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ABSTRACT  
 
Bukit Timah Nature Reserve is a site for both eco-tourism and conservation. From the 
outlook, common activities such as trekking seem ideal as there is minimal disturbance to 
the environment and people benefit from the interaction with nature. From the 
forest/environment conservation perspective, these seemingly harmless activities may 
unknowingly kill or harm the forest slowly. The daily flow of human traffic into Bukit 
Timah Nature Reserve, especially along route 3, could result in environmental damage. Each 
time a person/walker veers off the allocated track, damage to the environment is done due to 
the weight of the foot traffic which leads to soil compaction. The level of soil compaction 
will eventually harm the growth of vegetation within a forest. The paper focuses on the 
effects of human traffic on soil compaction along an assigned path. Infiltration rate and 
availability of soil nutrients such as nitrogen, phosphorus and potassium are tested to assess 
the impact of soil compaction caused by human traffic. A comparison study was done 
between the main and side trails of route 3. Possible recommendations were also suggested 
to help trails regenerate. 
 
 
INTRODUCTION 
 
One of the first forest reserves established in Singapore, Bukit Timah Nature Reserve was 
established in 1883 based on the recommendation in a report by government of the Straits 
Settlements (National Parks Board, 2012). Under the Nature Reserves Ordinance enacted in 
1951, the 163-hectare reserve, one of the largest tracts of primary rainforest left in 
Singapore, received protection for the preservation of flora and fauna and its value as an 
aesthetic, historical and scientific place of interest (Singapore, 1951). Today, Bukit Timah 
Nature Reserve supports diverse needs such as conservation, education, research and 
recreation (National Parks Board, 2012). 

Despite protection measures taken in Bukit Timah Nature Reserve, an ongoing threat exists 
whereby people may still engage in harmful activities to the forest unknowingly. As a place 
of interest in Singapore, it attracts a large number of daily visitors. Measures such as 
assigned routes are undertaken to minimise the impact of walking. However, the frequency 
of foot traffic and the possibility of people straying off the path due to a lack of 
environmental awareness may lead to physical trampling of soil. This could alter the soil 
physical and chemical properties, leading to detrimental effect on forest if not monitored 
closely.   

 
 
 
 



	  
	  

3	  
	  

LITERATURE REVIEW 
 
Soil compaction refers to the physical degradation of the soil when biological activity, 
porosity and permeability are reduced due to the compression of the soil. Serious 
consequences include the lowering of infiltration capacity and increased rate of erosion 
which results in the removal of nutrients from soil. Furthermore, the compaction of soil 
particles may further trap whatever little nutrients that is left in the soil. (Beata, 2012)   

The measurement of infiltration rate, the rate at which water seep into the soil, is an 
important indicator as it can be correlated with the presence of organic matter, earthworm 
population and soil stability (Fasching, 2001) which are vital to plant growth. Furthermore, 
good infiltration ensures that soil erosion is reduced and soil nutrients are retained in the 
soil. 

The impact of soil compaction could lead to the absence of essential nutrients for plants to 
perform functions required in their life cycle. These essential nutrients can be divided into 
macronutrients and micronutrients, whereby macronutrients are required in greater amounts 
than micronutrients due to their functions in building tissues and proteins within a plant. 
Important macronutrients include nitrogen (N), phosphorus (P) and potassium (K) (Braden, 
unknown). Refer to Figure 1 for the functions of each nutrient. 

Nutrient Function 

Nitrogen (N) Used to synthesise amino acids subsequently 
proteins used for growth of plant. 

Phosphorous (P) Essential in plant cell division process to 
ensure proper growth. Important in 
photosynthesis process of plants. 

Potasium (K) Important for the movement of materials 
through the plant body. Involved in plant’s 
metabolism.  

