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Abstract

In order to create knowledge and develop alternative technology for planting
material and slow-release fertilizer with low cost materials, the objective of this research
is to develop novel clay pellets from local materials (China clay, diatomite, and sawdust)
as a planting material and using as a medium for a slow-release fertilizer. The research
was done by dividing into four phases. Phase 1 and Phase 2 studies included
preparations and analyzes of raw materials, clay pellet productions, studies of clay pellet
mixture formula (15 mixture formula, triangle formula), shapes (cube and sphere), sizes,
and cost, as well as evaluations (physical, chemical, and structural properties) of the
developed clay pellet to determine an optimal condition for using as planting material
and slow-release fertilizer. Phase 3 trial was conducted to examine chemical properties
and contents under leaching of impreenated urea (conc. 10%) into clay pellet and to
investigate release patterns of N at different test conditions (temperatures; 75+5°C and
ambient, leaching solutions; distill (DI} water and synthesis soil solution, fertilizers;
Osmocot and urea) of leaching laboratory. Phase 4 was also carried out to determine the
effect of impregnated urea (conc. 10%) into clay pellet on N dynamics by soil (Sansai
loamy sand, Group no. 22) incubation test. Means and standard deviations were
reported. Samples were also tested for statistical sienificance by the analyses of variance
(ANOVA) and least significant differences (LSD) at alpha = 0.05.

Results revealed the most two suitable mixture formula for the production of clay
pellet in this study were China clay: diatomite: sawdust of 25:60:15 (formula 3) and
40:45:15 (formula 6). By using machine, the suitable shape for industrial production of
the clay pellet is the cube shape with an estimation cost of the clay pellet production in
cube shape was 0.4-0.5 baht/kg. The size of the cube shape clay pellets producing from
formula 3 and 6 were 0.5x0.5x0.5 cm and 1.0x1.0x1.0 cm, respectively. It has suitable
properties for using as a planting material according to assigned criteria with the following
criteria, neutral pH (7.1£0.19 - 7.7+0.13), low to moderate Cation-Exchange Capacity (CEC)
(13.1740.09 - 17.27+0.01 cmol(e)/ke), low specific density (1.540.71-1.6+0.35 g/cm3), light
weight, good water absorption capability (63+2.56%-73+1.23%), low water solubility
(0.05+0.06%), high compressive strength (11,296.00+21.10-13,275.00+65.98 kg/cmB). The
major compositions included 72.379-73.716% of Silica (SiO,), 12.708-13.529% of Alumina
(ALO3) and 7.23-9.561% of Ferric Oxide (Fe, Os;). The results of heavy metal analysis
indicated that the clay pellets produced under formula 3 and 6 can be safely applied as
planting material and it is not toxic to the plants. The clay pellets produced from both
formula and sizes which had been prepared with 10% urea solution contained total
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nitrogen (TN) for approximately 2.57-2.79%. When the effect of drying process on TN
value was investigated, it was found that drying at room temperature (TN = 1.78-2.00%)
resulted in a significantly (P<0.05) lower TN content than drying at 75+5°C (TN = 2.17-
2.45%) for 16-22% under every testing condition. However, the study found that the
different drying condition did not cause a significant difference (P<0.05) in NO;-N content
in the clay pellets but resulted in a significant (P<0.05) moisture content between
treatments.

Results of leaching test were found that the pH of the leachate of urea fertilizer
was in alkaline condition (pH 8-9) for the first 24 hours and the pH of the leachate of the
clay pellet was slightly acidic to neutral (pH 4.5-7.7) throughout the study period.
Meanwhile pH of leachate of Osmocote in the first 24 hour was in quite acidic (pH 4-5),
after that the pH was increased with an increase in experiment period. After finished
testing (720 hours or 1 month), pH in leachate of clay pellet, Osmocote and urea fertilizer
was 5.42-6.73, 5.53-5.79 and 5.25-5.98, respectively. The major factors that had significant
effect on the changing of pH were the mixture formula of the clay pellets and the type of
solution used for leaching. The electrical conductivity (EC) in leachate of Osmocote was
very high (1-14 pS/cm) at the beginning of the testing, and it was significantly difference
with the clay pellets and urea fertilizer (P<0.05). Moreover, the EC in the DI water and
synthesis soil solution after leaching the clay pellets and urea fertilizer was within the
level of non effect (non-saline <400US/cm, 0.4 mS/cm) to having small effect (very
slightly saline 400-800 [S/cm) on plantation. The major factors that have significant
effect on the changing of EC in the leachate were the mixture formula, size of the clay
pellets, and type of solution used for leaching. The accumulated TN in the leachate of
all clay pellet experiments was as high as 64.60+7.307-83.68+7.112% of the starting TN.
On the contrary, there was a constant release of TN from the Osmocote throughout the
experiment period (1 month) for both leaching with DI water and synthesis soil solution
with the TN content of 60-500 mg/kg. It was found that the clay pellets produced from
materials that had been modified with 10% urea solution did not meet with European
standard for slow-release fertilizer and American and Japan standard for controlled-
release fertilizer. However, the content of TN from the leachate of clay pellet was slower
than from urea fertilizer which it has 100% solubility. The major factors that had a
significant effect on the changing of TN were mixture formula, size of the clay pellet, the
leachate solution, and drying temperature.

Results of soil incubation test indicated starting moisture content of soil was
decreased to 4-5% after the clay pellets were amended. It was found that every testing
condition of the clay pellets (except the control condition), there was a constant release
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of urea and there was an enhancement of mineralization, as a result there was a balance
in moisture content more than the control condition (unmodified with urea). The factor
that had a significant effect on the changing of moisture content in the soil was the
mixture formula of the clay pellets. It was found that in every testing condition (except
the control condition), there was a rapid increase in pH (8-9) and (200-400 mg/kg) within
week 1 of the testing, until the end of the experiment (1 month). The factor that had a
significant effect on the changing of NH, -N contents in the soil was the sizes of the clay
pellets. Throughout the study, there was no significant effect (P>0.05) on the changing of
NOs N contents (1.5-2.4 mg/kg) and organic matters in the soil (week 1-4) and the TN
content in clay pellets after the end of the testing was remained at 1,100-1,670 mg/kg
which it was higher than the control condition for 5.5-8.4 times.
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