
41 
The 5th International Conference on Agricultural and Food Engineering (CAFEi) 2021 

Abstract: This work describes the effect of different agricultural land use on 

potential soil erodibility (K) at cultivated farming areas in Cameron Highlands. 

Ordinarily, soils are assigned with K factors depending on geological properties 

only which can result into erroneous calculation of soil erosion. This study 

explores roles of different agricultural land use on the spatial variability of soil 

erodibility on hilly farms at Cameron Highlands. Soil samples, slopes and spatial 

locations were collected based on crop types being cultivated. Meanwhile, the land 

use and type of equipment for each crop are recorded and ranked depending on the 

degree of soil disturbances. The results showed that, K values are ranged from 

0.0084 to 0.0161. Shallow-root crops, such as vegetables and flowers have higher 

K values due to shallow soil rootzone and frequency of surface operations. 

However, tea cultivated areas and forests have low K values, indicating 

comparably higher ability to resist erosion. Furthermore, the erodibility factor for 

tea farms shows increasing patterns along the developmental stages while the 

reverse was found in vegetable farms. Spatial variability of the K is influenced by 

various farming operations at different growing stages and the peculiarity of each 

crop. This work demonstrated that, the soil erodibility factor can be determined 

considering the crops and stages of development, in addition to geological 

attributes. 

Keywords: Cameron highlands, Farming operations, Pedotransfer function, Soil erosion, Tillage. 

Introduction 

Soil loss due to water is a major cause of land 

degradation worldwide, particularly in high 

rainfall regions coupled with soil disturbance 

operations (Abdullah et al., 2019). The 

problem is compounded when practiced on  

 

hilly area with considerably less vegetation 

cover (Abdullah et al., 2019; Dabral et al., 

2008; Li et al., 2013; Patowary & Sarma, 

2018). Cameron Highlands is characterized 

with rampant hilly slopes and favourable 

climate conditions that allow gainful 
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agricultural production (Razali et al., 2018). 

Approximately 31 per cent of precipitation is 

lost as runoff and soils are at high risk of 

erosion due to hilly topography, low organic 

matter, and ineffective agricultural practices 

(DID, 2012). According to Abdullah et al., 

(2019), the rate of soil erosion in Cameron 

highlands ranged from 38 to 73.9 t ha-1yr-1 

which is almost four to seven times the rate of 

soil erosion considered acceptable in the rest 

of the world (Fagbohun et al., 2016). 

Therefore, preventing soil erosion in this type 

of regions is very important for maintaining 

soil productivity and general environmental 

safety.  

The measurement of soil erosion is 

challenging, particularly at a watershed scale, 

and it is time-consuming, labour intensive 

and costly (Ostovari et al., 2016). For these 

factors, soil erosion models have been 

commonly used to estimate soil losses. The 

ambiguity of water erosion processes and lack 

of data are obstacles to the implementation of 

complex soil erosion prediction models 

(Diodato et al., 2018). Consequently, the 

Universal Soil Loss Equation (USLE) which 

calculates the average annual soil loss due to 

irrigation and inter-rill erosion, has often been 

used to estimate soil loss worldwide 

(Whischmeier & Smith, 1978). Assessment of 

spatial variability of is of crucial because of 

heterogeneity nature of soil and types of soil 

operation. Soil operation such as agriculture 

and development for residential purpose 

usually led to mass deforestation and thus, 

topsoil becomes vulnerable to soil erosion by 

water or wind. Although in Malaysia, the 

wind erosion is completely eliminated due to 

high precipitation and large vegetation cover 

(Kaffashi et al., 2015). However, the water 

erosion is becoming serious particularly at 

highlands due to  the effect of climate change 

which triggers other environmental problems 

like landslides and sedimentation of 

reservoirs (Abdullah et al., 2019). 

The soil erodibility (K factor) is a 

parameter that describes the efficacy of 

raindrop splashing and runoff in dislocating 

soil particles (Didoné et al., 2017; Nasidi et 

al., 2020b). Methods for determining K are 

classified into several types: soil 

physiochemical properties, rainfall modelling, 

wind tunnel experiments and soil erosion 

experimental plots (Ostovari et al., 2016). 