      
     Figure 1: Function of macronutrients in plant growth (Ellsworh, 2000) 
 
Level of soil acidity, measured using pH values, may be influenced by frequent usage of 
parks. The change in acidity influences physical, chemical and biological soil processes 
which affects plant growth (SEPA, 2011). Generally, availability of micronutrients such as 
iron and zinc is lower in alkaline soils. In contrast, phosphorus may be limited in acidic 
soils. Furthermore, acidic soil may contain toxins such as aluminum that when present in 
high amounts harm plant growth.  Furthermore, level of soil acidity affects the presence of 
fungi and bacteria in the soil, where fungi are found in more acidic soil (Peryea & Lorentz, 
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2004). While both are important in the nutrient cycling, fungi also help to promote healthy 
plant growth due to its role in disease suppression and water dynamics (Jenkins, 2005). It 
should be noted that most rainforests are found growing in laterite soils which are acidic and 
low in nutrients. What makes growth possible is nutrient cycling (Butler, 2012).  

Hence, although government-led forest rehabilitation has occurred since 1991 in nature 
reserves in Singapore (Davison, 2007), an area of concern arises when high human traffic 
flow in the forest may actually hinder such efforts of rehabilitation when possible soil 
compaction could have detrimental impact on forest growth. 

 
METHODOLOGY 
 
 

      

 

 

At	  Bukit	  Timah	  Nature	  Reserve,	  Route	  3	  (indicated	  by	  the	  green	  line	  in	  Figure	  2)	  was	  
selected	  as	  the	  site	  for	  investigation	  of	  soil	  compaction,	  soil	  infiltration	  and	  soil	  quality.	  
25	   sites	   were	   selected	   along	   the	   route	   (Figure	   3)	   for	   investigation	   of	   the	   physical	  
property	   of	   soil	   through	   soil	   compaction	   and	   soil	   infiltration	   as	  well	   as	   its	   chemical	  

Figure 2: Map of Bukit Timah 
Nature Reserve                          	  

Figure 3: Sites of investigationg 
along Route 3                          	  
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composition	  through	  the	  testing	  of	  its	  pH	  value,	  nitrogen,	  phosphorus	  and	  potassium.	  
Each	  site	  was	  50m	  apart	  from	  one	  another.	  	  

Chemical	  composition:	  Testing	  of	  soil	  samples	  

At	   each	   site,	   two	   sets	   of	   soil	   sample	   were	   collected	   for	   soil	   testing	   back	   in	   the	  
laboratory.	  The	  first	  set	  was	  be	  soil	  from	  the	  center	  of	  the	  main	  trail	  while	  the	  second	  
one	  was	  soil	  at	  the	  side	  trail	  (Figure	  4).	  Due	  to	  safety	  concerns,	  it	  was	  not	  possible	  to	  
collect	  readings	  for	  soil	  compaction,	  soil	  infiltration	  and	  soil	  sample	  from	  some	  of	  these	  
sites	  with	  steep	  slopes.	  LaMotte®	  N-‐P-‐K	  Soil	  Test	  Kit	  and	  LaMotte®	  pH	  Test	  Kit	  were	  
used	  for	  the	  testing	  for	  nitrogen,	  phosphorus,	  potassium	  and	  pH	  value	  of	  soil.	  Refer	  to	  
appendix	  A	  for	  the	  detailed	  procedure	  on	  how	  soil	  testing	  was	  carried	  out.	  

	  

Figure	  4:	  	  Route	  3	  Main	  and	  Side	  trails	  

	  

Physical	  property	  of	  soil:	  Level	  of	  compaction	  	  

A penetrometer was then used to test the compaction of the soil (Figure 5). A length of 3cm 
was marked out on the penetrometer which would be the depth for which the penetrometer is 
to be pushed into the soil (Figure 6). Readings for soil compaction were then recorded. 
Similar to how soil samples were collected, testing of soil compaction was done on the 
center of the route itself as well as beside it to provide a comparative value of how trekking 
could have influenced the compaction of the soil and whether compaction could be observed 
at the sides due to people walking off the assigned path. 
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        Figure 5: A reading on penetrometer        Figure 6: Penetrometer pushed into soil 
  
Physical property of soil: Rate of infiltration 
 
Soil infiltration was measured using a PVC cylinder which was marked out with values of 
0cm – 10cm, where 1cm equates to 100ml of water. A measuring cylinder was then used to 
measure 500ml of water and poured in the PVC cylinder. Time taken for water to infiltrate 
the soil was recorded (Figure 6). In cases where infiltration was slow, a time limit of 10 
minutes was given for these sites to allow the 500ml of water and volume of water that 
infiltrated was recorded down. Similarly, this was done for 2 locations at each site.  
 

