µs/cm and 971.00 µs/cm, respectively.    

For Treatment 2 which was the mixture of centrifuged residue and swine 

manure in proportion of 1:1 adjusted N-P-K value with chemical fertilizer for the 

concentration of 20-8-20 in days 0, 15, 30, 45, 60, 75 and 90, the average electrical 

conductivity values were equivalent to 1444.20 µs/cm, 767.07 µs/cm, 746.20 µs/cm, 

705.13 µs/cm, 665.07 µs/cm, 614.67 µs/cm and 572.47 µs/cm, respectively.  

In Treatment 3 which contained the mixture of centrifuged residue and 

swine manure in the proportion of 1: 1 in days 0, 15, 30, 45, 60, 75 and 90, the average 

electrical conductivity values were equivalent to 1406.33 µs/cm, 655.67 µs/cm, 645.00 

µs/cm, 603.67 µs/cm, 555.67 µs/cm, 525.20 µs/cm and 503.67 µs/cm, respectively.  
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1/ = similar English alphabet at the vertical axis showed indifferent value of statistically significant at 
0.05 levels by Tukey’s HSD method. However, different English alphabets in vertical axis showed the 
difference of statistically significant at 0.05 levels by Tukey’s HSD method. If there was more than 
one alphabet in the vertical axis, for example ab, it meant that there was no difference of statistically 
significant at 0.05 levels from a and b by Tukey’s HSD method. Treatment 1 was the chemical 
fertilizer at the concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 
swine manure with adjustment of N-P-K value by chemical fertilizer at the concentration of 20-8-20. 
Treatment 3 was the mixture of the centrifuged residue and swine manure in the proportion of 1:1. 
And Treatment 4 was the control set.  

Furthermore, for the control set, which none of elements of an experiment 

were added in days 0, 15, 30, 45, 60, 75 and 90, the average electrical conductivity 

values were equivalent to 559.60 µs/cm, 552.60 µs/cm, 537.13 µs/cm, 525.47 µs/cm, 

506.93 µs/cm, 495.00 µs/cm and 487.87 µs/cm, respectively.  

To consider the statistical test, each Treatment differed from the control set 

with significantly statistical level at 0.05.   

 

4.3.3 Total Nitrogen  

 

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

Day Treatment1 Treatment2 Treatment3 Control 

0 3.62+0.27c1/ 1.57+0.32b 0.37+0.14a nil 

15 2.73+0.44c1/ 0.49+0.20b 0.07+0.13a nil 

30 1.58+0.28b1/ 0.06+0.12a nil nil 

45 0.39+0.14b1/ nil nil nil 

60 nil nil nil nil 

75 nil nil nil nil 

90 nil nil nil nil 

 

 

 

 

 

 

 

To consider the total Nitrogen by time frame, the findings was that none of 

total Nitrogen was found in the control set. But in Treatment 1 adding the chemical 

fertilizer formula 20-8-20, Treatment 2 with 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 and Treatment 3 containing only the mixture of 

centrifuged residue and swine manure in the proportion of 1: 1, the total Nitrogen 

gradually descend in value to nil. Specifically for Treatment 1, the average total 
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1/ = similar English alphabet at the vertical axis showed indifferent value of statistically significant at 
0.05 levels by Tukey’s HSD method. However, different English alphabets in vertical axis showed the 
difference of statistically significant at 0.05 levels by Tukey’s HSD method. If there was more than 
one alphabet in the vertical axis, for example ab, it meant that there was no difference of statistically 
significant at 0.05 levels from a and b by Tukey’s HSD method. Treatment 1 was the chemical 
fertilizer at the concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 
swine manure with adjustment of N-P-K value by chemical fertilizer at the concentration of 20-8-20. 
Treatment 3 was the mixture of the centrifuged residue and swine manure in the proportion of 1:1. 
And Treatment 4 was the control set.  

 

Nitrogen was found the average values of days 0, 15, 30 and 45 at 3.62%, 2.73%, 

1.58%, 2.73%, 1.58% and 0.39%. While Treatment 2, the average total Nitrogen was 

found only in days 0, 15 and 30 at the average values of 1.57%, 0.49% and 0.06 %. 

For Treatment 3, the total Nitrogen in day 0 was averagely equivalent to 0.37% and 

day 15 at 0.07%.  

To consider the statistical test result, each Treatment during day 0 to day 

45 was different to the dominance set with significantly 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 Treatment1 Treatment2 Treatment3 Control 

0 0.18+0.10b1/ 0.02+0.02a 0.02+0.01a 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 

 

 

 

 

 

 

 

 

Regarding available phosphorus quantity within the time frame, available 

phosphorus was not found in the control set. However, in Treatment 1, the chemical 

fertilizer at the concentration of 20-8-20; Treatment 2, mixture of centrifuged residue 

and swine manure with adjusted N-P-K value by chemical fertilizer at the 
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1/ = similar English alphabet at the vertical axis showed indifferent value of statistically significant at 
0.05 levels by Tukey’s HSD method. However, different English alphabets in vertical axis showed the 
difference of statistically significant at 0.05 levels by Tukey’s HSD method. If there was more than 
one alphabet in the vertical axis, for example ab, it means that there was no difference of statistically 
significant at 0.05 levels from a and b by Tukey’s HSD method. Treatment 1 was the chemical 
fertilizer at the concentration of 20-8-20. Treatment 2 was the mixture of centrifuged residue and 
swine manure with adjustment of N-P-K value by chemical fertilizer at the concentration of 20-8-20. 
Treatment 3 was the mixture of the centrifuged residue and swine manure in the proportion of 1:1. 
And Treatment 4 was the control set.  

 

concentration of 20-8-20; and Treatment 3, mixture of centrifuged residue and swine 

manure in the proportion of 1:1, available phosphorus was only found in Day 0 with 

the highest quantity of 0.18 ppm in Treatment 1. The following were Treatment 2 and 

Treatment 3 with an equivalent quantity of 0.02 ppm.  