The direct measurement of K using erosion 

experimental plots is considered the best way 

to estimate the K factor and to generate 

reliable soil loss predictions (Renard et al., 

1997). Prevention of soil erosion can be 

effective when soil erodibility component 

receives due attention with view to improving 

soil particle stability against erosion agent. 

This includes soil organic matter, aggregate 

sizes, infiltration, surface roughness and clay 

contents. 

 Barrow et al. (2005) reported several 

techniques for sustainable agriculture in 

Cameron Highlands such as to develop 

strategies of converting environmentally 

damaging cultivation to greener and 

sustainable. For example, tourists could be 

drawn to agritourism or ecotourism and be 

paid enough to make sustainable farming 

viable. Part of sustainable agriculture strategy 

was to assess the potentials for organic 

production growth. However, the recent 

excessive soil erosion and frequent landslides 

are attributed to unsustainable use of land 

resources particularly illegal agricultural 

practices (Abdullah et al., 2019). It was also 

reported that, there is high risk of erosion-

induced landslides in agricultural farms of 

Cameron Highlands. This indicated that both 

agricultural operations has a great influence 

on soil stability against natural disasters 

(Wayayok et al., 2018). Moreover, Pradhan 
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et al. (2012) reported that, environmental 

hazard caused by hill land development are at 

high rates, especially soil erosion which has 

occurred in many parts of the hill slopes at 

Penang Island. This hill slope erosion has led 

to landslides when not controlled for the last 

decades. Therefore, assessment of soil ability 

to withstand erosion effect is crucial 

particularly at hill slops to avoid landslides 

and related environmental hazards. 

This work aimed to determine soil 

erodibility variability due to various 

agricultural land use at farming areas of 

Cameron Highlands. The study is limited to 

assess areas cultivating four major crops, i.e., 

tea, fruits, flower, and vegetable crops, due to 

inaccessibility of some remote areas  

Materials & Methods 

Description of the Study Location 

Cameron Highlands is located at the main 

range of Peninsular Malaysia situated on 

latitude of 4°28’N, and longitude of 

101°23’E. The average temperatures are 24oC 

and 14oC during the day and night, 

respectively. The elevation ranges between 

1070 m and 1830 m above mean sea level 

with average annual precipitation of 2660 mm 

(Abdullah et al., 2019; Nasidi et al., 2020a). 

The region has two distinctive peaks of 

monthly rainfall. The first peak rainfall 

amount is normally observed in April while 

the second with higher rainfall volume occurs 

around November every year ( Mansor et al., 

2015; Ismail et al., 2020; Nasidi et al., 

2020a). The highland is regarded as an 

important source of agricultural produce for 

the country which occupies an area of 712.18 

square kilometers (Fig. 1). The area is 

surrounded by Kelantan and Perak from north 

and west respectively and has a potential for 

growing a wide variety of vegetables, 

flowers, and other ornamental plants. The 

climatic condition in the highlands provides 

opportunity for agricultural activities as the 

primary business and attracts tourists from all 

over the world. However, the gradual 

deterioration of the weather conditions 

coupled with other environmental issues 

raised an alarm for investigation (Mohd-

Ariffin et al., 2014; Mispan et al., 2015;). The 

study flow chart is presented in fig. (2). 

Soil sampling 

Seventy-two soil samples were collected from 

agricultural farms that grow either one of the 

four major crops: Tea, flower, fruits, and 

vegetables. The soil at the surrounding forest 

areas of not too far from farms were also 

sampled because of undisturbed nature of the 

forest soils. At each selected point, two soil 

samples were collected using auger and core-

sampler from top to the lower part of the crop 

root zone (20% and 60% of crop root depth) 

according to (Nasidi et al., 2014). For 

example, the depths of soil sampling are 16 

mm and 48 mm at a farm producing flower 

whose root depth is 80 mm. This was to give 

an undisturbed and good representation of 

soil around each selection point ( ASAE, 

2011; Teh, 2011; Dantala et al., 2019). 

Moreover, two samples were collected for 

each hectare of farmland making a total of 36 

hectares coverage only due to inaccessibility 

of forest areas. To preserve the soil condition, 

plastic bags were used to store all the samples 

and labelled with reference numbers. 