 
 

Figure 7: Example of how infiltration was done. 
 
Behavior of users at Bukit Timah Nature Reserve: Participant observation and surveys 
 
To provide a more holistic view of the situation at Bukit Timah, observation of the people’s 
behavior at the entrance and exit of route 3 was done to track how frequent the path is used. 
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In addition, a survey of 100 random people was done to gather perception on the success of 
the conservation effort in Bukit Timah Nature reserve and whether people have been 
keeping to the assigned routes.  
 
FINDINGS 
 
Figure 8 shows the physical characteristics of the soil with regards to the soil compaction 
and soil porosity using readings collected from the penetrometer and soil infiltration test. 

The main trail The sides of the trail Site 
no. 

Description/ 
Additional 
information 

Penetrometer 
Reading (PSI) 

Infiltration  
rate 

Penetrometer 
reading (PSI) 

Infiltration 
rate 

1. beside heritage tree Exceed 300 No 
infiltration 

148 500ml in 1min 37s 

2. beside licuala plant Exceed 300 150ml in 
10min 

Unsafe Unsafe 

3. along walking steps Exceed 300 No 
infiltration 

150 500ml in 1min 20s 

4. intersection of main 
path and secondary 
path  

Exceed 300 No 
infiltration 

20 500ml in 15.85s 

5.  Exceed 300 3cm in 10min 100 200ml in 10min 
6. along secondary path 

dirt trail 
280 250ml in 

10min 
Unsafe Unsafe 

7.  Exceed 300 No 
infiltration 

Unsafe Unsafe 

8.  290 250ml in 
10min 

40 500ml in 4min 11s 

9.  Exceed 300 No 
infiltration 

130 500ml in 12.46s 

10. along walking steps 
uphill 

Exceed 300 No 
infiltration 

40 500ml in 18.04s 

11. 50m after cross 
junction 

200 No 
infiltration 

30 500ml in 1min 28s 

12.  Exceed 300 No 
infiltration 

50 500ml in 24.00s 

13.  Exceed 300 No 
infiltration 

Unsafe Unsafe 

14.  Exceed 300 No 
infiltration 

50 500ml in 59.05s 

15.  Exceed 300 No 
infiltration 

30 500ml in 1min 24s 

16. Granite steps Exceed 300 No 
infiltration 

250 Unsafe 

17.  Exceed 300 No 90 Unsafe 
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infiltration 
18.  Exceed 300 No 

infiltration 
25 500ml in 1min 

19.  Exceed 300 No 
infiltration 

80 Unsafe 

20.  Exceed 300 No 
infiltration 

25 500ml in 20.22s 

21.  Exceed 300 No 
infiltration 

60 500ml in 8.50s 

22. The trail is too rocky 
for infiltration. 

Exceed 300 No 
infiltration 

Unsafe 500ml in 5.10s 

23. The sides of this trail 
are more compacted 
compared to others. 

Exceed 300 No 
infiltration 

250 500ml in 25.50s 

24. Granite steps. Exceed 300 No 
infiltration 

220 500ml in 0.67s 

25.  Exceed 300 No 
infiltration 

200 500ml in 9.82s 

 
Figure 8: Physical characteristics of soil 

Infiltration tests 
 
In general, sites along the side trail allow water infiltration and seepage to occur in relation 
to soil on the main trail. The longest time clocked was 10 minutes at site 5. The shortest time 
was 0.67 seconds at site 24. Sites 2, 6, 7,13,16,17 and 19 were exceptions as these sites 
along the side trail were unsafe for testing.  
 