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

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

 

4.3.5 Exchangeable Potassium  

 

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

Day Treatment1 Treatment2 Treatment3 Control 

0 7.00+0.38b1/ 6.83+0.20b 5.95+0.93a nil 

15 6.36+0.59c1/ 5.78+0.44b 3.45+0.67a nil 

30 5.68+0.64c1/ 4.62+1.01b 1.66+0.35a nil 

45 4.49+0.96c1/ 1.79+0.33b 0.81+0.11a nil 

60 3.37+0.85b1/ 0.16+0.02a nil nil 

75 1.98+0.62b1/ nil nil nil 

90 0.94+0.52b1/ nil nil nil 

 

 

 

 

 

 

 

Regarding the quantity of exchangeable potassium within the time frame, 

no exchangeable potassium was found in the control set. However, in Treatment 1, the 

chemical fertilizer at the concentration of 20-8-20; Treatment 2, the mixture of 

centrifuged residue blended with swine manure adjusted N-P-K value by chemical 

fertilizer at the concentration of 20-8-20; and Treatment 3, the mixture of centrifuged 

residue and swine manure in the proportion of 1:1, gradually descend in value to nil. 

From Day 0, 15, 30 and 45, it was found that the highest value of the exchangeable 
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potassium in Treatment 1 were 7.00 ppm, 6.36 ppm, 5.68 ppm and 4.49 ppm, 

respectively. Following was the Treatment 2 with an average quantity of 6.83 ppm, 

5.78 ppm, 4.62 ppm ��� 1.79 ppm, respectively and Treatment 3 with an average 

quantity of 5.95 ppm, 3.45 ppm, 1.66 ppm and 0.81 ppm, respectively. 

For the statistic test results, it was found that each Treatment differed from 

the control set at the statistically significant level of 0.05. 

After 60 days, the highest average value of exchangeable potassium was in 

Treatment 1 at 3.37 ppm; the following was the Treatment 2 with average value at 

0.16 ppm. However, no exchangeable potassium quantity was found in Treatment 3. 

Regarding the statistic test results, it was found that each Treatment 

differed from the control sets at the statistically significant level of 0.05 

During 75 and Day 90, the exchangeable potassium was found only in 

Treatment 1 at the values of 1.98 ppm and 0.94 ppm, respectively. Regarding the 

statistic test results, it was found that there was a statistically 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 seedling variety age 2 

months  planted in nursery bags, derived from the cross-hybrid of Tjir variety and PB 

86 variety from Malaysia, which is the most popular variety among farmers because it 

provides more rubber latex than other variety and has good growth rate during rubber  

latex tapping. The measurement of the Para rubber seedling growth was made at 3 cm. 

height from the bud-grafted mark for every 15 days throughout the 90 days experiment 

period considering the height (cm.), trunk diameter (mm.) and numbers of leaves. 
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4.4.1 Height (cm.) 

 

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

From Figure 4-9 and Table 4-8 showing young Para rubber seedling 

growth measurement results by the height, it was indicated that.  

After 15 days, the young rubber plant height of Treatment 2, with the 

centrifuged residue blended with swine manure and adjusted concentration at 20-8-20 

by chemical fertilize changed from 37.05 cm to 40.15 cm. (3.10 cm. taller than the 

original height). Following was the height of Treatment 1, the chemical fertilizer 

concentration of 20-8-20, with changing height from 34.57 cm. to 37.25 cm. (0.52 cm. 

taller than the original height). Lastly, Treatment 3, the mixture of centrifuged residue 

and swine manure in the proportion of 1:1 with changing height from 40.65 cm. to 

41.16 cm. (0.51 cm. taller than the original height). Regarding the statistic test results, 

it was found that the height in each Treatment had no statistically significant 

difference at 0.05 levels. 

After 30 days, the highest average height of young Para rubber seedling 

was found in Treatment 2 changing from 40.15 cm. to 43.23 cm. (with height 

difference of 3.08 cm.). Following was the average height in Treatment1 changing 

from 37.25 cm. to 39.15 cm. (1.90 cm. taller than original height). As for Treatment 3, 

the average height changed from 41.16 cm. to 42.74 cm. (with the height difference of 

1.58 cm.). Lastly, the average heights of the control set changed 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 Treatment had no statistically significant 

difference at 0.05 levels. 

At the day 45 of the experiment, the highest average height of young Para 

rubber seedling was found in Treatment 2 changing from 43.23 cm. to 46.71 cm. (3.48 

cm. taller than the original height). Following was the average height in Treatment 1 

changing from 39.15 cm. to 40.71 cm. (1.56 cm. taller than the original height). As for 

Treatment 3, the average height changed from 42.74 cm. to 43.47 cm. (with the 

difference of 0.73 cm.). Lastly, the average height in the control set changed from 

40.10 cm. to 40.44 cm. (0.34 cm. taller than the original height), respectively.  

Regarding the statistic test results, it was found that the height in each Treatment had 

no statistically significant difference at 0.05 levels. 
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After 60 days, the highest average height of young Para rubber seedling 

was found in Treatment 1 with height changing from 40.71 cm. to 44.89 cm. (4.18 cm. 

taller than the original height). Following was the average height in Treatment 2 

changing from 46.71 cm. to 48.47 cm. (1.76 cm. taller than the original height). The 

height in Treatment 3 changed from 43.47 cm. to 43.84 cm. (with 0.37 cm. in 

difference). Lastly, the average height of control set changed from the lowest, 40.44 

cm., to 40.67 cm. (0.23 cm. taller than the original height), respectively. Regarding the 

statistic test results, it was found that the height in each Treatment had no statistically 

significant difference at 0.05 levels. 

After 75 days, the highest average height of young Para rubber seedling 

was found in Treatment 2 changing from 48.47 cm. to 50.43 cm. (1.96 cm. taller than 

the original height). Following was the height in Treatment 1 change from 44.89 cm. 

to 45.89 cm. (1.00 cm. taller than the original height). Treatment 3, the average height 

changed from 43.84 cm. to 44.57 cm. (with 0.73 cm in difference). Lastly, the control 

set, height changed from the lowest, 40.67 cm. to 40.94 cm. (0.27 cm. taller than the 

original height), respectively. Regarding the statistic test results, it was found that the 

height in each Treatment had no statistically significant difference at 0.05 levels. 

After 90 days of determined experiment period, the highest average height 

of young Para rubber seedling was found in Treatment 1 changing from 45.89 cm. to 

46.86 cm. (with 0.97 cm. taller than the original height). Following was the average 

height in Treatment 2 changing from 50.43 cm. to 51.15 cm. (with 0.72 cm. taller than 

the original height). The height in Treatment 3 changed from 44.57 cm. to 44.81 cm. 

