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I.  Abstract


In observing the soils in their natural context at Kirdkao Observatory Site, Kanchanaburi (S1) the most curious observation of the students related to the fact that the water could not infiltrate further than 10 cm below the surface. It was hypothesized that this was because the porosity of the soil below the 10 cm depth was lower than that of at 10 cm depth. Data on soils’ physical properties related to soil porosity (bulk density, texture, silt percentage and porosity of the soil at 10, 30, 60, and 90 cm depth) were collected to test the hypothesis. Data of the physical properties of the soil were collected at Banyangsung School Site, Kanchanaburi Province (S2)and at Dara Academy School Site, Chiangmai Province (S3) compared with the data  at S1. The effects of geomorphology, land cover and land use on soil moisture content of the three sites were discussed.  It is found that the soil texture of S1 was sandy clay loam throughout the profile. At S2 , there was sandy loam at 10, 30, 60 cm depth but at 90 cm depth there was sandy clay loam. The soil texture of S3 at 10, 30, 60 and 90 cm was clay loam but at 60 cm it was sandy clay loam. The bulk density of the soil at S1 and S2 were decreased with depth in the range of 1.47 – 1.12 which was inversely related to the particle density. At all sites, the bulk density of the soil was inversely related to soil porosity. It was remarkable that the soil moisture and the number of water-filled pores of the soil at 30-cm depth of S1 were very high which might due to the siltation or compaction process. The trend of silt percentage at S2 was increased with depth. The soil porosity of S2 was inversely related to soil bulk density. Soil bulk density and porosity of S3 were inconsistent probably due to the activities of sedimentation process of soil formation on the river basin of that site which caused stratified soil layer. Soil moisture and water filled pores of the soil of S2 increased with depth, which might be due to the high level of ground water.


Comparison of soil physical properties of the 3 sites suggested that soil drainage and soil moisture were directly related to soil bulk density and soil porosity except at 30 cm depth of S1. The soil moisture was very high and soil drainage was limited which might due to the siltation process of that compact layer from repeated ploughable processes.

II.  Introduction


Banyangsung School (Kanchanaburi Province), Kirdkao Observatory (Kanchanaburi Province) and Dara Academy (Chiangmai Province) has independently used (i)  the Soil Characterization Field Measurement and Lab Analysis Protocol to collect data on soil characteristics (color, structure, texture, consistency, root and rocks, carbonate, soil bulk density, soil particle size distribution, soil moisture and soil temperature); and (ii)  the Atmospheric Protocol to collect data on precipitation, maximum, minimum and current air temperature since 2000.  The site data were analyzed and compared in December 2001.  NASA scientists introduced the use of watermark sensors (soil moisture sensors) and data logger (automated soil and air temperature sensors) to the researchers of the three sites for automatic collection of soil moisture and soil temperature data at different depths (5, 10, 30, 60, 90 cm depths)  and air temperatures every 15 minutes.  The researchers  started since then to join NASA’s research, using Soil Moisture Sensor Protocol and Automated Soil and Air Temperature Monitoring Protocol and GPS Protocol, collecting and sending needed data to NASA soil scientists to be used in validation a biophysical Earth System simulation model known as GAPS, General Purpose Simulation Model of the Atmosphere-Plant-Soil System.  In parallel, the researchers also analyzed and compared the data from the three sites. 


Site visits organized in August 2002 enabled the participating students to observe work done at the other sites and exchanged information with their peers.  Observing the soils in their natural context, the researchers  raised many pertinent questions such as why the different thicknesses of soil horizon at the three sites; why the different soil moisture and temperatures; and why the different soil colors at the two sites (Banyangsung and Kirdkao) that were only three kilometers apart.   The most curious observation was why at Kirdkao Observatory Site the water could not infiltrate further than 10 centimeters below the surface Why?  After some discussions, the researchers hypothesized that it was because the soil at that depth (0 – 10 cm) was loose enough for water to infiltrate in since it was composed of humus formed by the decay of dead leaves, and some organisms.  Further down, the soil was very fine and compact, making it impossible for the water to infiltrate through. 