Sites along the main trail did not generally allow infiltration to occur with exceptions of sites 
2, 5, 8. These sites only allowed a maximum of 3 cm of water to infiltrate into the ground. 
 
Penetrometer readings     
 
Soil compaction is measured by penetrometer using pounds per square inch (PSI). The 
values on the penetrometer represent the following: 

• Green zone of 0-200 PSI: Little or slightly compacted soils. 
• Yellow zone of 200-300 PSI: Compacted soils  
• Red zone exceeding 300: PSI: Highly compacted soils 

For the main trail, most of the readings on the penetrometer exceed 300 PSI which indicate 
highly compacted soil. For some sites that don’t exceed 300 PSI, soils are still relatively 
compacted as they exceed 200 PSI. When observed with the readings gathered from the 
infiltration rate, a correlation can be established between level of compaction and infiltration 
rate as rate of infiltration is slow or non-existent for these sites of compacted soil.  
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When compared to testing done on the sides of the trail, most readings on the penetrometer 
does not exceed 100 PSI and few exceed values of 200 PSI. This indicates that the soil is 
less compacted and when taken with readings on the infiltration rate, it supports the 
correlation in which infiltration rate is influenced by rate of compaction. 

In general, sites exceeded 300 PSI (penetration resistance) indicating a heavily compacted 
soil along the main trail. Exceptions were at sites 6, 8 and 11 with 280 PSI, 290 PSI and 200 
PSI respectively.  
 
However, sites along the side trail had a wide range of readings between 20 PSI to 250 PSI. 
Though soil compaction varies along the side trails, these sites allowed infiltration to occur.    
 
 
Soil chemical tests 
 
Figure 9 shows the chemical characteristics of the soil with regards to its pH value, nitrogen, 
phosphorous and potassium content. 

 

(A) Soil on the main trail  (B) Soil on the sides of the trail  Site 
no. pH  Nitrogen Phosphorus Potassium pH Nitrogen Phosphorus Potassium 

1. 6 VL M M 4 L L H 
2. 6 VL L M 4 L L H 
3. 4 VL VL L 4 L L H 
4. 6 VL L H - - - - 
5. 6 VL VL M 4 L L H 
6. 4 VL VL L - - - - 
7. 6 VL VL M - - - - 
8. 6 VL VL L 4 L L H 
9. 6 VL L H 4 M L H 
10. 6 VL VL M 4 M L H 
11. 7 VL VL M 6 L M H 
12. 5 VL L L 4 L M H 
13. 6 VL VL M <4 L L H 
14. 5 VL L M <4 L L H 
15. 5 VL VL L 4 L M M 
16. - - - - - - - - 
17. 4 VL L H 4 L L H 
18. 6 VL VL M 5 L L H 
19. 5 VL VL M 4 L M M 
20. 6 VL VL H 4 L L M 
21. 6 VL L M <4 L M M 
22. - - - - <4 L M M 
23. 4 VL VL L <4 L M M 
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24. - - - - <4 L M M 
25. 6 VL VL M 5 L L M 

 
Figure 9: Chemical characteristics of soil collected 

 
Legend 

• Very Low (VL) - not seen in the chart, due to the result being colourless.  

 

 

 

 

*lb A/6” soil: Pounds per Acre for 6 inch soil depth. 

** Unable to collect soil samples for some sites due to: 

 Concrete granite path (for main trail) 
 Steep slopes (for sides of the trail) 

   
 Generally, soil on the main trail has a pH value of 6, which is slightly acidic, while 
the soil on the sides of the trail has a pH value of 4. The optimal soil pH for plant growth is 
6.0-7.5 as it allows bacteria and fungi to perform their function. However, no plants were 
growing on the main trail although the soils have an optimal pH. In fact, plants are growing 
well on the sides of the trail that have soil of pH 4 or lesser. 
 
