
 
 

  

Preliminary assessment of RSPO’s 

recommendations for soil erosion control 

measures 
A science-for-policy paper by the SEnSOR programme 

 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

1 

Preliminary assessment of 

RSPO’s recommendations for 

soil erosion control measures  
A science-for-policy paper by the SEnSOR programme 

 

 

Lead author: Dr Joe Acton, Lancaster University, UK   w.acton@lancaster.ac.uk  

Contributing authors: Professor Nick Hewitt and Dr Nick Chappell, Lancaster University, UK; 

Professor Rory Walsh, University of Swansea, UK 

Comments kindly provided by: Professor L. A. (Sampurno) Bruijnzeel, Vrije Universiteit, The 

Netherlands; Professor Ian Douglas, University of Manchester, UK; Sam Higton, University of 

Swansea, UK; Dr Jennifer Lucey, University of York, UK; Professor Roy Sidle, University of the 

Sunshine Coast, Australia  

 

June 2016 

The project was funded by the RSPO 

 

 

 

 

 

 

 

 

Cover photo: J. Acton 

 

 

 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

2 

 

Key messages 
 

 

The Roundtable on Sustainable Palm Oil’s (RSPO) Principles and Criteria together 

with the detailed best management practices (BMP) document provided for peat 

soils and draft BMP for riverine buffers address ways to mitigate soil erosion. This 

report identifies those Principles and Criteria that are both detailed and consistent 

with scientific evidence and those where further development is required. 

 

Recommendations for targeted improvements to RSPO Principles and Criteria and 

BMP for the mitigation of soil erosion are: 

1. The RSPO’s guidelines recognize the importance of protecting soil on slopes 
and recommend a maximum slope gradient for planting. However, this slope 
should always be defined over a given area. 
 

2. A terrace construction and maintenance programme should specified, akin 
to the road maintenance programme set out in RSPO Principle 4.3.3. 

 
3. Principle 4.3.3 (a road maintenance programme shall be in place) should be 

expanded to provide best management practices for road and drain 
maintenance and construction or links should be provided to best 
management practices detailed elsewhere. Particular attention should be 
paid to areas where roads/tracks and waterways meet.  
 

4. The RSPO’s guidelines highlight the importance of protecting fragile soils. A 
clear definition of what constitutes a fragile soil or a list of fragile soils should 
be developed.  

 
5. Best management practices for growing oil palm on fragile soils should be 

provided for all fragile soils identified. 
 

6. There has been little scientific research on soil erosion in oil palm plantations 
so current guidelines for erosion control are reliant on research carried out in 
other landscapes. In order fully to understand soil erosion from oil palm 
plantations and to test the effectiveness of erosion control measures further 
research into rates of erosion, sediment sources and sediment delivery within 
oil palm plantations is needed.  
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Scope of the report 
 

The Roundtable on Sustainable Palm Oil (RSPO) Principles and Criteria set out the 

standards against which accredited oil palm producers are certified (RSPO, 2013). This 

report provides a critical assessment of the guidance and recommendations for soil 

erosion control set out within the RSPO’s Principles and Criteria (see Appendix 3) and 

supporting documents. 

This report was prepared following a review of peer-reviewed scientific literature as 

well as government, NGO and industry reports to identify the drivers of soil erosion 

within oil palm estates. The RSPO Principles and Criteria for erosion control were then 

assessed against the scientific literature and the guidelines for erosion control 

provided by both government and non-governmental organisations in tropical 

regions. Because of the paucity of observational studies directly relating to soil 

erosion within oil palm plantations, however, the report has also drawn on research 

from other types of plantations, logged forest and agricultural systems in the tropics. 

A full list of all the documents reviewed, arranged by landscape feature is given in 

Appendix 1. 
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Rationale 
 

Soil erosion represents a threat to the medium to long term sustainability and viability 

of oil palm plantations. Soil erosion reduces the integrity and fertility of soil leading to 

lower agricultural and agroforest productivity and therefore increase the need for 

fertilizers. Downstream from the site of erosion, the enhanced delivery of fine 

sediments can reduce the channel capacity leading to increased flood risk, and have 

adverse impacts water upon quality via greater turbidity and nutrient concentrations 

(Henley et al., 2000; Aylward, 2004; Morgan, 2005; Tan-Soo et al. 2016). Increased 

deposition of sediments can impair drainage network infrastructure within plantation 

estates and lead to higher maintenance costs. Also losses of organic carbon from soils 

due to enhanced surface erosion and mass movement can affect the productivity of 

soils, decrease carbon storage and increase the emission of greenhouse gases.  

 

The quantification of soil erosion and sediment loss in the tropics is greatly 

complicated by the highly episodic nature of erosion (and mass movements), with 

most erosion and mass movements occurring as a result of large storms (Douglas et 

al. 1999; Sidle et al., 2006). There have been few studies reporting soil erosion from 

oil palm plantations but a review of plot studies by Hartemink (2006) revealed values 

ranging from 100 to 7800 t km-2 y-1 with rates depending on soil type and slope angle.  

 

The RSPO Principles and Criteria provide a range of guidelines for the control of soil 

erosion within oil palm plantations; this report aims to assess consistency of these 

criteria with observational evidence of erosion processes presented in peer-reviewed 

scientific publications. 
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Key terms 
 

 

Soil erosion - the detachment of soil particles from the soil mass followed by their 

transport by wind or water (Morgan, 2005); see Appendix 2 for a detailed description. 