(with the difference of 0.24 cm.). Lastly, the height of the control set changed from 

40.94 cm. to 41.17 cm. (0.23 cm. taller than the original height), respectively. 

Regarding the statistic test results, it was found that the height in Treatment 2 was 

higher than the height in the control set at the statistically significant   levels of 0.05. 
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4.4.2 Trunk Diameter (mm.) 

 

Figure 4-10  Trunk Diameter of Para rubber seedling (cm.) 
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Comparison of Trunk Diameter among 4 Treatments 

Figure 4-10 and Table 4-8 showed the growth development measurement 

result of trunk diameter of young Para rubber seedling, it showed that after 15 days, 

the highest trunk diameter measurement value found in Treatment 2, the mixture of 

centrifuged residue and swine manure with N-P-K adjustment by chemical fertilizer at 

the concentration of 20-8-20, changed from 0.55 mm. to 0.63 mm. (with 0.08 mm. in 

difference). Following was the average height in Treatment 1, the chemical fertilizer at 

the concentration of 20-8-20, changing from .60 mm. to 0.67 mm. (with the difference 

of 0.04 mm.). Lastly, the height of Treatment 3, the mixture of centrifuged residue and 

swine manure in the proportion of 1:1, the average of lowest height changed from 0.63 

mm. to 0.65 mm. (0.02 mm. taller than the original height), respectively. Regarding 

the statistic test results, there was no statistically significant difference at 0.05 levels 

was found in any Treatment. 

After 30 days, the highest average trunk diameter found in Treatment 2 

changed from 0.63 mm. to 0.67 mm. (with expansion of 0.04 mm.). Following was 

Treatment 3 changing from 0.65 mm. to 0.67 mm. (with expansion of 0.02.). As for 

the control set, the trunk diameter changed from 0.62 mm. to 0.63 mm. (with 

expansion of 0.01 mm.). Lastly, there was no expansion of trunk diameter was found 

in Treatment 1, respectively. Regarding the statistic test results, there was no 

statistically significant difference at 0.05 levels was found in any Treatment. 

After 45 days, the highest average trunk diameter found in Treatment 1 

and Treatment 2 at the equivalent changed from 0.67 mm. to 0.70 mm. (with 

expansion of 0.03 mm.). Following was the trunk diameter in Treatment 3 and the 

control set at the equivalent change from 0.67 mm. and 0.63 mm. to 0.69 mm. and 

0.65 mm. (with expansion of 0.02 mm.), respectively. Regarding the statistic test 

results, there was no statistically significant difference at 0.05 levels was found in any 

Treatment. 

After the 60 days period, the highest average trunk diameter found in 

Treatment 3 changed from 0.69 mm. to 0.74 mm. (with expansion of 0.05 mm.). 

Following was the diameter in Treatment 2 changing from 0.70 mm. to 0.74 mm. 

(with expansion of 0.04 mm.). As for Treatment 1, the trunk diameter changed from 

0.70 mm. to 0.73 mm. (with 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 mm. (with expansion of 0.02 mm.) 

respectively. Regarding the statistic test results, there was no statistically significant 

difference at 0.05 levels was found in any Treatment. 

After 75 days period, the average trunk diameter of young rubber plant in 

Treatment 1, Treatment 2 and Treatment 3 expanded equally at 0.04 mm. Trunk 

diameter in Treatment 1 changed from 0.73 mm. to 0.77 mm., Treatment 2 from 0.74 

mm. to 0.78 mm. and Treatment 3 from 0.74 mm. to 0.78 mm. For the control set, the 

lowest trunk diameter changed from 0.67 mm. to 0.68 mm. with the expansion of 0.01 

mm., respectively. Regarding the statistically test results, the average trunk diameter 

found of Treatment 2 and Treatment 3 were larger than the control set with statistically 

significant levels at 0.05. However, the comparison of trunk diameter expansion 

between Treatment 2 and Treatment 3 to dominance set, Treatment 2 was higher than 

the Treatment 3. 

After 90 days experiment period, the highest average trunk diameter found 

in Treatment 2 changed from 0.78 mm. to 0.81 mm. with expansion of 0.03 mm. 

Following were Treatment 3 and the dominance set with the equivalent expansion of 

0.02 mm. changing from 0.78 mm. to 0.80 mm. and 0.68 mm. to 0.70 mm., 

respectively. In Treatment 1, the lowest average trunk diameter changed from 0.77 

mm. to 0.78 mm. with 0.01 mm. expansion. Regarding the statistically test results, the 

average trunk diameter of Treatment 2 and Treatment 3 were higher than the control 

set with statistically significant levels at 0.05. However, the comparison of trunk 

diameter expansion between Treatment 2 and Treatment 3 to the control set, 

Treatment 2 was higher than Treatment 3. 
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4.4.4   Average Number of leaves (Leaf) 

 

Figure 4-11  The average number of leaves of Para rubber seedling (cm.) 
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Comparisons of Number of leaves among 4 Treatments. 

Figure 4-11 and Table 4-9 showed the measurement of young Para rubber 

seedling growth development by leaf number count. It was found that.  

After 15 days, the number of leave of young rubber plant in Treatment 2, 

the mixture of centrifuged residue and swine manure with adjustment of N-P-K value 

by chemical fertilizer at the concentration of 20-8-20, were the highest average 

changing from 40.27 to 41.27, (with the increase of leaf as 1.00). Following was 

Treatment 3, the mixture of centrifuged residue and swine manure in the proportion of 

1:1, with the average leaf number count changing from 42.00 to be 40.47 (with the 

average leaf decrease of 1.53). For Treatment 1, the chemical fertilizer at the 

concentration of 20-8-20, the leaf number count changed from 44.07 to 41.80 (with the 

average leaf decrease of 2.27). Lastly, the lowest leaf number count for the control set 

changed from 43.33 to be 39.60 (with the average leaf decrease of 3.73), respectively. 

Regarding the statistic test results, there was no statistically significant difference at 

0.05 levels was found in any Treatment. 