The data on soil moisture, bulk density, particle density, texture, silt percentage and porosity of the soil were collected to test the hypothesis of the seeping down of the water through the soil at Kirdkao Observatory.  The data of those soil characteristics were also collected at Banyangsung School Site and Dara Academy School Site.  Those data were compared among the three sites.  The affect of geomorphology, land cover and land use on soil moisture content of the three sites were discussed. 

III.  Research Question / Hypothesis


A.  Research Question 1  



Why at Kirdkao Observatory Site, Kanchanaburi Province, the water cannot infiltrate further down below the 10 cm depth?



Hypothesis 1


At Kirdkao Observatory Site, the water cannot infiltrate into and through the soil further down below the 10 cm depth because the porosity of the soil at below the 10 cm depth is lower than that of at 0 – 10  cm depth. 




1.1  If the lower moisture content of the soil is related to the lower porosity of the soil, then at Kirdkao Observatory Site, the lower moisture content of the soil at below the 10 cm depth is related to the lower porosity of the soil at below that of 10 cm depth.




1.2  If the higher particle density and silt percentage of the soil are related to the lower porosity of the soil, then at Kirdkao Observatory Site, the higher particle density and silt percentage of the soil at below the 10 cm depth is related to the lower porosity of the soil at below the 10 cm depth. 


B.  Research Question 2



Are the moisture content, bulk density, particle density, texture, silt percentage, and porosity of the soil at 0 – 10 cm,  30 cm,  60 cm and 90 cm depths at Kirdkao Observatory Site, Kanchanaburi province, at Banyangsung School Site, Kanchanaburi province and at Dara Academy School Site, Chiangmai province different.?



Hypothesis 2

The moisture content, bulk density, particle density, texture, silt percentage and 

porosity of the soil at  0 – 10 cm, 30 cm, 60 cm and  90 cm depth at Kirdkao Observatory Site, Kanchanaburi province, at Banyangsung School Site, Kanchanaburi province and at Dara Academy School Site, Chiangmai province are different.


C.  Research Question 3



Do the different geomorphology, land cover and land use affect the different of soil moisture content at different depth at Kirdkao Observatory Site, Kanchanaburi province, at Banyangsung School Site, Kanchanaburi province and at Dara Academy School Site, Chiangmai province?



Hypothesis 3



The different geomorphology, land cover and land use affect the different of soil moisture content at different depth at Kirdkao Observatory Site, Kanchanaburi province, at Banyangsung School Site, Kanchanaburi province and at Dara Academy School Site, Chiangmai province.

IV.  Research Methodology


1.  To test Hypothesis 1 (1.1 and 1.2)



1.1   Use Soil Moisture Content Protocol to determine soil moisture content at 10, 30, 60 and 90 cm depths



1.2   Use Soil Bulk Density Protocol to determine soil bulk density at 10, 30, 60 and 90 cm depths



1.3   Use Soil Particle Density Protocol to determine soil particle density


1.4   Calculate soil porosity from soil bulk density and soil particle density     



1.5   Use Soil Particle Size Distribution Protocol to determine soil texture and calculate silt percentage of the soil 



1.6   Compare soil moisture content, bulk density, particle density, porosity, texture and silt percentage at 10, 30, 60 and 90 cm depth of Kirdkao Observatory Site, Kanchanaburi province.  To test hypothesis 1, 1.1 and 1.2


2. To test Hypothesis 2 



Compare soil moisture content, bulk density, particle density, porosity, texture and silt percentage at 10, 30, 60 and 90 cm depth of Kirdkao Observatory Site, Kanchanaburi province, Banyangsung School Site, Kanchanaburi province and  Dara Academy School Site, Chiangmai province to test Hypothesis 2


3.  To test Hypothesis 3



3.1   Use GPS Protocol and collect other geomorphology data to determine and compare geomorphology of Kirdkao Observatory Site, Banyangsung School Site and Dara Academy School Site



3.2   Use Qualitative Land Cover Protocol to collect and compare qualitative land cover data of Kirdkao Observatory Site, Banyangsung School Site and Dara Academy School Site



3.3   Collect and compare land use data of Kirdkao Observatory Site, Banyangsung School Site and Dara Academy School Site.

