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ABSTRACT: Mineral licks are important for animals, especially wildlife, to nourish their diets, not only 

in terms of supporting their mineral intake deficiencies but also in regulating toxins in their bodies. This 

study characterised the geochemical properties of salt licks located in Segaliud Lokan Forest Reserve 

(SLFR). Soil samples were collected from five selected salt licks in the study area. The physico-chemical 

results show that the pH of the salt-lick soil varied from slightly acidic to slightly alkaline. The percentage 

of moisture content and organic matter ranges from 25.22% to 44.78% and 0.95% to 7.83, respectively. 

The electrical conductivity reading ranges from 48.59 μS/cm to 260.88 μS/cm. The soil samples were 

digested using aqua regia and analysed using inductively coupled plasma-optical emission spectrometry 

(ICP-OES). The concentrations of Ca (1101.92 mg/kg–11551.64 mg/kg), K (910.27 mg/kg–2355.41 

mg/kg), Na (106.36 mg/kg–727.34 mg/kg), and Mg (1442.14 mg/kg–5305.13 mg/kg) in the five salt licks 

varied considerably and were higher than in the control soil samples. High chemical concentrations in 

salt licks are due to the pH of soils, which ranges from slightly acidic to slightly alkaline. 
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INTRODUCTION 

 

Salt licks are a location that is frequently visited by animals. It is a place rich in minerals animals seek to 

supplement their diets and regulate their body function (Parker et al., 2004; Blake et al., 2011; Lazarus 

et al., 2019). Salt licks can be identified from traces of animals, such as footprints on soil or bite marks 

on rock walls (Lameed & Adetola, 2012; Molina et al., 2014). There are two types of salt licks that exist  
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naturally, known as hydromorphic licks and lithomorphic licks (Panichev et al., 2013). According to 

Panichev et al. (2013), hydromorphic licks are formed by running water springs where clay rocks 

saturated with chemical concentrations become licks in water discharge areas, whereas lithomorphic licks 

are an exposure of rocks searched for and consumed by animals. Chong et al. (2005) divide the natural 

salt licks found in Peninsular Malaysia into two groups known as spring salt licks and dry land salt licks, 

whose local names vary according to location. 

 Salt licks can provide resources for animal nutrient deficiency that are difficult to obtain (Hon & 

Shibata, 2013; King et al., 2016; He et al., 2022); thus, they have been classified as important places 

within landscapes (Montenegro, 2004; Tawa et al., 2021). Salt licks are an important source of minerals 

for many species of mammals and birds in the lowland forests of Malaysia (Magintan et al., 2015). 

Previous studies of salt licks have mostly focused on the chemical properties, patterns of use, and 

interpretations of why the salt licks are frequently visited (Matsubayashi et al., 2007; Tobler et al., 2009; 

Elyau et al., 2012; Matsuda et al., 2015; Razali et al., 2020). Typical results for geochemical analysis 

studies found in salt licks content is abundant in essential elements such as calcium (Ca), potassium (K), 

sodium (Na), and magnesium (Mg) (Brightsmith & Muñoz-Najar, 2004; Lizcano & Cavalier, 2004; 

Lameed & Jenyo-Oni, 2012; Wahab et al., 2020; Sitienei et al., 2012; Griffiths, 2022). 

There hasn't been much research done on the physico-chemical and chemical composition of the 

important elements in salt lick soil in SLFR.  Thus, the study was conducted to determine the geochemical 

composition of salt lick soil from Segaliud Lokan Forest Reserve (SLFR), Sandakan Sabah. 

 

MATERIALS AND METHODS 

Study Area 

Segaliud Lokan Forest Reserve is located in Sandakan, on the eastern side of Sabah. The study area lies 

within a latitude of 05026’N to 05036’N and a longitude of 117030’E to 117036’E. The sampling stations 

for the different forest zones and compartments are given in Figure 1. This forest reserve is a logging 

area managed by KTS Plantation Sdn. Bhd. and covers approximately 57,247 hectares of land. It was 

zoned into a Natural Forest Management and Industrial Tree Plantation area. The SLFR was gazetted as 

a timber production forest in 1955 and has been managed by a few private companies to date (Wilting & 

Mohamed, 2010). The SLFR is divided by Sungai Lokan in the north, Sungai Tabalion in the south, and 

Sungai Rawog in the center, whereas the eastern area of the forest consists of part of the basin formed 

by three rivers: Sungai Lokan to the north, Sungai Rawog Besar, and Sungai Tabalion Besar to the south 

(Hasmat et al., 2020). 
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Figure 1 Map of Segaliud Lokan 

Forest Reserve, Sabah showing 

the forest zones and numbers of 

compartments.  