After 30 days, the average number of leaves in Treatment 2 was the 

highest the average leaves increased from 41.27 to 47.20 with the average leaf 

increase of 5.93. Following were in Treatment 3, from 40.47 leafs to 45.40 (with the 

average increase of 4.93) and the control set from 39.60 to 40.27 (with average 

increase of 0.67). Lastly, Treatment 1, the average number of leaves decreased from 

41.80 to 41.73 (with the lowest average decrease of 0.07). Regarding the statistic test 

results, there was no statistically significant difference at 0.05 levels was found in any 

Treatment. 

After 45 days, the average leaf number count in Treatment 1 was the 

highest increase from 41.73 to 42.93 (with the average leaf increase of 1.20). 

Following were in Treatment 3 from 45.40 to 45.67 (with an average leaf increase of 

0.27). For Treatment 2 and the control set the average number of leaves decreased 

from 47.20 to 46.93 (with an average leaf decrease of 0.27) and from 40.27 to 39.07 

(with an average leaf decrease of 1.20), respectively. Regarding the statistic test 

results, there was no statistically significant difference at 0.05 levels was found in any 

Treatment. 
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After 60 days, the average leaf number count in Treatment 1 was the 

highest the average number of leaves increased from 42.93 to 46.47 (with an average 

leaf increase of 3.54). Following was in Treatment 2 increase from 46.93 to 48.87 

(with an average leaf increase of 1.94). For Treatment 3 and the control set the average 

number of leaves decreased from 45.67 to 44.60 (with an average leaf decrease of 

1.07) and from 39.07 to 36.67 (with the lowest average leaf decrease of 2.40), 

respectively. Regarding the statistically test results, it was found that the average leaf 

number count in Treatment 2 was higher than the count in the control set with the 

statistically significant levels at 0.05. 

After 75 days, the average leaf number count in Treatment 2 was the 

highest leaf increase from 48.87 to 52.60 (with an average leaf increase of 3.73). 

Following were in Treatment 1 increase from 46.47 to 48.67 (with an average leaf 

increase of 2.20), Treatment 3 from 44.60 to 46.40 (with an average increase of 1.80), 

respectively. For the control set, there was no change in leaf number count was found. 

Regarding the statistically test results, it was found that the average leaf number count 

in Treatment 2 was higher than the control set with the statistically significant levels at 

0.05. 

After completing 90 days experiment period, it was found that there was 

an average decrease of number of leaves in all Treatments. The lowest decrease of leaf 

number count was found in Treatment 3 decrease from 46.40 to 46.07 (with an 

average leaf decrease of 0.33). Following were in Treatment 1 from 48.67 to 47.80 

(with an average leaf decrease of 0.87), Treatment 2 from 52.60 to 51.40 (with an 

average leaf decrease of 1.20), and lastly, the control set from 36.67 to 32.07 (with the 

highest decrease leaf number of 4.60), respectively. 

Regarding the statistically test results, it was found that Treatment 1 and 

Treatment 2 had higher leaf number count than the control set with statistically 

significant levels at 0.05. However, the comparison of leaf number count among 

Treatment 1 and Treatment 2 to control set, Treatment 1 was higher than the 

Treatment 2. 
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CHAPTER V  

CONCLUSIONS AND 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 Latex        

       and Swine Manure before 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 slightly alkaline 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 slightly alkaline; 

available Phosphorous and exchangeable Potassium 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 alimentary canal e.g. intestinal lining, mucous membranes, 

nutrients, bacteria,  and by-product of bacteria (Mala,2003). Regarding the swine 

manure characteristics, it was slightly 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 in item 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 Para rubber 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 Yongyuth 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) is well 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 The result of available Phosphorus in 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 

dissolve in water.  

 

5.2.6 The result of exchangeable Potassium after experiment found that 

treatment 1, the chemical 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 all 

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 leaves 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 all 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:  

1 rai of area  = 1,600 m2 

   = 1,600 x 10,000 cm2 

Soil depth  = 30 cm. 

Soil density  = 1.111 g/ cm3  

Therefore soil for 1 rai weighed  

   = 1,600 x 10,000 cm2
 x 30 cm.  x 1.111 g/ cm3 

   = 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 0.46g., 

diammonium phosphate fertilizer at 1.37g. and potassium chloride fertilizer at 1.37g. 

The retrospective calculation could be substituted with the blended fertilizer in actual 

location as follows:  

 

Swine manure and centrifuged residue 

Soil 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 

 

Urea fertilizer 

Soil 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 0.46g) /9,000 g  

= 27,256.53 g or 27.26 kg. /rai 

 

Diammonium phosphate fertilizer 

Soil 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 1.37g) /9,000 g  

= 81,177.07 g or 81.18 kg. /rai 

 

Potassium chloride fertilizer 

Soil 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 Recommendations for 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 Para rubber 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 
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ANOVA

.746 3 .249 13.072 .000

1.066 56 .019

1.812 59

16087.683 3 5362.561 24.302 .000

12357.156 56 220.664

28444.840 59

.001 3 .000 .931 .432

.011 56 .000

.012 59

14028.672 3 4676.224 657.455 .000

398.307 56 7.113

14426.978 59

4192.730 3 1397.577 175.750 .000

445.316 56 7.952

4638.046 59

.160 3 .053 9.145 .000

.327 56 .006

.487 59

1.748 3 .583 20.922 .000

1.560 56 .028

3.308 59

734220.5 3 244740.173 23.761 .000

576807.6 56 10300.136

1311028 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

pH

EC

TKN

P

K

OM

CEC

BS

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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ANOVA

.347 3 .116 910.797 .000

.007 56 .000

.354 59

.715 3 .238 1475.943 .000

.009 56 .000

.724 59

.896 3 .299 3555.200 .000

.005 56 .000

.901 59

1.070 3 .357 3752.819 .000

.005 56 .000

1.075 59

1.139 3 .380 5315.792 .000

.004 56 .000

1.143 59

2.316 3 .772 2824.374 .000

.015 56 .000

2.331 59

5.211 3 1.737 5360.070 .000

.018 56 .000

5.229 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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�� EC ���� 
 

ANOVA

8699821 3 2899940.311 595586.8 .000

272.667 56 4.869

8700094 59

7348899 3 2449633.000 592312.0 .000

231.600 56 4.136

7349131 59

4916109 3 1638703.000 361668.6 .000

253.733 56 4.531

4916363 59

4151324 3 1383774.511 266110.5 .000

291.200 56 5.200

4151615 59

3817469 3 1272489.528 375840.8 .000

189.600 56 3.386

3817658 59

2752046 3 917348.733 168027.2 .000

305.733 56 5.460

2752352 59

2335452 3 778484.150 158643.1 .000

274.800 56 4.907

2335727 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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�� TKN ���� 

ANOVA

119.785 3 39.928 841.746 .000

2.656 56 .047

122.441 59

74.553 3 24.851 396.222 .000

3.512 56 .063

78.065 59

27.316 3 9.105 393.827 .000

1.295 56 .023

28.611 59

1.729 3 .576 114.333 .000

.282 56 .005

2.011 59

.000 3 .000 . .