3.4  Interpret and draw conclusion on the affect of different geomorphology,  land     

       cover and land use on different soil moisture content at Kirdkao Observatory

       Site, Banyangsung School Site and Dara Academy School Site.

V. Data Summary


Table 1
Soil physical properties at different depths : Kirdkao Observatory Soil Study Site, Kanchanaburi province, Thailand

	Soil Depth

(cm)
	Soil Moisture Content (%)
	Soil Bulk Density

(g / cm3)
	Soil Particle Density  

(g / cm3)
	Soil Porosity

(%)
	Soil Water- Filled Pores

(%)
	Soil Percentage (%)
	Soil Texture 

	
	
	
	
	
	
	Sand
	Silt
	Clay
	

	10
	1.390
	1.408
	2.451
	42.55
	4.500
	56.52
	18.84
	24.64
	Sandy clay loam

	30
	2.700
	1.382
	2.451
	43.61
	8.500
	51.08
	21.92
	27.00
	Sandy clay loam

	60
	2.037
	1.199
	2.404
	50.12
	4.800
	59.52
	14.20
	26.28
	Sandy clay loam

	90
	0.970
	1.550
	2.294
	32.432
	4.600
	56.52
	16.84
	26.67
	Sandy clay loam


[image: image1.emf]Figure 1  Relationship between soil physical properties and soil water-filled pores      

               :Kirdkao Observatory Soil Study Site, Kanchanaburi province, Thailand
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Table 2
Soil physical properties at different depth : Banyangsung School Soil Study Site, Kanchanaburi province, Thailand


	Soil Depth

(cm)
	Soil Moisture Content (%)
	Soil Bulk Density

(g / cm3)
	Soil Particle Density  

(g / cm3)
	Soil Porosity

(%)
	Soil Water- Filled Pores

(%)
	Soil Percentage (%)
	Soil Texture 

	
	
	
	
	
	
	Sand
	Silt
	Clay
	

	10
	2.359
	1.478
	2.525
	41.500
	8.400
	56.08
	17.56
	27.36
	Sandy clay loam

	30
	7.462
	1.293
	2.358
	45.200
	21.300
	56.52
	14.84
	28.64
	Sandy clay loam

	60
	2.551
	1.436
	2.451
	41.412
	8.800
	51.44
	18.56
	30.00
	Sandy clay loam

	90
	4.275
	1.427
	2.500
	43.000
	14.100
	48.08
	19.92
	32.00
	sandy clay loam


[image: image2.emf]Figure 2  Relationship between soil physical properties and soil water-filled pores   

               :Banyangsung School Soil Study Site, Kanchanaburi province, Thailand
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Table 3  
Soil physical properties at different depth : Dara Academy School Soil Study   

   


  Site, Chiangmai province, Thailand

	Soil Depth

(cm)
	Soil Moisture Content (%)
	Soil Bulk Density

(g / cm3)
	Soil Particle Density  

(g / cm3)
	Soil Porosity

(%)
	Soil Water- Filled Pores

(%)
	Soil Percentage (%)
	Soil Texture 

	
	
	
	
	
	
	Sand
	Silt
	Clay
	

	10
	12.00
	1.73
	2.44
	29.00
	71.00
	44.30
	22.40
	32.60
	Clay  loam

	30
	25.20
	1.29
	2.30
	44.00
	74.00
	30.40
	36.00
	33.60
	Clay loam

	60
	23.65
	1.63
	2.42
	32.64
	117.00
	29.14
	32.50
	38.36
	Clay loam

	90
	31.10
	1.44
	2.46
	41.46
	109.00
	21.26
	36.14
	42.60
	Clay  loam


[image: image3.emf]Figure 3  Relationship between soil physical properties and soil water-filled pores  

               :Dara Academy School Soil Study Site, Chiangmai province, Thailand
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Figure 4 
Comparison of soil moisture content, bulk density, particle density, porosity  

                    and water filled pores  at different depth at Kirdkao Observatory Site, 

     