 This could be due to the lack of important macronutrients found on the main trail. As 
found out from the tests, nitrogen and phosphorus level is almost non-existent as results 
were almost colourless, indicating levels lower than 40 lb A/6” soil and 8lb A/6” soil 
respectively. Potassium level was moderate at 80 lb A/6” soil. On the other hand, soils on 
the sides of the trail have low nitrogen (40 lb A/6” soil ) and phosphorus level (8lb A/6” 
soil) and a high potassium level (160 lb A/6” soil), which are higher than the concentration 
present on the main trail soil. Although soil with low pH(<5.0) will reduce the availability of 
phosphorus in the soil, this was not that case as phosphorus level of the soil on the sides of 
the trail is actually higher than the phosphorus level in the soil on the main trail.  
 
  A correlation can be established between the concentrations of nutrients with the 
physical characteristic of the soil. The higher the level of compaction, the lower the 
concentration of nutrients available in the soil due to the higher erosion rate resulting from 
the low infiltration rate. This could have led to nutrients being washed off which are 
essential for plant growth. The higher than expected level of phosphorus in acidic soils at the 
side of the trail could be attributed to the prevalent nutrient cycle in tropical rainforest.  
 

Soil Analysis Low (L) Medium (M) High (H) 
pH <5.0 (acidic)  >7.5 (alkaline) 

Nitrogen 40 lb A/6” soil 160 lb A/6” soil 320 lb A/6” soil 
Phosphorus 8 lb A/6” soil 20 lb A/6” soil 64 lb A/6” soil 
Potassium 40 lb A/6” soil 80 lb A/6” soil 160 lb A/6” soil 
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Soil tests on the main trail at Sites 1-25 relatively contain less Nitrate, Phosphorus and 
Potassium to the side trail. Nitrates on the main trail at Sites 1-25 indicate Very Low (VL) 
readings whereas side trail show Low (L) readings with exception of Sites 9 and 10 which 
display Moderate (M) readings.   
 
Phosphorous readings on the main trail at Sites 2-25 had a combination of VL and L 
readings with exception of site 1 which shows a M reading. Sites 
1,2,3,5,8,10,11,12,13,14,15,18 and 23 along the side trail show higher readings to 
corresponding sites on the main trail. This accounts to 52 percent of the sites containing 
higher levels of potassium in comparison to the main trail.        
 
There were relatively healthy potassium readings (H and M) at most sites along the side trail 
compared to the main trail. The latter posted a varied range of L, M and H readings.    
 
On-site Observations and Surveys 
 
The survey carried out amongst a sample of 100 people provided useful insights into the 
perception of conservation of Bukit Timah Nature Reserve as seen in Figure 10. Figure 11 
refers to the breakdown of activities carried out at Bukit Timah Nature Reserve.  Refer to 
appendix B for a copy of the survey form used to gather perception.  
 
 

Countries Number of people 
Singapore 60 
Malaysia 6 

USA 6 
China 3 

England 5 
Germany 4 

Philippines 3 
Holland 2 
Australia 2 
Sweden 1 
Poland 1 

United kingdom 1 
Canada 1 
Vietnam 1 
Croatia 1 
Korea 1 

TOTAL NUMBER OF PEOPLE 
SURVEYED 

100 

  
Figure 10: Breakdown of surveyed people by country 
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Figure 11: Breakdown of activities carried out in Bukit Timah Nature Reserve  

 
On-site observations and visitor count revealed a high flow of visitors entering the main dirt 
trail (Trail 3) of Bukit Timah Nature Reserve. An average of 256 visitors entered within an 
hour and a half on a weekend morning.   
 
100 visitors to Bukit Timah Nature Reserve were surveyed to provide qualitative data such 
as views of visitors and their walking habits. 56 % respondents admitted to walking off the 
assigned main trail to the side trails. A majority of respondents cited giving way to other 
oncoming visitors while the remaining respondents who veered off the assigned main trail 
did so to closer observe the flora and plants along the trails. 
 
Respondents were also questioned whether current trails were useful and sufficient in 
maintaining the soil quality. 90% respondents believed that trails preserved the soil quality 
while the remaining 10% respondents attributed other factors such as the increased use of 
rocks could affect the soil quality, soil compaction and erosion at Bukit Timah Nature 
Reserve.  
  