(Source: 

https://www.segaliudlokan.com/) 
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Figure 2 Geological map of Segaliud Lokan Forest Reserve  

(Mineral and Geoscience Department of Malaysia, 2015) 

This forest reserve is made up of the Kulapis Formation, as shown in Figure 2 (Clennell, 1991; 

Hutchison, 2005). According to Noad (1998), Kulapis Formation lithofacies consist of thick massive 

pink coarse-grained sandstone grading up to fine-grained, thick beds of featureless red mudstone, thin 

dark-red sandstone, and thin interbeds of very fine-grained red sandstone and thicker mudstone.  Kulapis 

Formation is a distinctive wholly red bed formation where all the rocks have a red colour varying from 

pink sandstones to chocolate-brown shales, probably indicating an iron-rich source, perhaps from the 

nearby uplifted ophiolite (Hutchison, 2005). 

The location of the salt licks is approximately 500 metres from the nearest gravel road. Researchers went 

by foot through the forest to reach the salt licks area, as no open access was provided. Each salt lick is 

named after the forest’s compartment where they are located. The salt lick’s site description is shown in 

Table 1. 
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Table 1: Licks, GPS coordinates, and site description. 

Licks Coordinate Site Description 

SL20 

(n=11) 

N 05O 34’ 

E 1170 32’ 

 

It is the farthest from other licks and located at the north of the research area. 

This salt lick is situated right next to an unpaved road. The slope height is 

approximately 2 to 3 metres from the road surface. Mud puddles can be seen 

on the surface of lick soils, as well as boulders scattered around the lick. The 

soil is dark in colour with no vegetation. Animal footprints were found in the 

lick. 

 

 
 

SL50 

(n=5) 

N 05O 28’ 

E 1170 31’ 

 

The salt licks are situated in the western part of the study area. This lick shows 

a flat and rocky area. Shrubs and low-canopy plants grow in the vicinity and 

are covered with vegetation. A tiny stream flows through seasonally, 

depending on the total rainfall. Gravel-sized rocks and shells are also present 

in the soil, as are weathered leaves. The soil is dark in colour. Animal 

footprints were found nearby, and leeches were also present in the area. 
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SL56 

(n=3) 

N 05O 27’ 

E 1170 33’ 

 

The salt lick area is small compared to other licks and rocky. The size of the 

rocks in the locality varies with each other. Water puddles exist on the soil 

surface as well as animal waste products. A small pool can also be seen 

forming in one place. Soil is dark in colour and available in small amounts 

with no vegetation. 

 

 
 

SL59 

(n=14) 

N 05O 26’ 

E 1170 34’ 

 

The small river stream flows through, dissecting the licks into two parts. The 

flow rate of the stream depends on the rainfall. During the summer season, 

the stream dries up, and water puddles form on the lick soil surface. This 

lick is situated near the Rawog River branch. The depth of the salt lick is 

approximately 2–3 m from the slope. Soil colours range from yellowish to 

darker brown. Greyish-black soil is also present within the lick, indicating 

the presence of carbon. Flocks of butterflies are observed, as are vegetation 

and animal footprints. 
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SL60 

(n=11) 

N 05O 26’ 

E 1170 34’ 

It takes a hike to get to the salt lick spot. Outcrops were spotted before being 

crushed by animal activities. Large boulders made up the lick vicinity, and 

puddles of water were spotted on the soil surface with no vegetation. The 

lick is approximately 2–3 m deep and darker. 

 

 

Sampling 

A total of five (5) natural mud from salt licks were found scattered in the forest. Soil sampling was 

collected using the horizontal (Photo 1) and vertical (Photo 2). Horizontal sampling is carried out by 

taking out a thin layer of the topsoil. Vertical sampling was collected using PVC pipes with a diameter 

of 10 cm and a length of 100 cm. The pipes were closed tightly using styrofoam cork to avoid 

contamination. Once the samples arrived in the laboratory, the core samples were sliced and divided 10 

cm thick accordingly. Controlled soil samples were also collected approximately 500 m away from the 

salt lick location for comparison. The control site is soil taken underneath shades of trees with zero 

influence of water. A total of forty-four (44) salt lick soil and eight (8) control soil samples were obtained. 
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Photo 1 (a) Horizontal sampling was carried out by clearing the top layer of the soil surface before taking 

soil samples. (b) Vertical soil sampling was carried out using PVC pipe hammered into the soil profile. 

Physico-chemical analysis 

The physico-chemical parameters were pH, moisture content (MC), organic matter (OM), and 

electrochemical conductivity. The pH analysis was conducted shortly after the samples arrived in the 

laboratory (BS 1377-3: 1990). The samples were air dried at 1050 for 8 hours in an oven (BS 1377-2: 

1990). The sample preparation for organic matter was conducted according to BS 1377-3:1990, where 

the samples were left overnight in a furnace at 4000 °C with the dry combustion method. Electrical 

conductivity analysis for the soil samples was determined using a 1:5 suspension of soil in water (BS 

7755-3.4:1995). 