.000 56 .000

.000 59

.000 3 .000 . .

.000 56 .000

.000 59

.000 3 .000 . .

.000 56 .000

.000 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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Multiple Comparisons

Tukey HSD

2.05400* .07953 .000 1.8434 2.2646

3.25000* .07953 .000 3.0394 3.4606

3.62333* .07953 .000 3.4128 3.8339

-2.05400* .07953 .000 -2.2646 -1.8434

1.19600* .07953 .000 .9854 1.4066

1.56933* .07953 .000 1.3588 1.7799

-3.25000* .07953 .000 -3.4606 -3.0394

-1.19600* .07953 .000 -1.4066 -.9854

.37333* .07953 .000 .1628 .5839

-3.62333* .07953 .000 -3.8339 -3.4128

-1.56933* .07953 .000 -1.7799 -1.3588

-.37333* .07953 .000 -.5839 -.1628

2.24000* .09145 .000 1.9979 2.4821

2.65067* .09145 .000 2.4085 2.8928

2.72533* .09145 .000 2.4832 2.9675

-2.24000* .09145 .000 -2.4821 -1.9979

.41067* .09145 .000 .1685 .6528

.48533* .09145 .000 .2432 .7275

-2.65067* .09145 .000 -2.8928 -2.4085

-.41067* .09145 .000 -.6528 -.1685

.07467 .09145 .846 -.1675 .3168

-2.72533* .09145 .000 -2.9675 -2.4832

-.48533* .09145 .000 -.7275 -.2432

-.07467 .09145 .846 -.3168 .1675

1.52000* .05552 .000 1.3730 1.6670

1.57600* .05552 .000 1.4290 1.7230

1.57600* .05552 .000 1.4290 1.7230

-1.52000* .05552 .000 -1.6670 -1.3730

.05600 .05552 .745 -.0910 .2030

.05600 .05552 .745 -.0910 .2030

-1.57600* .05552 .000 -1.7230 -1.4290

-.05600 .05552 .745 -.2030 .0910

.00000 .05552 1.000 -.1470 .1470

-1.57600* .05552 .000 -1.7230 -1.4290

-.05600 .05552 .745 -.2030 .0910

.00000 .05552 1.000 -.1470 .1470

.39200* .02592 .000 .3234 .4606

.39200* .02592 .000 .3234 .4606

.39200* .02592 .000 .3234 .4606

-.39200* .02592 .000 -.4606 -.3234

.00000 .02592 1.000 -.0686 .0686

.00000 .02592 1.000 -.0686 .0686

-.39200* .02592 .000 -.4606 -.3234

.00000 .02592 1.000 -.0686 .0686

.00000 .02592 1.000 -.0686 .0686

-.39200* .02592 .000 -.4606 -.3234

.00000 .02592 1.000 -.0686 .0686

.00000 .02592 1.000 -.0686 .0686

(J) Treatment
Treatment 2

Treatment 3

Control

Treatment 1

Treatment 3

Control

Treatment 1

Treatment 2

Control

Treatment 1

Treatment 2

Treatment 3

Treatment 2

Treatment 3

Control

Treatment 1

Treatment 3

Control

Treatment 1

Treatment 2

Control

Treatment 1

Treatment 2

Treatment 3

Treatment 2

Treatment 3

Control

Treatment 1

Treatment 3

Control

Treatment 1

Treatment 2

Control

Treatment 1

Treatment 2

Treatment 3

Treatment 2

Treatment 3

Control

Treatment 1

Treatment 3

Control

Treatment 1

Treatment 2

Control

Treatment 1

Treatment 2

Treatment 3

(I) Treatment
Treatment 1

Treatment 2

Treatment 3

Control

Treatment 1

Treatment 2

Treatment 3

Control

Treatment 1

Treatment 2

Treatment 3

Control

Treatment 1

Treatment 2

Treatment 3

Control

Dependent Variable
Day_0

Day_15

Day_30

Day_45

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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�� P ���� 
 

ANOVA

.303 3 .101 39.950 .000

.141 56 .003

.444 59

.000 3 .000 . .

.000 56 .000

.000 59

.000 3 .000 . .

.000 56 .000

.000 59

.000 3 .000 . .

.000 56 .000

.000 59

.000 3 .000 . .

.000 56 .000

.000 59

.000 3 .000 . .

.000 56 .000

.000 59

.000 3 .000 . .

.000 56 .000

.000 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
 

Multiple Comparisons

Tukey HSD

.15467* .01835 .000 .1061 .2032

.15600* .01835 .000 .1074 .2046

.17733* .01835 .000 .1288 .2259

-.15467* .01835 .000 -.2032 -.1061

.00133 .01835 1.000 -.0472 .0499

.02267 .01835 .607 -.0259 .0712

-.15600* .01835 .000 -.2046 -.1074

-.00133 .01835 1.000 -.0499 .0472

.02133 .01835 .653 -.0272 .0699

-.17733* .01835 .000 -.2259 -.1288

-.02267 .01835 .607 -.0712 .0259

-.02133 .01835 .653 -.0699 .0272

(J) Treatment
Treatment 2

Treatment 3

Control

Treatment 1

Treatment 3

Control

Treatment 1

Treatment 2

Control

Treatment 1

Treatment 2

Treatment 3

(I) Treatment
Treatment 1

Treatment 2

Treatment 3

Control

Dependent Variable
Day_0

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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�� K ���� 
 