  Banyangsung School Site and Dara Academy School Site.
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[image: image5.emf]Comparison of Soil Bulk Densidy
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[image: image6.emf]Comparison of Soil Particle Density

0

10

20

30

40

50

60

70

80

90

100

2.2 2.3 2.4 2.5 2.6

Soil Particle Density (g/cm3)

Soil Depth (cm)

[image: image7]
[image: image8.emf]Comparison of Soil Porosity
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[image: image9.emf]Comparison of Soil water filled pores 
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VI. Analysis


From Table 1 and Figure 1

A. The relationship of soil physical properties at different depths at Kirdkao Observatory Site, Kanchanaburi province, Thailand


1.  Soil Moisture Content

· Moisture content at 10 cm depth was lower than at 30 cm and 60 cm depths may be because of higher bulk density, lower soil water - filled pores and more evaporation of the soil at 10 cm depth (more contact to the heat from sunlight which caused more evaporation).
· Moisture content at 30 cm depth was highest among at the other depths may be because of siltation of the soil (silt particles which have similar size with the soil pores clogged the soil pores)  caused more compaction of the soil at  30 cm depth so the soil water at 30 cm depth could not infiltrate to the deeper soil horizon.  
· Moisture content at 90 cm depth was lowest among at the other depths may be because of low ground water table, so there was  no movement of  water to this depth.



2. Soil Bulk Density

· Bulk Density at 10 cm depth was higher than at 30 cm and 60 cm depths may be because of  soil porosity (air and water space in soil) at 10 cm depth was lower than at 30 – 60 cm depth.

· Bulk Density at 90 cm depth was highest among at the other depths may be because of the porosity at 90 depth was highest.


3. Soil Particle Density

· Particle Density were a little bit decreasing with depth may be because of increasing of finer texture of silt and clay particles with depth.

4. Soil Porosity

· Porosity at 10 cm depth was lower than at 30 cm and 60 cm depths may be because of soil bulk density at 10 cm depth was higher.
· Porosity at 60 cm depth was highest among at the other depths because of soil bulk density and silt particle at 90 cm depth were lowest. 


5. Soil Water-Filled Pores

· Water-filled pores at 10 cm depth was lower than that of 30 cm, 60 cm and 90 cm depths may be because of  lower soil porosity and more contact to the heat from sunlight which caused more evaporation.
· Water-filled pores at 30 cm depth was highest among at the other depths may be because  this layer  was a compacted siltation layer which contained more small pores (water – filled  pores) that water could not infiltrate further down to other layers.

B. The relationship between soil physical properties and soil porosity across the depths  at Kirdkao Observatory Site, Kanchanaburi province, Thailand  

· At 10,30 cm depths increasing of soil moisture content was directly related to increasing of soil porosity and water-filed pores may be because of  more soil bulk density, more small pores for water.

· At 60 and 90 cm depths, decreasing of soil moisture content was directly related to  decreasing of soil water-filed pores may be because of  no movement  infiltrated of water from the above layer and there was very deep ground water table that water hardly rose up to those soil depths. 

· At 90 cm depth, increasing of soil bulk density was inversely related to decreasing of soil porosity, soil water-filled pore and soil moisture content may be because of the smaller number and size of soil pores at 90 cm depth. 
From Table 2, Figure 2

A.  The relationship of soil physical properties at different depths at Banyangsung School Site, Kanchanaburi province, Thailand.

1.  Soil Moisture Content

· Moisture content at 10, 60 and 90 cm depths is increasing with depths may be because of  decreasing of soil bulk density that caused increasing numbers of small soil pores or soil water – filled pores with depths, and may be because of increasing of clay texture that could absorb more water with depths.

· Moisture content at 30 cm depth was highest of all at the depth may be because of the lowest soil bulk density which related to more soil water – filled pores at this depth. 

2. Soil Bulk Density

· Bulk density at 10 cm, 60 cm and 90 cm depths was decreasing with depth may be because  there were more pore spaces increasing with depths.
· Bulk density at 30 cm depth was lowest of all at the other depths may be because of no siltation and more water filled pores at 30 cm depth. 

3. Soil Particle Density

· Particle density at 30 cm, 60 cm and 90 cm depths were increasing with depths may be because of increasing of finer texture, silt and clay particles with depths.