Geochemical analysis 

Geochemical analysis for calcium (Ca), potassium (K), sodium (Na), and magnesium (Mg) in soil was 

determined by using inductively coupled plasma-optical emission spectrometry (ICP-OES) with the 

Perkin Elmer Optima model 5300DV. For the sample preparation, the soil was air dried, ground until 

powdered, and sieved through a 0.063-micrometre sieve for easier metal digestion. About 1 gramme of 

soil is weighed, added to 14 ml of aqua regia solution, and left overnight. The aqua regia were produced 

by mixing hydrochloric and nitric acid in a 3:1 ratio. The solution is then heated for 90 minutes and 

cooled down before adding 4 ml of aqua regia and heating again for 30 minutes (USEPA, 1996). The 

solution is then left to cool to room temperature, filtered through a 0.45-micrometre membrane filter, and 

diluted to 50 mL with deionized water. 

(a) (b) 
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RESULTS AND DISCUSSIONS 

Results 

Physico-chemical properties 

Table 2 shows the soil physico-chemical properties of soils in five salt licks from the study area. The 

result for pH is slightly acidic to slightly alkaline, with an average of 7.30 ± 0.08. Muddy environment 

licks (SL20 and SL60) are slightly alkaline, whereas gravelled licks are slightly acidic (SL56 and SL59). 

The SL50 lick shows an almost neutral soil pH. The moisture content, organic matter, and electrical 

conductivity were (33.88 ± 1.67%), (4.12 ± 0.30%), and (177.46 ± 4.76 uS/cm), respectively. Generally, 

silt percentage (44.79 ± 21.15%) is the main component that makes up the salt lick soil, followed by sand 

(31.66 ± 22.97%) and clay (23.45 ± 11.95%), whereas sand percentage (47.69 ± 10.28) is the highest 

particle detected in the control soil. 

 

Table 2 Physico-chemical properties (average values) of licks and control soil. 

Sampel 
SL20 

(n=11) 

SL50 

(n=5) 

SL56 

(n=3) 

SL59 

(n=14) 

SL60 

(n=11) 

Salt Lick 

Mean ± 

SD (44) 

Range 
Control 

(n=8) 

Control 

SD (8) 

pH 8.58 7.13 6.04 6.06 8.03 
7.30 ± 

0.08 

4.69-

9.49 
4.90 ± 0.07 

MC 

(%) 
26.04 38.36 36.00 44.78 25.22 

33.88 ± 

1.67 

4.84- 

61.65 
13.99 ± 0.74 

OM 

(%) 
0.95 3.80 5.27 7.83 2.41 

4.12 ± 

0.30 

0.08-

12.11 
3.05 ± 0.23 

EC 

(uS/cm) 
260.88 243.32 224.39 48.59 100.69 

177.46 ± 

4.76 

14.12- 

375.04 
38.05 ± 1.53 

Sand 

(%) 
33.56 42.79 66.79 30.73 16.29 

31.66 ± 

22.97 

4.41-

80.08 
47.69 ± 10.28 

Silt (%) 40.88 34.83 14.69 46.43 59.36 
44.79 ± 

21.15 

2.89-

82.94 
28.81 ± 6.90 

Clay 

(%) 
25.56 21.48 18.53 22.84 24.35 

23.45 ± 

11.95 

4.98-

78.48 
23.50 ± 7.29 

Texture Loam 
Sandy 

Loam 

Sandy 

Loam 

Silty 

Clay 

Loam 

Silt 

Loam 
 

 
Sandy 

Loam 
 

 

Essential element concentration 

The geochemical concentration of essential elements in each lick’s soil varies with each other (Table 3). 

Generally, lick soils contain a higher nutrient composition compared to control soil. Calcium (Ca) has  
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the highest concentration in all salt-lick soils, followed by potassium (K), magnesium (Mg), and sodium 

(Na). The SL20 and SL60 show significantly higher concentrations of Na and Mg compared to other 

licks. SL20 and SL50 are rich in Ca.  

 

Table 3 Chemical concentration (average values) of soil from salt licks. 

Sample 
Concentration (mg/kg) 

Ca K Na Mg 

SL20 (n=11) 7966.03 2355.41 615.09 5305.13 

SL50 (n=5) 11551.64 1456.29 199.60 2501.74 

SL56 (n=3) 1101.92 980.54 154.56 1442.14 

SL59 (n=14) 1914.28 910.27 106.36 1446.85 

SL60 (n=11) 3288.95 2053.73 727.34 5208.01 

Controls 

(n=8) 
1470.31 1102.05 186.73 1692.65 

 

 

Discussions 

Physico-chemical properties 

The slightly alkaline soil observed in muddy salt licks is associated with high-soluble salts. According 

to Ardahanlioglu et al. (2003), the high sodium concentration affects the soil’s overall pH value, which 

otherwise explains the lower sodium concentration in slightly acidic licks. 