Furthermore, geographical coordinate of each 

sampling point was recorded using GPS 

device. Similarly, the procedures of the soil 

collection were repeated for middle and late 

growth stages of the crops at the same 

locations. 
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Fig. (1): Catchment area of Cameron Highlands. 

 

 

Fig. (2): Study flow chart 

 

The collected soil samples were 

transported to soil laboratory for analysis at 

the Department of Biological and Agricultural 

Engineering, Universiti Putra Malaysia. The 

investigations were soil particle size analysis, 

soil organic matter determination, bulk 

density, and hydrometer test. Firstly, the 

organic matter content (OM) was determined 

by placing the soil samples under 105°C 

temperature in ovum for 24 hours. The 

hydrometer test was used to determine the 

soil texture, clay, silt, and sand. These results 
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of soil test were then applied to a 

Pedotransfer model to generate soil 

erodibility status for each crop farmland. 

Thereafter, spatial erodibility map was 

generated using ArcGIS 10.5 software. 

Soil Textural Classification 

The soil particles size analysis revealed 

different textural classes of each sample 

examined. Table (1) presents the textural 

classification of the soil samples ranging from 

coarse to fine particle sizes according to an 

acceptable ranges (Weil & Brady, 2016). In 

this standard, soil with permeability rate of 

greater 50 cm/hr is considered very rapid and 

regarded as coarse-textured soil. Likewise, 

soil with permeability less than 5 cm.hr-1 is 

slow and regarded as fine-textured soil. 

Similarly, soil textural triangle was used 

to classify the soil into various categories 

depending on percentages of clay, sand, and 

silt. This classification was in accordance 

with standard of American Society of 

Agricultural Engineers (ASAE, 2011; Weil & 

Brady, 2016). In this study, the classification 

of each soil sample was based on depending 

on to their particle’s grade sizes as described 

in the textural triangle. Thereafter, the 

sampled and classified soils are assigned with 

cording from Malaysian soil manograph in 

fig. (3) as presented by (Tew, 1999). This 

manograph relates textural classification, soil 

coding and soil permeability rates. 

Determination of K using a Pedotransfer 

function 

The Pedotransfer function converts one 

variable to another and the function is used to 

translate the available data into the required 

information (Minasny et al., 2008). Although, 

the direct measurement of K using erosion 

plots is the best way to estimate the K factor 

and to generate reliable soil loss predictions 

(Renard et al., 1997). 

 

 

Table (1) Soil permeability for different textural classes (Weil & Brady, 2016) 

Textural 

Class 

Texture Permeability 

Rate 

Permeability 

Class 

Coarse gravel, coarse sand,  > 20 inches/hr Very rapid 

sand, loamy sand 6 – 20 inches/hr Rapid 

Moderately 

Course 

Coarse sandy loam, Sandy 

loam, Fine sandy loam 

2 – 6 inches/hr Moderately 

rapid 

Medium Very fine sandy loam, Loam, 

silt loam, silt 

0.6 – 2 inches/hr Moderate 

Moderately 

fine 

Clay loam, sandy clay loam, silt 

clay loam 

0.2 – 0.6 

inches/hr 

Moderately 

slow 

Fine Sandy clay, silt clay, clay 

(<60%) 

0.06 – 0.2 

inches/hr 

Slow 
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Fig. (3): Soil manograph (Tew, 1999) 

 

However, this Pedotransfer function has 

been used by many studies and provides 

promising results of estimation soil 

erodibility ( Ostovari et al., 2016; Barbosa 

et al., 2019;). The K-factor was calculated 

using Pedotransfer function which has 

been recommended by department of 

irrigation and drainage Malaysia (DID, 

2012; Minasny et al., 2008) as presented in 

Eq. (1). 

 

K =  
[2.1x10−4(12−OM%)(N1xN2)1.14 + 3.25(S−2) + (P−3)]

100
    (1) 

where, OM is percentage organic matter, 

N1 is percentage of silt + very fine sand, 

N2 is percentage of silt +very fine sand + 

sand (0.125 – 2 mm), S is soil structure 

code and P is soil permeability class 

(hydraulic conductivity). 

 

Results & Discussion 

Soil Characteristics. 

Table (2) shows the result of crop type, 

organic matter, permeability, and textural 

classification for each sampled soil. Also, 

the location of sampling areas was 

identified as Bertam, Ringlet and Lemoi. 