4. Soil Porosity

· Porosity at 10 cm and 60 cm depths were a little bit different and lower than at 30 cm and 90 cm depths may be because of the different and increasing of soil bulk density at the lower depth.

· Porosity at 30 cm depth was highest of all at the other depths may be because of soil bulk density at 30 cm was the lowest, so there were more number of soil pores.
5. Soil Water - Filled Pores

· Water filled pores at 10 cm depth was the lowest and at 30 cm depth was the highest (about 3 times of at 10 cm depth) may be because of smaller numbers of  soil pores and more evaporation due to the more contact to the heat from sunlight at the surface soil 10 cm depth.

· Water filled pores at 90 cm depth was higher than that at 10 cm depth (at 90 cm depth was twice of at 10 cm depth) may be because of there were higher soil porosity and soil moisture content at 90 cm depth.

· Water filled pores at 60 cm depth was not much different from at 10 cm depth may be because of similar soil porosity between these two depths.

B.The relationship between soil physical properties and porosity across the depths, at Banyangsung School, Kanchanaburi province, Thailand

· At 10 to 30 cm and 60 to 90 cm depth increasing of soil moisture content were directly related to increasing of soil porosity and soil water - filled pores may be because of  there were more small size pores that could be filled with water.
· At 10 to 30 cm and 60 to 90 cm depth decreasing of soil bulk density and soil particle density were inversely related to increasing of soil porosity and soil water -filled pores may be because  there were more small soil pores that could be filled with water. 

From Table 3, Figure 3

A. The relationship of soil physical properties at different depths at Dara Academy School  Study Site, Chiangmai province, Thailand.

Note. Top soil layer (10 cm depth) is a buried soil layer.

1. Soil Moisture Content

· Moisture content at 10,30 cm depths and 60,90 cm depths were increasing with depth may be decease of increasing of soil porosity with depth and there were high ground water table especially at subsoil layers.
2. Soil Bulk Density

· Bulk density at 10,30 cm depths and 60,90 cm depths were decreasing with depths may be because of increasing of soil pore space or soil porosity.
3. Soil Particle Density

· Particle density at 10, 60, 90 cm depths were a little bit different but particle density at 30 cm depth was lowest at all depth may be because of at 30 cm depth was a natural top soil layer with higher organic matter.

4. Soil Porosity

· Porosity at 10 to 30 cm depths and 60 to 90 cm depths were increasing with depth may be because of  decreasing of bulk density at 10, 30 cm and 60, 90 cm depths, except at 30 to 60 cm depths soil porosity were decreasing may be because of decreasing bulk density at these depths.

5. Soil Water filled pores

· Water filled pores at 10, 30 and 60 cm depths were increasing with depths may be because  there were increasing saturated water horizon in sub soil layers which were closed to ground water level.

· Water filled pores at 90 cm depth was lower that at 60 cm depth  may be because of  more siltation at 90 cm depth.
B.The relationship between soil physical properties and porosity across the depths at Dara Academy School Site Study Site, Chiangmai province, Thailand.

· At 10 to 30 cm and 60 to 90 cm depths increasing of soil moisture content were directly related to increasing of soil porosity may be because of increasing of number of small soil pores which were filled up with water.

· At 10 to 30 cm depth, decreasing of soil bulk density, soil particle density were inversely related to increasing of soil porosity and soil water - filled pores may be because of  increasing of finer soil particles caused increasing of small size soil pores which could be filled with water (water - filled pores).

· At 60 to 90 cm depths decreasing of soil water - filled pores were inversely related to increasing of soil porosity  may be because of ground water table was higher at medium texture soil (sandy clay loam) at 60 cm depth.

From Table 1, 2, 3 and Figure 1, 2, 3

Comparison of the relationships of soil physical properties and soil porosity among the 3 soil sites, Kirdkao Observatory Site, Kanchanaburi province, Banyangsung School Site, Kanchanaburi province, and Dara Academy School Site, Chiangmai province.