The moisture content in the lick soil is also higher than in the control soils. The presence of 

seasonal small streams and water seepage cutting through the lick promotes a high percentage of moisture 

content, apart from soil texture parameter influence. Fine-textured soils have higher water retention 

ability compared to coarse-textured soils (Tufaila et al., 2016) because fine-textured soils have more pore 

space (Zacharias & Wessolek, 2007; Eluozo, 2013; Mairghany et al., 2019) and an absorptive surface, 

thus having better water holding capacity (Nurhayati, 1986; Marakkala et al., 2018). The high percentage 

of moisture content in SL50, SL56, and SL59 is presumably affecting the high organic content in the 

licks. According to Bot and Benites (2005), soil conditions that are continuously saturated with water 

will cause poor aeration in the soil, thus causing low oxygen availability. This environment will result in 

low mineralization, where organisms become less active or dead.  A prolonged water-saturated 

environment in the soil and a low decomposition rate could produce considerable organic matter. Low 

organic matter was observed in SL20 and SL60 compared to control soils. These may be due to the direct 

effect of the ungulates using the licks (Walters & Deluca, 2007), and active activities such as trampling 

in these areas cause soil compaction and further degrade soil physical properties (Greene et al., 1994). 

Othaman et al. (2020) state that the soil’s electrical conductivity values reflect the soil salinity 

(salt concentration), where the higher the electrical conductivity value, the higher the salt concentration 

in the soil, and vice versa. The SL59 shows lower electrical conductivity values, suggesting less soluble  
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salts are readily available in the soil. The low electrical conductivity value was perhaps due to good 

drainage conditions, which favoured the removal of bases by percolation (Rao et al., 2017). A small 

seasonal stream cutting through the soil affects the dilution process of mineral concentration in the soil 

(Anderson et al., 1997; Anderson & Dietrich, 2001). 

Textural variances were also observed between salt lick soils and control soils. The differences 

were influenced by the nature of the source materials and some geomorphological events that occurred 

at these locations (Molina et al., 2014). The mud salt licks show geochemical characteristics like 

weathering of rocks and other origins such as erosion of surface soil or sediments transported by water 

that are associated with the salt licks. The dissimilarities in grain size and particle content could be a 

result of the mixed structure of the mud salt licks, which continuously receive eroded materials from 

other components of the habitat both in and above the surface soil (Molina et al., 2014). 

 

Essential element concentration 

The salt lick SL50, which is almost neutral soil, shows a high concentration of calcium. This is due to 

the fact that the parent rock that made up the study area is calcareous lithic arenite sandstone (Hutchison, 

2005), which is rich with calcium. According to Hutchison (2005), calcitic concretions are common in 

the thicker sandstone beds of Kulapis Formation.  He also states that the sandstones are quartz-rich and 

contain plagioclase and chert grains. Thus, the co-existence of calcium elements and quartz in 

equilibrium may give rise to the neutral soil pH obtained in SL50. The existence of high calcium content 

in alkaline soils is influenced by the decomposition processes of animals, microorganisms, and plants. 

The decomposition process will cause calcium to be mineralized and released back into the soil (Attiwill 

& Adams, 1993). Mineralization rates are large and differ significantly among tree species, affecting the 

spatial pattern of soil acidity and calcium availability in a mixed-species forest stand (Dijkstra, 2003). A 

greater calcium concentration also indicates a higher clay content in the soil (Espinoza et al., 2012). 

 Potassium was found to be low in gravelled licks (SL 50 and SL 56) compared to muddy 

environments (SL 20 and SL 60). Mengel et al. (2001) state that the concentration of potassium in soil 

depends on the type of clay minerals present. In humid areas, illite was accompanied by vermiculite and 

smectite as the K+ (Shakeri & Abtahi, 2018). Potassium in acidic soil is low in concentration. Acidic 

soils are abundant with H+ and Al3+. During soil acidification, cations of calcium, magnesium, 

potassium, and sodium are leached out with rainwater and replaced by hydrogen and aluminium (Filipek, 

2011). 

According to Fang et al. (2021), high concentrations of salt and high pH often occur 

simultaneously in nature. Even though the soil contains a high concentration of soluble calcium, 

magnesium, and potassium salts, the predominant cause of salinity in soils is sodium salts (Rengasamy, 

2006).  Thus, the sodium concentration in SL20 and SL60 can be considered the predominant minerals 

in both licks, which are alkaline in nature. Acidic licks (SL56 and SL59) show almost similar nutrient 

concentrations to each other and are in the same range as control soils.  Both of the salt licks are also 

influenced by water flows dissecting the licks. Continuous stream flows cause the elements to leach from  

Siti Nur Anisa Mohamad Maidin, Ismail Abd Rahim & Baba Musta 
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soils to the water body (Addiscott & Wagenet, 1985; Roos & Åström, 2005; Saarinen & Kløve, 2012) 

and carry away, thus the relatively low nutrient concentration compared to other licks.  