ANOVA

498.705 3 166.235 636.825 .000

14.618 56 .261

513.323 59

374.909 3 124.970 505.476 .000

13.845 56 .247

388.754 59

309.167 3 103.056 265.726 .000

21.718 56 .388

330.885 59

172.096 3 57.365 220.582 .000

14.564 56 .260

186.660 59

124.236 3 41.412 228.270 .000

10.159 56 .181

134.395 59

44.015 3 14.672 153.705 .000

5.345 56 .095

49.361 59

9.898 3 3.299 49.554 .000

3.729 56 .067

13.627 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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��ก����	
����
������
���#��$��%�� 
 
 

ANOVA

307.944 3 102.648 2.100 .111

2737.217 56 48.879

3045.162 59

123.309 3 41.103 .775 .513

2970.000 56 53.036

3093.309 59

140.137 3 46.712 .892 .451

2931.620 56 52.350

3071.757 59

385.297 3 128.432 2.201 .098

3267.780 56 58.353

3653.077 59

464.462 3 154.821 1.919 .137

4518.448 56 80.687

4982.910 59

692.167 3 230.722 2.543 .065

5079.840 56 90.711

5772.007 59

780.986 3 260.329 2.873 .044

5073.904 56 90.605

5854.890 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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��ก����	
����
����������	#�����&��%
ก������$��%�� 
 

ANOVA

.046 3 .015 1.849 .149

.461 56 .008

.507 59

.025 3 .008 1.151 .337

.408 56 .007

.433 59

.015 3 .005 .668 .575

.430 56 .008

.445 59

.028 3 .009 1.094 .359

.477 56 .009

.504 59

.063 3 .021 2.105 .110

.555 56 .010

.618 59

.102 3 .034 3.854 .014

.492 56 .009

.594 59

.104 3 .035 3.481 .022

.558 56 .010

.662 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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��ก����	
����
������'�����()���$��%�� 
 

ANOVA

125.383 3 41.794 .876 .459

2673.200 56 47.736

2798.583 59

41.517 3 13.839 .196 .899

3954.667 56 70.619

3996.183 59

461.783 3 153.928 1.464 .234

5887.867 56 105.140

6349.650 59

545.517 3 181.839 1.606 .198

6340.133 56 113.217

6885.650 59

1257.250 3 419.083 2.946 .041

7966.400 56 142.257

9223.650 59

2242.267 3 747.422 4.335 .008

9655.467 56 172.419

11897.733 59

2497.600 3 832.533 5.022 .004

9283.333 56 165.774

11780.933 59

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Day_0

Day_15

Day_30

Day_45

Day_60

Day_75

Day_90

Sum of
Squares df Mean Square F Sig.

 
 

Post Hoc Tests 
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THE EFFECTS OF THE BLENDED FERTILIZER OF THE CENTRI FUGED 

RESIDUE OF RUBBER LATEX AND SWINE MANURE FOR THE GR OWTH 

ENHANCEMENT OF RUBBER PLANTS 
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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 

 

)���� 
���4���
"9�4,�
�� 8ก��.�/	+����'-�"��
.��.�-�ก.������
"9�%*�	��--ก���!
��.�/	��'-�#�ก:�/�

&�-����ก��	��--ก
4�/&'�����ก 1.84 ������� !�"= 4.�.2540 
"9� 2.71 ������� !�"= 4.�.2551 #������'-�

���4���&�(��#��&	*�'���.�ก"= ���.+�!
�
ก ��ก�
��&�	�!�"�*ก���4���&�ก'��� 	��%�!
�!�"��
.�
�.� &�4,��.�/"�*ก���4���ก�����
ก,-0.�/�"��
.���& 16.89 ������� !�"= 4.�. 2551 :�/�&�4,��.�/
4�/&'���&�

��ก
��& 14.34 ������� !�"= 2549 #��4,��.�/.�/"�*ก	���!
��-�*�!�C��!�� �,- 11.34 ������� #��
D4��

���
���	��� E��1���&�ก��"�*ก&�ก.�/	���,- 1.87 ������� �-���&��,- C�������--ก
D���

�,- 2.84 ����

��� C�������--ก��&C��ก��� 2.10 ������� (��C��

�,- 0.60 �������(	F�0���������� ก�&����ก��


ก ��, 2553) ����

����� .+�!
�&�"��&�5ก���+�
'��"�$�
�&���ก 3.73 �������!�"= 4.�.2547 
4�/&'���
"9� 

3.87 �������!�"= 4.�.2552 (HI��"�$�
�&� 	+���ก��0��&4,�(����	��ก��
ก ��, 2552) .+�!
�	��%�ก��.0
��-���.��ก��%���(��������'-�
ก ��ก�#����� ��ก"J�
����ก�������

K����
�ก&�ก���+���	��

�,-.���
&�!��(.�"�$�
�&� ��	�&��F������"J�
�

����������� 

 

�,+ก�5
/����3.ก�� 
1. &8ก9���ก95����ก�%4�:/��	
�.���ก�ก�.�/+0�  

�+�
���ก��#��
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.�/��� (ก-���
����
����, 2544) ���(ก� ������&
"9�ก��-���� ���ก���+��LL)� "��&�5-��.������F� 

��#��
��.���
&� L-	L-��	.�/
"9�"��#���� #4(.	
:��&.�/(�ก
"��/����� ������&��(�ก
"��/��(��
�---� (��-������-������&-�/&�������"����0�ก����  

 
2. &8ก9���ก95����ก�%4�:/��	
�.������#,ก� 

�+�
���ก��
กK0��0��&&*�	�ก�&���กL���&	�ก�.�/�&�&�ก��!��#:���L
4,/-ก+����ก��/�(�����
(&�� ��ก���� �+����-����&���
����
� #��!����1�
����ก��ก�0ก����ก ���ก 5�.��ก��C�4(��
�&�'-�ก�ก
'��(")� 

 
3. &8ก9�ก��(*�+��2%*�
'�ก+,-%�#�ก�ก�.�/+0�/�����#,ก� 

ก��������������������ก �ก��!��"��#������ก"�$�%	&ก�ก'��(")�(��&*�	�ก� :�/����%	&"�$�
'���&� 4 	*�� �,-	*��.�/ 1 "�$�
�&�	*�� 20-8-20 	*��.�/ 2 ก�ก'��(")�%	&&*�	�ก� -����	��� 1:1 #����+�
��ก 