DISCUSSIONS & CONCLUSION 

Effects of Soil Compaction on Main Trails and Side Trails 
 
Based on chemical and infiltration tests, findings indicate that the main trails have generally 
become impermeable for water to infiltrate or seep in. This may result in serious surface 
runoff at certain sites along the main trail to side trails. Possible erosion of top soil may also 
affect the nutrient cycle. Soil fertility to a certain extent has been affected as tests on the 
main trail have shown that the levels of soil nutrients have been degraded.  
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Impermeability of top soil may also result in the accumulation of water. Sites along the main 
trail especially those on flat ground contain “puddles of water”. Caution must be exercised 
to ensure the safety of visitors as surfaces of trails maybe slippery. Plant growth is also not 
possible on main trails as soil conditions are not suitable for optimum growth. The main trail 
will function and remain as a dirt trail for walkers. 
 
Side trails are generally permeable and allow water to infiltrate into the ground. Sites 1-25 
have a wide range of infiltration rates. However, there is a possibility that sites which have 
slower infiltration rates are experiencing more soil compaction by walkers who veer off the 
main trail. Compaction of soil will intensify and fertile top soil will be eroded away. With 
continuous high flows of walkers to these sites, side trails will be widened and become take 
on similar characteristics as the main trail in terms of level of compaction and loss of 
vegetation cover. Plant growth on side trails will be affected. The expansion of side trails 
should be monitored by the management. This is especially so at sites where main trail is 
narrow and number of walkers is high.  
 
Some sites along the side trails are also susceptible to intrusion of eroded top soil or mud 
from the main trail. This may also affect the soil quality and plant growth at the side trail. 
 
 
Prevailing Walking Behaviors and Attitudes of Visitors 
 
Prevailing walking behavior by walkers may have contributed to the expansion of the main 
trail into the side trail. Top soil on the main and side trails is perhaps compacted due to 
weight and steps of visitors. More specifically, the tendency of walkers to give way to other 
incoming walkers by sidestepping to the side trail may have contributed to the expansion of 
the main trail. Compaction of soil is exacerbated by the intense frequency and use of the 
trails by the high number of walkers. The close proximity of route 3 to the main entrance of 
Bukit Timah Nature Reserve ensures the continuous likelihood of high human traffic. This 
trail should be closely monitored by the management.  
 
Indiscriminate intrusion into the side trail by walkers who are curious about the flora and 
plants along the sides of the trails is a cause of concern. The prevailing attitude of these 
walkers also indicates the lack of knowledge of the effects of their actions on soil 
compaction and plant growth. Uninformed walkers to Bukit Timah Nature Reserve imply 
that information has not been adequately transmitted to them. It is an area of concern as 
these uninformed walkers may also represent repeated visitors who frequent these main 
trails. 
 
RECOMMENDATIONS 
 
Based on the findings and perception surveys on visitors, the paper has recommended the 
following:  
 
1. Strategic positioning of trail etiquette signboards 
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More signs on trail etiquette should be strategically positioned and erected at trail entrances, 
along trail routes and pit stops. Currently, the main board on trail etiquette board is located 
at the main entrance near the Bukit Timah Centre. It was observed that many visitors fail to 
read and prefer to immediately walk on the trails.  A more detailed explanation on the 
processes and effects of soil compaction could be included on these boards. 
 
2. More On-site information on educating walkers  
 
A small poster on nutrient cycle was found at the Bukit Timah Centre. However, there was 
limited explanation on the effects of walking etiquette on soil compaction, porosity and 
nutrient cycle. By educating walkers and highlighting the effects of walking off designated 
trails, walkers will be more informed and conscious to reduce their walking “footprints”.  
 
3. More Off-site information on educating walkers  
 
Conservation efforts should also take place outside the physical location of Bukit Timah 
Nature Reserve. These include:  
 

a) Allocating a section on walking etiquette for visitors on NParks’ website; 
 

b) Allocating a section on walking etiquette for visitors on NParks’ brochures; 
 

c) Awareness campaigns and visits to libraries and schools by park rangers and park 
volunteers to educate and engage students on walking etiquette and other 
conservation efforts.  