 Magnesium concentrations are higher in salt licks SL20, SL50, and SL60 compared to other salt 

licks and control soils. Generally, magnesium and calcium share the same element reaction for ion 

exchange (Mikkelsen, 2010).  According to Wang et al. (2020), exchangeable magnesium concentration 

in acidic soil were low. This is because, relative to base ions, hydrogen ions and aluminium ions were 

more prevalent in acidic soil and trapped there by the clay colloid. Noticeable variation in element 

concentration from the five licks suggests that each lick serves different purposes in supplying nutrients 

for animal usage (Ayotte et al., 2006; Molina et al., 2014).  

 Table 4 compares the mineral concentrations reported in previous studies with the present study. 

Overall, salt licks located in Sabah (Deramakot Forest Reserve and Segaliud Lokan Forest Reserve) are 

higher in mineral concentration compared to salt licks found scattered in Sarawak. A comparison within 

local salt licks shows that the mineral concentration found in this study is higher than the salt lick found 

in Deramakot Forest Reserve, with the exception of potassium and magnesium concentrations, which are 

a bit lower. Interestingly, both of these forest reserves are located in the same formation, which is the 

Kulapis Formation. This proves that although the area is made up of the same rock formation, the soil 

formed from the weathering processes varies with mineral concentration. 

 

Table 4 Chemical concentration (average values) of soil from salt licks. 

Salt Lick Location 
Concentration ranges (mg/kg) 

Ca K Na Mg 

Deramakot Forest 

Reserve, Sabah 

Matsubayashi et. al 

(2007) 

700 - 4400 1300 – 10060 200 – 600 1200 – 8600 

Central to interior 

parts of Sarawak 

(Siong, 2020) 

Nd – 1017 454 - 1834 Nd - 136 450 - 3627 

Segaliud Lokan 

Forest Reserve (This 

Study) 

1101 - 11551 910 - 2355 106 - 727 1442 - 5305 

Nd – not detected 

 

CONCLUSION 

 

It was found that each salt lick in Segaliud Lokan Forest Reserve (SLFR) varies in physico-chemical 

composition and geochemical concentration. The salt lick soil’s pH ranges from slightly acidic to slightly 

alkaline. The high moisture content in the salt lick’s soil is the result of the occurrence of a seasonal 

stream with the support of a fine-grained texture that has high water retention abilities. The prolonged 

condition of water-saturated soil will cause anaerobic reactions and yield a considerable amount of  
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organic matter in the soil. The salt lick’s soils also show a high electrical conductivity value, reflecting 

the abundance of salt found in the soil. The chemical concentration in Salt Lick’s soils was higher 

compared to control soils. The abundance of calcium and magnesium, as well as elevated potassium and 

sodium concentrations in salt-licked soil, serve as sources of nutrients. 

 

ACKNOWLEDGEMENT 

 

The authors would like to thank KTS Plantation Sdn. Bhd. and Universiti Malaysia Sabah for the 

financial support with matching grants (Code Project GKP0023-2018) and internal grants from UMS 

with Code GUG0469-1/2020. All laboratory work has been done in the laboratories at the Faculty of 

Science and Natural Resources and Centre of Instrumentation and Science Services, Universiti Malaysia 

Sabah (UMS), Kota Kinabalu, Sabah. 

 

REFERENCES 

 

Addiscott, T. M., & Wagenet, R. J. 1985. Concepts of solute leaching in soils: a review of modelling 

approaches. Journal of soil science. 36(3): 411-424. 

Anderson, S. P. & Dietrich, W. E. .2001. Chemical weathering and runoff chemistry in a steep headwater 

catchment. Hydrological. Processes. 15(10): 1791–1815. 

Anderson, S. P., Dietrich,W. E., Torres, R., Montgomery, D. R. and Loague, K. 1997. Concentration 

discharge relationships in runoff from a steep, unchanneled catchment. Water Resources Research. 

33(1): 211–225. 

Ardahanlioglu, O., Oztas, T., Evren, S., Yilmaz, H., & Yildirim, Z. N. 2003. Spatial variability of 

exchangeable sodium, electrical conductivity, soil pH and boron content in salt-and sodium-affected 

areas of the Igdir plain (Turkey). Journal of Arid Environments. 54(3): 495-503. 

Attiwill, P. M., & Adams, M. A. 1993. Nutrient cycling in forests. New phytologist. 124(4): 561-582. 

Ayotte, J. B., Parker, K. L., Arocena, J. M. and Gillingham, M. P. 2006. Chemical composition of lick 

soils: functions of soil ingestion by four ungulate species. Journal of Mammalogy. 87(5): 878-888. 

Blake, J. G., Mosquera, D., Guerra, J., Loiselle, B. A., Romo, D. and Swing, K. 2011. Mineral licks as 

diversity hotspots in lowland forest of eastern Ecuador. Diversity. 3(2): 217-234. 