The highest permeability rate of 12.07 cm. 

hr-1 was found at tea cultivated farm in 

Bertam region. Furthermore, the soil 

coding is presented and ranged from 3 to 6 

dimensionless values. The result reveals 

that, most dominant soil textural classes 

are sandy loamy and clay loam and mostly 

found along Bertam and Ringlet areas  
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(Tew, 1999; ASAE, 2011; Weil & Brady, 

2016). The number of samples for each 

location were not made equal because not 

all areas produce the similar crops. For 

examples, Bertam catchment is dominated 

by vegetable and fruit production 

especially at Ringlet area. However, there 

is lower number of flower farms compared 

to Telom catchment. Similarly, the tea 

cultivation is being operated in 

commercial quantity by Boh Tea Company 

at both Telom and Bertam catchments. 

 

Table (2) Characteristics of soil parameters at different sampling points 

Soil 

ID 

Crop 

Type 

Location Area 

(ha) 

OM (%) Permeabilit

y (cm/hr) 

Soil 

Code 

Textural Class 

S1 Tea Bertam 3 23.61 12.07 3 Sandy loam 

S2 Tea Ringlet 3 18.72 10.08 4 Fine Sandy 

loam 

S3 Tea Lemoi 0.5 19.23 10.49 4 Sandy loam 

S4 Tea Tanah Rata 1 21.44 10.69 3 Sandy loam 

S5 Vegetabl

e 

Bertam 2 17.8 5.61 4 Clay loam 

S6 Vegetabl

e 

Ringlet 2 20.11 8.69 4 Sandy loam 

S7 Vegetabl

e 

Lemoi 2.5 18.3 3.99 5 Clay loam 

S8 Vegetabl

e 

Tanah Rata 3 15.4 11.02 3 Sandy loam 

S9 Fruit Bertam 3 15.3 2.18 6 Clay loam 

S10 Fruit Ringlet 2 17.75 2.74 5 Silt Clay loam 

S11 Fruit Lemoi 2.5 18.2 3.61 5 Silt clay 

S12 Fruit Tanah Rata 3 16.3 5.89 4 Sandy clay 

S13 Flower Bertam 3 14.9 9.27 4 Clay loam 

S14 Flower Ringlet 2 17.51 7.60 4 Sandy loam 

S15 Flower Lemoi 1.5 15.6 7.90 4 Sandy loam 

S16 Flower Tanah Rata 2 14.11 10.92 3 Fine sandy 

loam 
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*Note: OM – soil organic matter; Soil code, 3 = moderate, 4 = slow to moderate, 5 = slow, and 6 = very slow 

 

Soil erodibility based on type of crops 

cultivated 

In this study, the K values were computed for 

each sampled area considering the type of 

crop cultivated. The survey and soil 

assessment were conducted based of three 

levels of crop’s growth as: early (two weeks 

after germination), middle (flowering stage) 

and after harvesting stages. The soil K value 

at fruits farm gave a minimum value of 

0.0102 at initial stage of growth which 

increase drastically to maximum level of 

0.0123 at flowering stage. This value reduces 

to 0.0117 at the late stage when the crop 

yields were fully harvested. The phenomenon 

which is found similar at flower farms could 

be explained by the fact that, most of fruits 

crop in the study area have low rooting 

network to balance the effect of soil 

disturbing operations in the farms during the 

middle stages of development. This led to the 

increasing K values which indicates more soil 

susceptibility to erosion as crop development 

continues. The expectation for all the selected 

crops was that, there is high K values  at the 

beginning of crop establishment since there 

were no significant rooting system to give 

additional soil stability. Also, the level of 

organic matter is not rich enough as compared 

to both middle and late developmental stages.  

In vegetable farms, the soil K values 

increase steadily from initial planting period 

to the final stage of the crop maturity (0.0115 

– 0.013). This could be understood because 

vegetables have fragile stems and roots which 

could not offer a significant support for soil 

strength. Therefore, the surface modifications 

of soil due to farming operation will continue 

to increase susceptibility to erosion. However, 

in tea plantation the soil erodibility 

assessment shows a decreasing pattern from 

initial through middle up to the late 

developmental stages (0.0136 – 0.0112). This 

behavior of the soil could be attributed to the 

fact that, tea crop requires minimum soil 

tillage after planting and thus, the increasing 

root network couple with addition of soil 

organic matter will continue to reduce K 

value. Thus, after reaching the apex at 

flowering stage, the soil erodibility continues 

to decrease up to the late growing of the fruit. 