 

END 
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Appendix A: Procedures for carrying out testing on soil compaction, soil infiltration 
and soil testing.  

SOIL TESTING (PH VALUE, NITROGEN, POTASSIUM, PHOSPHORUS) 
1) Test Tubes with caps 
2) Soil pH tesTabs 
3) pH in soil color chart 
4) Plastic spoon. 
5) Floc-Ex tablets 
6) Nitrate CTA tablet 
7) Phosphorus tablet 
8) Potassium tablet 
9) Distilled water  
10) Sieve compartment 
11) Protective sleeve 
 

Soil compaction /Soil infiltration /Collecting of soil 
1) Penetrometer 
2) Trowel 
3) Stopwatch  
4) Zip lock bag 
5) Distilled water 
6) PVC tubes 
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Methods and procedures 
 
Soil compaction: 

1) Place both hands of equal length apart. 
2) Press it down on both sides with equal amount of force consistently till it can’t go 

down anymore or till it reaches the 3cm mark. 
 

Soil collection:  
1) Use a clean trowel and collect the soil.  
2) Try not to collect large leaves, stones or sticks.  
- Do collect several small sample from the same location to ensure it to be a equal 

sample. Repeat this for all the sites.  
 
Infiltration 

1) Place a white tube near the place where soil compaction was done. 
2) Push it down till it reaches the 0 cm mark. (Ensure consistency for all sites) 
3) Hold the tube there to prevent any seepage and get someone to pour 500ml of water 

in. (Amount of water must be exactly the same in all the sites) 
4) Record down the time taken for 500ml of water to infiltrate.  
5) In cases where infiltration is slow, wait for 10 min and check the amount of water 

infiltrated into the soil. 
 

Sieve for soil testing:  
1) Place collected soil in the highest compartment  
2) Shake the sieve compartments for a minute. 
3) Collect only the finest soil for the experiment.  
- It would be best if the last column where the most fine soil is collected to be used but 

otherwise if the soil would to be finest in the second column, experiment would to be 
proceeded with the second column.  

 
pH value: 

1) Fill a test tube with 10ml of distilled water,  
2) Add 1 soil pH tesTab.  
3) Fill test tube cap with soil.  
4) Pour the soil into the test tube. 
5) Cap the tube and mix the contents by inverting 10 times. 
6) Stand test tube up right on a flat surface and let the soil settle for 1 minute. 
7) Hold the test tube against the whit part of the soil pH color cart and match the color 

of the liquid above the soil to a color on the chart 
8) Record down the readings. 

 
Starter of Nitrogen / Potassium / Phosphorus  

1) Fill the round extraction tube to the 30ml line with distilled water. 
2) Add two Floc-Ex Tablets. Cap the tube and mix until the tablets disintegrated.  
3) Remove the cap and add one heaping teaspoon of soil. 
4) Cap the tube and shake for a minute. 
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5) Let the tube stand until the soil settles out. The clear solution will then be use for the 
Nitrogen, Potassium and Phosphorus test. 

 
Nitrogen: 
1) Use the pipet to transfer the clear solution above the soil to a square test tube and fill 

till its shoulder.  
2) Add one Nitrate tablet, immediately slide the tube into the protective sleeve.  
3) Cap and mix by inverting for two minutes to disintegrate the tablets. (A bit of 

undissolved solute  may remain in the sample) 
4) Wait 5 minute for the color to develop and remove protective sleeve and compare 

against the Nitrogen color chart. 
5) Record the readings. 

 
Phosphorus 
1) Use the pipet to transfer 25 drops of clear solution above the soil to a square test tube. 
2) Fill the tube to the shoulder with distilled water. 
3) Add one phosphorus tablet. Cap and mix until the tablet disintegrates. Wait 5 minutes 

for color to form.   
4) Compare to the phosphorus chart. 
5) Record the readings. 
 