Bot, A. & Benites, J. 2005. The importance of soil organic matter: Key to drought-resistant soil and 

sustained food production. Food & Agriculture Organization. 80. 

Brightsmith, D. & Muñoz-Najar, R. A. 2004. Avian geophagy and soil characteristics in southeastern 

Peru. Biotropica. 36(4): 534–543. 

British Standard (BSI). 1990. BS1377: British Standard Methods of Tests for Soils for Civil Engineering 

Purposes (London: British Standard Institution (BSI)). 

British Standard (BSI). 1995. BS7755: Soil quality. Chemical methods. Determination of the specific 

electrical conductivity. London: British Standard Institution (BSI). 

Chong, M.H.N., Tang, S.H. and Suksuwan, S. 2005. Management recommendations for wildlife salt 

licks with particular reference to Sira Air Hangat at Ulu Muda Forest Reserve, Kedah. Petaling 

Jaya: World Wide Fund for Nature Malaysia. 

https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Mu%C3%B1oz%E2%80%90Najar/Romina+Arambur%C3%BA


14 | P a g e                                              https://jurcon.ums.edu.my/ojums/index.php/borneo-science                                     
 

Siti Nur Anisa Mohamad Maidin, Ismail Abd Rahim & Baba Musta 

 

Clennell, B. 1991. The origin and tectonic: significance of mélanges in Eastern Sabah, Malaysia. Journal 

of Southeast Asian Earth Sciences. 6: 407-429. 

Department of Minerals and Geoscience. 2015. Geological Map of Sabah Malaysia 4th Ed. Scale 

1:500,000. 

Dijkstra, F. A. 2003. Calcium mineralization in the forest floor and surface soil beneath different tree 

species in the northeastern US. Forest Ecology and Management. 175(1-3): 185-194. 

Eluozo, S. N. 2013. Predictive model to monitor the rate of bulk density in fine and coarse soil formation 

influenced variation of porosity in coastal area of Port Harcourt. American Journal of Engineering 

Science and Technology Research. 1(8): 115-127 

Elyau, A., Siefer, L. and Ocaido, M. 2012. Physical and chemical characteristics of animal natural salt 

lick soils in Lake Mburo National Park, Uganda. The African Journal of Animal & Biomedical 

Sciences. 7(2): 60-72. 

Espinoza, L., Slaton, N. A. and Mozaffari, M. 2012. Understanding the numbers on your soil test report. 

University of Arkansas. 

Fang, S., Hou, X., & Liang, X. 2021. Response mechanisms of plants under saline-alkali stress. Frontiers 

in Plant Science. 12: 667458. 

Filipek, T. 2011. Liming, effects on soil properties. Encyclopedia of agrophysics. 425-428 

Greene, R. S. B., Kinnell, P. I. A. and Wood, J. T. 1994. Role of plant cover and stock trampling on 

runoff and soil-erosion from semi-arid wooded rangelands. Soil Research. 32(5): 953-973. 

Griffiths, B. M., Jin, Y., Griffiths, L. G. and Gilmore, M. P. 2022. Physical, landscape, and chemical 

properties of Amazonian interior forest mineral licks. Environmental Geochemistry and Health. 1-

14. 

Hasmat, N., Mojiol, A. R., Rashid, R. A., Goh, C., Liau, P., John, S. V. and Linus, J. 2020. Possibility of 

Segaliud Lokan Forest Reserve (SLFR), Sandakan as Nature Tourism Attraction. IOP Conference 

Series: Earth and Environmental Science. 549(1): 012089 

He, X., Wen, Z., Wang, Y., Feijó, A., Fu, Q., and Ran, J. 2022. Ecological significance and risks of 

mineral licks to mammals in a nature reserve on the Eastern Qinghai-Tibet Plateau. Ecosystem Health 

and Sustainability. 2052764. 

Hon, J., & Shibata, S.2013. Temporal partitioning by animals visiting salt licks. International Journal of 

Environmental Science and Development. 4(1): 44. 

Hutchison, C.S. 2005. Geology of North-West Borneo Sarawak, Brunei and Sabah. Elsevier B.V. 

Netherlands. 

King, A., Behie, A. M., Hon, N. and Rawson, B. M. 2016. Patterns of salt lick use by mammals and birds 

in northeastern Cambodia. Cambodian Journal of Natural History. 40. 

KTS Plantation Sdn Bhd | KTS Plantation. (n.d.). https://www.segaliudlokan.com/ 

Lameed, A. G. & Adetola, J. O. 2012. Species-Diversity utilization of salt lick sites at borgu sector of 

kainji lake national park, Nigeria. Biodiversity enrichment in a diverse world. 35-62. 