(��"��0��� N-P-K ����"�$�
�&���
.��0
.��1���-�
��	*�� 20-8-20 	*��.�/ 3 ก�ก'��(")�%	&&*�	�ก�

-����	��� 1:1 #����+�
��ก (��	*��.�/ 4 �+���0��0��& (���
��&�&�
��&	�/�.��-�) ���(%�ก��.��-�(00

	��&��-� (Completely Randomized Design, CRD) �+���� 15 :�+� .�	-0ก�0���ก�������+�F��

	+�
�K��*"4��1�� RRIM 600 -��� 2 
�,-� 
��&"�$�%	& 5 ก��&/F�� (������F, 2550; ก�&����ก��
ก ��, 

2547) &�ก�������&���%�ก��
����
��0#�'-����ก������.�ก 15 ��� 
"9�
��� 90 ��� ���(ก� ���&	*���� 

'���
	���-0���+���� (���+����!0 .�/����0 3 :&.��ก���(�ก�����4��� ��ก���� ��ก ���ก 5�.��
�&�

'-����C��
���ก��.��-���&��1�'-�ก-���
����
���� ก�&4�6��.�/��� (ก-���
����
����, 2544) ���(ก� 

������&
"9�ก��-���� ���ก���+��LL)� "��&�5-��.������F� ��#��
��.���
&� L-	L-��	.�/
"9�"��#���� 

#4(.	
:��&.�/(�ก
"��/����� ������&��(�ก
"��/��(���---� (��-������-������&-�/&�������"����0�ก
���� '�-&*�.�/���.+�ก����
����
�������1�ก����
����
����&("�"��� (analysis of variance: ANOVA) 
4,/-

��
����
����&(�ก����.��	F���!���
����ก���&.��-�.�/�����0"�$�	*��%	&.�/(�ก����ก��
4,/-
"���0
.��0
"��	�.1�C�4'-�"�$�%	&(�������� F��(�ก����ก����.+�ก��
"���0
.��0���&(�ก����#����1� Tukey@s 

HSD '-����("����� 

 

��ก�������/����'��5
 
1. ��ก95����ก�%4�:/��	
�.���ก�ก�.�/+0�  

��กก����ก ���ก 5�.��ก��C�4'-�ก�ก'��(")� 40��� &�ก��/�

&K� &�	�'��
�,-	�

�,-�
-�-� ���
"9�'-�
	��.�/&���ก 5�('K� C��!�"��ก-0����	�/�
�,-"�����M 
��� H�I� 
"�,-ก�&� 
� !0�&� 
	���	&0���.��
�&�'-�ก�ก'��(")� 40��� &�"��&�51���-�
��.�/	+���� ���(ก� "��&�5��#��
��.���
&� 
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(9.73 % #����+�
��ก(
��) -�*�!�����0	*�&�ก L-	L-��	.�/
"9�"��#���� (3.62 % #����+�
��ก(
��) -�*�

!�����0	*�&�ก #4(.	
:��&.�/(�ก
"��/����� (0.02 %) -�*�!�����0	*�&�ก ������&
"9�ก��-���� (7.71) 

-�*�!�	C�4
"9�����
�Kก��-� ���ก���+��LL)� (1.224 dS/m) -�*�!�����0.�/�&�
"9�-��������-4,� "��&�5

-��.������F� (12.56 % #����+�
��ก(
��) -�*�!�����0	*�&�ก ������&��(�ก
"��/��(���---� (13.40 

cmol/kg) -�*�!�����0"��ก��� (��-������-������&-�/&�������"����0�ก���� (189.50 % #����+�
��ก

(
��) -�*�!�����0	*�&�ก 
 

2. ��ก95����ก�%4�:/��	
�.������#,ก� 

��กก����ก ���ก 5�.��ก��C�4'-�&*�	�ก� 40��� &���ก 5�
"9�ก�-����� &�ก��/�

&K� 
"��ก-0����ก�ก-�
��.�/��-��&���� 
��� 	���.�/
"9�'-�('K� 
�,/-!� 
�,-	���.�/��-����(���*�:�&�&���� (��
	�/�.�/"��-�--ก&���ก����ก��	����#��
D4����ก.��
���-�
�� 
��� 
�,/-0�%����+��	� 
�,/-
&,-ก (��1��� 
(0�.�
��� (��%�%���'-�(0�.�
��� (1����, 2546) 	���	&0���.��
�&� 40��� &�"��&�51���-�
��.�/	+���� 

���(ก� "��&�5��#��
��.���
&� (3.30 % #����+�
��ก(
��) -�*�!�����0	*�&�ก L-	L-��	.�/
"9�
"��#���� (2.32 % #����+�
��ก(
��) -�*�!�����0	*�&�ก #4(.	
:��&.�/(�ก
"��/����� (1.55 % #��

��+�
��ก(
��) -�*�!�����0	*�&�ก ������&
"9�ก��-���� (7.61) &�	C�4
"9�����
�Kก��-� ���ก���+��LL)� 

(6.85 dS/m) -�*�!�����0
�K&"��ก��� "��&�5-��.������F� (35.32 % #����+�
��ก(
��) -�*�!�����0	*�

&�ก ������&��(�ก
"��/��(���---� (27.40 cmol/kg) -�*�!�����0	*� (��-������-������&-�/&�������

"����0�ก���� (398.90 %) -�*�!�����0	*�  
 

3. �����+,-%�#�ก�ก�.�/+0�/�����#,ก� $��ก��	'��1	$�)2$���ก���%��:��� 

 

3.1 
���#��$�� 

ก��!��"�$�%	&ก�ก'��(")� (��&*�	�ก�	*������M &�%�!
����&	*����ก������4���.�/-��� 75 (�� 90 

��� (�ก����ก��.��	F��� .�/����0���&
�,/-&�/� 0.05 (Table 1) ก�����,- ก��!��"�$�%	& 	*��.�/ 2 &�%�!
�

���&	*����'-�ก������4���&�ก.�/	�� �&�(�ก����ก�0ก��!��"�$�%	&	*��.�/ 1 (��	*��.�/ 3 ��&�+���0 

'5�.�/�+���0��0��& &�%�!
����&	*����'-�ก������4�����-�.�/	�� 
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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 

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 

Table 1 Average height of rubber tree (cm.) 