 Potassium 
1) Use the pipet to transfer the clear solution above the soil to a square test tube till its 

shoulder. 
2) Add one Potassium tablet. Cap and mix until tablet disintegrates. 
3) Compare the cloudiness of the solution in the test tube to the potassium color chart. 

Hold the tube over the black boxes in the left column and compare it to the shaded 
boxes in the right column.  

4) Record the readings. 
 
 
Example of reading using the color chart for NPK test. 
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Appendix B: Survey Form 

Forest	  conservation	  survey	  
We	  are	  a	  group	  of	  students	  from	  Marsiling	  Secondary	  School	  who	  are	  carrying	  out	  research	  
on	  forest	  conservation	  in	  Singapore.	  Please	  help	  us	  answer	  some	  short	  questions	  on	  forest	  
conservation	  in	  Bukit	  Timah	  Nature	  Reserve.	  Your	  help	  in	  the	  survey	  is	  greatly	  appreciated.	  
Please	  be	  assured	  that	  information	  collected	  will	  be	  used	  solely	  for	  academic	  purposes.	  
	  

1)	  Where	  are	  you	  from?	  (E.g.	  Singapore,	  Malaysia)	  

____________________________________________________________________	  

2)	  What	  is	  your	  age?	  

	   13-‐20	   	   21-‐30	  
	   31-‐40	   	   41-‐50	  
	  	  	   51-‐60	   	   >60	  
	  
3)	  Is	  this	  your	  first	  time	  to	  Bukit	  Timah	  Hill?	  

	   Yes	  (Proceed	  to	  question	  5)	   	   No	  (Proceed	  to	  question	  4)	  
	  
4)	  How	  often	  do	  you	  visit	  Bukit	  Timah	  Nature	  reserve?	  

	   More	  than	  once	  a	  week	   	   Once	  a	  week	  
	   Once	  a	  month	   	   Once	  a	  year	  
	   Others:_____________________	   	   	  
	  
5)	  What	  is	  the	  main	  activity	  that	  you	  engage	  in	  when	  visiting	  Bukit	  Timah	  Nature	  

Reserve?	  

	   Hiking	   	   Cycling	  
	   Running	   	   Research	  
	   Others:_____________________	   	   	  
	  
6)	  Do	  you	  feel	  that	  the	  forests	  in	  Bukit	  Timah	  Nature	  Reserve	  is	  properly	  conserved?	  

	   Yes	  (Proceed	  to	  question	  8)	   	   No	  (proceed	  to	  question	  7)	  
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7)	  If	  no,	  why?	  	  
____________________________________________________________________	  
	  
8)	  Do	  you	  feel	  the	  designated	  trails	  in	  Bukit	  Timah	  Nature	  Reserve	  are	  sufficient?	  

	   Yes,	  just	  sufficient.	   	   There	  are	  too	  many	  trails.	  
	   No,	  it	  is	  insufficient	   	   Others:_________________	  
	  
9)	  Have	  you	  ever	  walked	  off	  the	  designated	  trails	  in	  Bukit	  Timah	  Nature	  
Reserve?	  
	   Yes	  (Proceed	  to	  question	  10)	   	   No	  (Proceed	  to	  question	  11)	  
	  
10)	  What	  was	  the	  reason	  for	  walking	  off	  the	  designated	  trail?	  (You	  may	  tick	  

more	  than	  one)	  
	   Convenience	   	   Curiosity	  in	  what	  is	  outside	  the	  trail	  
	   Research	  purposes	   	   To	  give	  way	  to	  passerby	  
	   Others:	  ________________________	   	   	  
	  
11)	  Do	  you	  feel	  that	  the	  designated	  trails	  in	  Bukit	  Timah	  Nature	  Reserve	  have	  

helped	  in	  maintaining	  the	  quality	  of	  soil	  in	  the	  forest?	  
	   Yes	  (Proceed	  to	  question	  12)	   	   No	  (Proceed	  to	  question	  13)	  
	  
12)	  If	  yes,	  why?	  
________________________________________________________________	  
	  

13)	  If	  no,	  why?	  
________________________________________________________________	  
	  
	  

Thank	  you	   	  
	  