Lazarus, B. A., Shah, M. M. A. H., Hamdan, A., Hassan, A. N., Mohammad, M. S., Hassim, H. A., Noor, 

M. H.M., Azizan, T. R. P. T & Ahmad, H. 2019. Topographical differences impacting wildlife 

dynamics at natural saltlicks in the Royal Belum rainforest. Asian Journal of Conservation. 

Biology. 8(2): 97-101. 
 

 

https://www.segaliudlokan.com/


15 | P a g e                                              https://jurcon.ums.edu.my/ojums/index.php/borneo-science                                     
 

Geochemical Characteristics of Tropical Salt Licks in Segaliud Lokan Forest Reserve, Sandakan, Sabah Malaysia 

 

Lizcano, D.J. & Cavelier J. 2004. Chemical characteristics of salt licks and feeding habits of mountain 

tapir (Tapirus pinchaque) in the Central Andes of Colombia. Maztozoologia Neotropical. 11: 

193–201.  

Magintan, D., Illias, R., Ismail, A., Jawing, A., Rasdi, I. and Sanusi, M. M. 2015. A preliminary 

observation of mammals and other species visiting artificial salt licks in Peninsular Malaysia. Journal 

of Wildlife and Parks. 30: 59-74. 

Mairghany, M., Yahya, A., Adam, N. M., Su, A. S. M., Aimrun, W., and Elsoragaby, S. 2019. Rotary 

tillage effects on some selected physical properties of fine textured soil in wetland rice cultivation in 

Malaysia. Soil and Tillage Research. 194: 104318. 

Marakkala Manage, L. P., Greve, M. H., Knadel, M., Moldrup, P., De Jonge, L. W. and Katuwal, S. 

2018. Visible‐near‐infrared spectroscopy prediction of soil characteristics as affected by soil‐water 

content. Soil Science Society of America Journal. 82(6): 1333-1346. 

Matsubayashi H, Lagan, P., Majalap, N., Tangah. J., Sukor, J. R. A. and Kitayama, K. 2007. Importance 

of natural licks for the mammals in Bornean inland tropical rain forests. Ecological Research. 22(5): 

742–748. 

Matsuda, I., Ancrenaz, M., Akiyama, Y., Tuuga, A., Majalap, N. and Bernard, H. 2015. Natural licks are 

required for large terrestrial mammals in a degraded riparian forest, Sabah, Borneo, 

Malaysia. Ecological research. 30(1): 191-195. 

Mengel, K., Kirkby., E. A., Kosegarten, H. and Appel, T. 2001. Principles of Plant Nutrition. 

Springer, Dordrecht. 553-571.  

Mikkelsen, R. 2010. Soil and fertilizer magnesium. Better crops. 94(2):26-28. 

Molina, E., León, T.E. and Armenteras D. 2014. Characteristics of natural salt licks located in the 

Colombian Amazon foothills. Environmental Geochemistry and Health. 36(1):117–129 

Montenegro, O. L. 2004. Natural Licks as keystone resources for wildlife and people in Amazonia. A 

dissertation presented to the graduate School in partial fulfillment of the requirements for the degree 

of Doctor in Philosophy. University of Florida. 

Noad, J.J. 1998. The sedimentary evolution of the Tertiary of eastern Sabah, northern Borneo. PhD 

thesis. University of London. 

Nurhayati Hakim., M.Y., A.M. Nyak Pa., S.G. Lubis, M.A. Nugroho, G.B. Diha, H.H. Hong and Bailey, 

1986. Dasar-dasar Ilmu Tanah. Penerbit Universitas Lampung.  

Othaman, N. C., Isa, M. M., Ismail, R. C., Ahmad, M. I. and Hui, C. K. 2020. Factors that affect soil 

electrical conductivity (EC) based system for smart farming application. AIP Conference 

Proceedings. 2203(1): 020055 

Panichev, A. M., Golokhvast, K. S., Gulkov, A. N and Chekryzhov, I. Y. 2013. Geophagy in animals 

and geology of kudurs (mineral licks): A review of Russian publications. Environmental 

Geochemistry and Health. 35(1): 133–152. 

Parker, K. L., Ayotte, J. B., Board, M. K. A. and Fund, M. K. T. 2004. Ecological importance of mineral 

licks in the Tuchodi watershed, north-central British Columbia. Natural Resources and 

Environmental Studies, University of Northern British Columbia Prince George, British Columbia 

V2N 4Z9. 

Rao, P. S., Thomas, T. and David, A. 2017. Soil Chemical Properties and Available Macronutrients in 

Silt Clay Loam and Sandy Clay Loam Soil. Chemical Science Review and Letters. 6(22): 899-905. 