 

 

 

 

 
 

 

3.2 ����	#����)�����$�� 

 ก��!��"�$�%	&ก�ก'��(")�(��&*�	�ก�	*������M &�%�!
�'���
	���-0���+����'-�ก������4���.�/
-��� 75 (�� 90 ��� (�ก����ก��.��	F��� .�/����0���&
�,/-&�/� 0.05 (Table 2) ก�����,- ก��!��"�$�%	&	*��

.�/ 2 &�%�!
�'���
	���-0���+����'-�ก������4���&�ก.�/	�� �&�(�ก����ก�0ก��!��"�$�%	&	*��.�/ 3 (�� 

	*��.�/ 1 ��&�+���0 '5�.�/�+���0��0��& &�%�!
�'���
	���-0���+����'-�ก������4�����-�.�/	�� 

 

Table 2 Average trunk diameter (mm.) 

 

 

 

 

 

 

 

Formula Day 0 Day15 Day30 Day45 Day60 Day75 Day90 
1 34.57+6.15a 1/ 37.25+6.56a 1/ 39.15+6.40a 1/ 40.71+6.67a 1/ 44.89+10.31a 1/ 45.89+10.46ab 1/ 46.86+10.26ab 1/ 

2 37.05+4.40a 40.15+5.54a 43.23+4.95a 46.71+6.74a 48.47+8.35a 50.43+10.43b 51.15+10.49b 

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 38.97+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 * * 

Formula Day 0 Day15 Day30 Day45 Day60 Day75 Day90 

1 0.60+0.11a1/ 0.67+0.09a1/ 0.67+0.10a1/ 0.70+0.11a1/ 0.73+0.11a1/ 0.77+0.10ab1/ 0.78+0.10ab1/ 

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 * * 
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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 

3.3 ������	
 

ก����	
��
���ก�ก����
����������ก���������� ������	��� ! �"�#�ก�	�
��$��� %�&#�
� 60, 75 
��� 90 !-  ��ก����ก- %���./�/ %�&��0-"1!��2�3&#�-&  0.05 (Table 3) ก���!13# ก����	
��
�������%�& 2 ����
��	��� ! �"�#�ก�	�
��$�����ก%�&��0 <����ก����ก-"ก����	
��
�������%�& 1 ��� ����%�& 3 ������0-" 
�>�%�&����-"1!"1�� ������	��� ! �"�#�ก�	�
��$��� 	#
%�&��0 

 
Table 3 Average leaf number 

 

 

 

 

 

 

 

������ก������� 

 ��กก��GHกI����#�
��
���ก�ก����
����������ก���������� ��#ก��2��/J2�/"K��#�ก�	�

��$��� �����.���
��ก��%0�#�<0	0-� �� 
 ก����	
��
�������%�& 2 ������	1!������	  � �02�	 �#"!�����	  ������ ! �"�#�ก�	�

��$�����ก%�&��0 <����ก����ก-"ก����	
��
�������%�& 3 ��3# ����%�& 1 �>�%�&����-"1!"1�� ������	ก��
2��/J2�/"K��#�ก�	�
��$��� 	#
%�&��0 
 

��ก���������� 

ก#�!/21����L0/ . 2544. ������� ��!"#������� $�. 2#ก���%��!/��ก��ก#�!/21����L0/  N"-"%�&1/2544      
ก��$-P �%�&0/  ก��%�!�2กI�������ก�>L, ก���2%$Q. 129 � 	�. 

ก��!/��ก��2กI��. 2547. ก�����%%��&��'��(�� �)*�+$�%�,��. ก��!/��ก��2กI�� ก��%�!�2กI��             
��� ��ก�>L. 

Formul

a 
Day 0 Day15 Day30 Day45 Day60 Day75 Day90 

1 44.07+5.46a
1/
 41.80+7.41a

1/
 41.73+8.66a

1/
 42.93+8.82a

1/
 46.47+13.42ab

1/
 48.67+14.38ab

1/
 47.80+14.37b

1/
 

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 45.40+12.12a 45.67+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+8.79a 39.07+8.59a 36.67+9.00a 36.67+7.95a 32.07+7.65a 

F-test ns ns ns ns * * * 
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R��-
 ����. 2546. ��-&������&#.�!��-&'��*�+ : �� �� ก�����%.�!ก��	'���!0&'�#. ��� -ก$/�$L 
���!/%
��-
2กI��G����L, ก���2%$Q. 450 � 	�. 

 �� ��. ก-�$/�0��. ก��	'���-&&��+����&1��$���!�����*�+. 2#ก���
��ก#"ก��STก#"��$ -ก�� ����  
��� -ก�� ก#�%� ��21����L�! 
�� 27 - 29 �/���1� 2550 > ���/<%�L 
��L1 �# 0L�
�             
���#�L% �.ก��"�&. �.�"- !/�-

�� ก��!/��ก��2กI��, ก���2%$Q. 

SV�

��
21�� ��� -ก1!"1��$3����!-�0�ก��2กI�� ก��!/��ก��2กI�� ��� -ก�� 2G�IWก/�ก��2กI�� 
ก��%�!�2กI�������ก�>L. http://www.oae.go.th/ewt_news.php?nid=151##M. 2�	�.H��	#���
!- %�& 5 ����1� 2553 

$-��� R���/ 0���� ���1>�. 2550. ก����!�$�� ��$���$�$
D�)#E�����0�&����ก����� ��!"#���.              
X�1!/��$3�G����L���%�-$
�ก�ก��2กI�� 1>�2กI��G����L ���!/%
��-
�# �ก� . 37 � 	�. 

�.�"- !/�-

�� ก��!/��ก��2กI��. 2553. E��$D���'�ก��&��+���. �.�"- !/�-

�� ก��!/��ก��2กI��
ก��%�!�2กI�������ก�>L, ก���2%$Q. 128 � 	�. 
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APPENDIX C 

EXPERIMENT FIGURE 

 

 

 
 

4�:�.? 1 
���������0��
�5.�/
กK0���-���� 
 
 
 

 
 

4�:�.? 2 	C�4("��.��-� 
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4�:�.? 3 ������&	*�������4��� 
 
 
 
 

 
 

4�:�.? 4 ���'���
	��%���*���ก������ก������ 
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