In comparison of tea and vegetable farms, 

the soil K values behaved in opposite to each 

other such that, soil at tea farms indicates 

decreasing pattern from initial to final stages 

of development while increasing pattern was 

observed in vegetable farms. Observation 

shows that, in vegetable farms farmers kept 

disturbing the topsoil to increase aeration and 

infiltration throughout the growing period. 

This operation leads to increasing soil 

vulnerability of soil erosion especially on 

hilly farms. Consequently, the soil erodibility 

increases throughout the farming operation 

period. Furthermore, similar patterns were 

observed for fruit and flower farms except 

that, slightly high K values were found in 

flower farms as presented in fig. (4). This can 

be attributed to the structural similarities of 

both crops that; they are usually cultivated for 

short duration without enough times for 

strong root establishment. However, there is 

frequent soil operations in fruit and flower 

cultivation to improve infiltration and 

aeration to meet crop water requirements). 

A B 
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Fig. (4): Soil erodibility based on growth stages of fruit, vegetable, flower, and tea, 

crops. 

  

Spatial Erodibility Mapping. 

This study presents spatial variability of K 

values across surveyed farms in Cameron 

Highlands (Fig. 5). Based on the main 

types of crops being cultivated in the 

region, the soil variability mapping reveals 

areas with potentially high and low 

erodibility status. The K values ranged 

from 0.0084 (commonly occurred at 

forested regions) to 0.0161 which is 

observed in farms mostly dominated by 

shallow-root crops. Although the Cameron 

Highlands catchment is dominated by 

forest and the area farms. It is seen that 

lower part of the catchment is dominated 

with farms growing fruits and vegetable 

and thus, has high erodibility. Soil 

conservation measures should be deployed 

when cultivating those farms to minimized 

potential soil erosion. Similarly, sediment 

control structures such as silt traps should 

be placed to improve aggregate stability 

and avoid excessive soil displacement. 
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Fig. (5): Soil erodibility map of Cameron Highlands. 

 

The spatial soil erodibility mapping shows 

that, Bertam catchment is most densely 

occupied with variety of agricultural crops 

and related farming activities. This could be 

the reason for high erodibility status of the 

soil which requires more attention for 

conservation measures. The relative areas of 

Telom, Bertam and Lemoi are 38%, 43% and 

19% respectively. However, large sediment 

yield variations were computed by previous 

work. it was earlier provided by (Abdullah et 

al., 2019) that, Bertam catchment produced 

highest sediments (78.54 ton/ha/year) in 

Cameron Highlands followed by Telom with 

only 38.6 ton/ha/year, even though are 

approximately of the same size. This study 

provides an explanation for the reason of high 

sediment yields produced by Bertam 

catchment since similar climate and geology 

are found but with significant differences in 
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soil K factor. 

 Abdullah et al., (2019) computed 

potential soil erosion for the Cameron 

highlands and found that Bertam catchment 

produced more sediments than other two 

catchments. The possible reasons for this 

large variation was not earlier provided. 

However, this study supplies satisfactory 

explanation for the wide discrepancy since 

erosion is largely depends on soil K factor 

(Sadeghi & Tavangar, 2015). Since, the area 

of entre catchment is relatively small and 

climate variation alone is unlikely to result 

into huge sediment yield variations. 

Moreover, the previous work used grossly 

approximated soil K factor which is too 

coarse to give detail of soil properties with 

high resolution.  

Conclusions 

This study conducted a spatial variability of 

assessment of soil erodibility (K-factor) in 

farming areas of Cameron Highlands. The 

work consisted of soil properties 

determination at cultivated area of the four 

major crops produced. It was found that the 

erodibility status is influenced by various 

farming operations at different growing 

stages and the peculiarity of each crop 

rootzone under consideration. This indicated 

a need that, the soil disturbance due to 

agricultural activities should be managed to 

achieve sustainable practices. Therefore, the 

developmental stage and type of a crop 

should be considered to estimate the soil K-

factor to avoid excessive soil loss due to 

erosion.  
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