16 | P a g e                                              https://jurcon.ums.edu.my/ojums/index.php/borneo-science                                     
 

Siti Nur Anisa Mohamad Maidin, Ismail Abd Rahim & Baba Musta 

 

Razali, N. B., Shafie, M. S. H., Jobran, R. A. M., Karim, N. H. A., Khamis, S., Mohd-Taib, F. S., Nor, 

S.M. Ngadi, E., Razali, S. H. A. Husin, S. M. and Hussein, M. S. R. (2020). Physical factors at salt 

licks influenced the frequency of wildlife visitation in the Malaysian tropical rainforest. Tropical 

Zoology. 33(3): 83 – 96. 

Reitemeier, R. F. 1957. Soil potassium and fertility. The Yearbook of Agriculture. States Department of 

Agriculture Washington. 

Rengasamy, P. 2006. World salinization with emphasis on Australia. Journal of experimental 

botany. 57(5): 1017-1023. 

Roos, M. & Åström, M. 2005. Hydrochemistry of rivers in an acid sulphate soil hotspot area in western 

Finland. Agricultural and Food Science. 14(1): 24-33. 

Saarinen, T. S. and Kløve, B. 2012. Past and future seasonal variation in pH and metal concentrations in 

runoff from river basins on acid sulphate soils in Western Finland. Journal of Environmental Science 

and Health, Part A. 47(11): 1614-162 

Shakeri, S., & Abtahi, S. A. 2018. Potassium forms in calcareous soils as affected by clay minerals and 

soil development in Kohgiluyeh and Boyer-Ahmad Province, Southwest Iran. Journal of Arid 

Land. 10(2): 217-232. 

Sim, S. F., Azlan, J. M., Abdul, N. A. H. M., Rahman, S. L. and Kang, P. L. 2020. Mineral Characteristics 

of Tropical Salt Licks in Sarawak, The Northwest of Borneo Island. Journal of Sustainability Science 

and Management. 15(8): 53-62 

Sitienei, A. J., Ge, J. W., Ngene, S. M., De La Paix, M. J. and Waweru, F. 2012. Analysis in the 

concentration, determination and comparison of some mineral elements in the natural salt-licks 

utilized by elephants: Mt. Elgon National Park case study. Advanced Materials Research. Trans Tech 

Publications Ltd. 356: 1796-1800  

Tawa, Y., Sah, S. A. M. and Kohshima, S. 2021. Salt-lick use by wild Malayan tapirs (Tapirus indicus): 

behavior and social interactions at salt licks. European Journal of Wildlife Research. 67(5): 1-9. 

Tobler, M.W., Carrillo-Percastergui, S.E. and Powell G. 2009. Habitat use, activity patterns and use of 

mineral licks by five species of ungulate in South-Eastern Peru. Journal of Tropical Ecology. 25(3): 

261–270 

Tufaila, M., Leomo, S. and Mpia, L. 2016. Physical and chemical characteristic of soil that is developing 

on Alangga and Meluhu geological formation in various land use in Endanga Watershed, South East 

Sulawesi, Indonesia. Advances in Environmental Biology. 10(2): 1-5. 

U.S. EPA. 1996. Method 3050B: Acid digestion of sediments, sludges and soils (Washington, DC: 

Environmental Protection Agency). 

Wahab, M. K. A., Alarape, A. A., Halidu, S. K. and Idowu, I. A. 2020. Salt lick potentials in Ecotourism 

Management of Borgu Sector: Kainji Lake National Park, Nigeria. International Journal of 

Environment, Agriculture and Biotechnology. 5(1). 

Walters, D. K. & DeLuca, T. H. 2007. Salt-Lick–Induced Soil Disturbance in the Teton Wilderness, 

USA. Rangeland Ecology & Management. 60(6): 675-679. 

Wang, Z., Hassan, M. U., Nadeem, F., Wu, L., Zhang, F. and Li, X. 2020. Magnesium fertilization 

improves crop yield in most production systems: a meta-analysis. Frontiers in plant science. 1727 

Wilting, A. and Mohamed, A. 2010. Wildlife surveys in Segaliud-Lokan Forest Reserve Final Report. 

http://www.forest.sabah.gov.my/tangkulap/PDF/KTS_Final_report_ConCaSa.pdf 



17 | P a g e                                              https://jurcon.ums.edu.my/ojums/index.php/borneo-science                                     
 

Geochemical Characteristics of Tropical Salt Licks in Segaliud Lokan Forest Reserve, Sandakan, Sabah Malaysia 

 

Wing-Shen, L., Pui-Mu, Y., Mojiol, A. R., Goh. C., Liau, P., Yi-Chuang, L. and John, S. V. 2020. 

Feasibility of Natural Salt-licks for Wildlife-Watching in Segaliud-Lokan Forest Reserve, Sandakan, 

Sabah. IOP Conference Series: Earth and Environmental Science. 549(1): 012041 

Zacharias, S. & Wessolek, G. 2007. Excluding organic matter content from pedotransfer predictors of 

soil water retention. Soil Science Society of America Journal. 71(1): 43-50. 

 

 

 

 

 