1.Soil Moisture Content

· Among the 3 sites, at Kirdkao Observatory Site, soil moisture content was highest at 30 cm and lowest at 90 cm depth. At Banyangsung School Site, soil moisture content was highest at 30 cm and lowest at 90 cm depth. At Dara Academy School Site, soil moisture content was highest at 30 cm and lowest at 60 cm may be because of at 30 cm depth of Banyangsung School Site, and Dara Academy School Site  had lowest bulk density compared to another horizon, but at Kirdkao Observatory Site, there was more silt particle that water was not easy to infiltrate to the lower horizon.

· Among the 3 sites, soil moisture content at all depths at Kirdkao Observatory Site was the lowest and Dara Academy School Site was the highest may be because at Dara Academy School Site, the soil moisture in each horizon was controlled by higher ground water level due to the study site close to the Ping river.

2. Soil Bulk Density

· Among the 3 sites, soil bulk density at all depths at of the  3 sites were a little bit different may be because the bulk density of all three sites were controlled by soil texture, and amount of soil pores. Soils with more soil pores space, would have low soil  bulk density, and indirectly related to soil moisture.
3. Soil Particle Density

· Among the 3 sites, soil particle density at all depths of the 3 sites were a little bit different may be because of the different kind of soil particles and soil porosity.  Clay and silt particle were more dense than sandy particle.

4. Soil Porosity

· Among the 3 sites, at Kirdkao Observatory Site, soil porosity was highest at 60 cm depth and lowest at 90 cm depth. At Banyangsung School Site, soil porosity was highest at 30 cm depth and lowest at 10 and 60 cm depths. At Dara Academy School Site, soil porosity was highest at 30 cm depth and lowest at 10 cm depth may be because soil porosity at all depth was directly relaed to the size of soil particle ( sand, silt, clay). Finer texture usually have more pore space than coarser soil texture.

5.Soil Water-Filled Pores

· Among the 3 sites, at Kirdkao Observatory Site, soil water-filled pores was highest at 30 cm depth and lowest at 10 cm depth, at Banyangsung School Site, was also highest at 30 cm depth and lowest at 10 cm depth, but at Dara  Academy School Site, was highest at 60 cm depth and lowest at 10 cm depth may be because the water table level at Dara Academy School Site was high at 60 cm depth. 
VI.
Conclusion


At all the three sites, soil physical properties (bulk density, particle density, texture and silt percentage) were inversely related to soil moisture content, soil water – filled pores and soil porosity. Silt percentage of the soil at 10 – 30 cm depth at Kirdkao Obeservatory Site was higher than at Banyangsung School and Dara Academy School Sites. These soil characteristics caused low water infiltration to subsoil horizons at Kirdkao Obeservatory Site. Soil moisture content of both Kirdkao Observatory Site and Banyangsung School Site were lower than that of Dara Academy School Site, due to the different of geomorphology and topography which were related to ground water table and soil texture.

VI. Discussion

It was very interesting for the researchers to learn from this research that all of the natural phenomena are interrelated as cause and effect relationships. It was found that many of GLOBE soil protocols are very effective means to research for the curious relationships of soil phenomena. Researchers put a lot of efforts in doing this research very carefully and repeatedly many times to avoid the errors. The results and the analysis of the relationships of the results were confirmed and agreed. However, the researchers found that doing the particle density protocol, soil particle size protocol accurately were very hard, and still could not identify the sources of errors. The researchers also had the difficulties in the analysis of the results, because of the lacking of background knowledge. Searching for background knowledge to explain the results, enriched the researchers’ understanding of the nature of soil and guide the ideas to extend the research. The affects of geomorphology, topography, ground water table, land cover, and phenology on soil characteristics are interesting to be searched. The affects of soil characteristics on agriculture, soil water budget, drought and flooding management are also valuable to be investigated. The satellite validation using the ground truth data from data logger and manual records might be interesting too.
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Remarks: 


S1 is Kirdkao Observatory Soil Study Site, Kanchanaburi province, Thailand


	    


S2 is Banyangsung School Soil Study Site, Kanchanaburi province, Thailand


	    


S3 is Dara Academy School Soil Study Site, Chiangmai province, Thailand



















































