 

Fragile soils – the RSPO’s Principles and Criteria do not define fragile soils, but include 

peat soils, mangrove and other wetland areas. The RSPO’s Principles and Criteria 

identify sandy soils, low organic content soils, and potential or actual acid sulphate 

soils as being potentially fragile, but again these terms are not defined in terms of 

threshold values of % sand, % organic content and acid sulphate. 

 

Indicators and guidance – specific actions identified in the RSPO Principles and 

Criteria (RSPO, 2013) which must be carried out in order to demonstrate the criterion 

has been achieved.  

 

Landslide – The mass movement movement of soil or rock down a slope. 

 

Principles and Criteria – the standards against which RSPO accredited producers are 

assessed (RSPO, 2013). 

 

Riparian buffer zones – strips of natural vegetation of varying widths along streams, 

rivers and lakes surrounded by areas of non-natural vegetation such as modified 

forest or plantations. 

 

Turbidity – the ability of water to transmit light which is limited by suspended 

sediment.  
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Erosion control measures within 

the RSPO Principles and Criteria 
 

 

Measures to control soil erosion are predominantly discussed within the RSPO’s 

Principles and Criteria under Principle 4: use of appropriate best practices by growers 

and millers (p15 in RSPO, 2013) and Principle 7: responsible development of new 

plantings (p47 in RSPO, 2013). However, erosion control measures are also covered 

under Principles 5: environmental responsibility and conservation of natural resources 

and biodiversity (p25 in RSPO, 2013) and 8: commitment to continuous improvement 

in key areas of activity (p58 in RSPO, 2013). The RSPO’s Principles and Criteria relevant 

to soil erosion are set out in full in Appendix 3.  

 

For this report, the RSPO indicators covering erosion control have been grouped into 

five distinct landscape features: 

 

Minimising erosion from steep terrain - covering Indicators: 4.3.2 (“a 

management strategy shall be in place for planting on slopes above a certain limit 

(this needs to be soil and climate specific)”) and 7.4 (“Extensive planting on steep 

terrain, and/or fragile soils, including peat is avoided”). 

 

Cover crops - covering Indicator 4.3.4 (“subsidence of peat soils shall be minimized 

and monitored. A documented water and ground cover management program shall 

be in place”) and advice within the guidance provided for Principle 4.3 (“practices 

minimise and control erosion and degradation of soils”). 

 

Minimising erosion from roads - covered by Indictor 4.3.3 (“a road 

maintenance program shall be in place”). 

 

Protecting riparian buffer zones - covered by Indicator 4.4.2 (“protection of 

water courses and wetlands, including maintaining and restoring appropriate riparian 

and other buffer zones (refer to national best practice and national guidelines) shall 

be demonstrated”). 
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7 

 

Prevention of the erosion and degradation of fragile soils covering 

Indicators: 4.3.1 (“maps of any fragile soils shall be available”), 4.3.4 (“subsidence of 

peat soils shall be minimized and monitored. A documented water and ground cover 

management program shall be in place”), 4.3.5 (“drainability assessments shall be 

required prior to replanting on peat to determine the long-term viability of the 

necessary drainage for oil palm growing”), 4.3.6 (“a management strategy shall be in 

place for other fragile or problem soils (e.g. sandy, low organic matter, acid sulphate 

soils)”), 7.2 (“soil surveys and topographic information are used for site planning in 

the establishment of new plantings, and the results are incorporated into plans and 

operations”) and 7.4 (“extensive planting on steep terrain, and/or fragile soils, 

including peat is avoided”). 

 

Here, the RSPO’s recommendations for erosion control within these five landscape 

conservation foci are assessed, with a full reference list of research consulted for 

each landscape type listed in Appendix 1. The report then considers the preparation 

of Environmental Impact Assessments (EIAs) which underpin the landscape scale 

actions described above. The preparation of these EIAs is discussed in the RSPO 

Principles and Criteria discuss under Indicators: 5.1 (“aspects of mill and plantation 

management, including replanting, that have environmental impacts are identified 

and plans to mitigate the negative impacts and promote the positive ones are made, 

implemented and monitored, to demonstrate continual improvement”) and 7.1 (“a 

comprehensive and participatory independent social and environmental impact 

assessment is undertaken prior to establishing new plantings or operations, or 

expanding existing ones, and the results incorporated into planning, management 

and operations”). 
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Minimising erosion from steep terrain 

Soil in steep terrain is usually more vulnerable to erosion than that on less steep slopes 
(Morgan, 2005; Hartemink, 2006).  
 

The RSPO Principles and Criteria recommend that a management strategy is in place for planting 

on slopes above a certain gradient (Principle 4.3.2) and that extensive planting on steep terrain is 

avoided (Principle 7.4). The national interpretation for Malaysia defines steep terrain as an area 

of 25 ha with an average gradient greater than 25° and prohibits planting on this land (RSPO 

MYNI-TF, 2015). The Indonesian national interpretation of these guidelines refers readers to the 

Indonesian Government’s good agricultural practices for oil palm plantations (Indonesian 

Ministry of Agriculture, 2011) which state that planting is forbidden on slopes greater than 40 % 

(~22°). However they do not define the area over which the gradient should be averaged. A single 

value for slope, without stating the area across which it should be averaged, is inadequate as 

magnitude of a mean slope angle declines markedly with the size of the area averaged. For 

terrain with a gradient between 9° and 25° the RSPO’s guidelines state that soil conservation 

measures (e.g. terracing, platforms, cover crop, etc.) should be applied. As long as the terracing 

is well constructed, this approach is broadly consistent with current scientific research which 

indicates that the maximum slope appropriate for bench terracing is in the range 15 - 35° 

(Critchley, 2004). 

Within oil palm plantations, over land flow is reduced and bare soil and slopes are commonly 

stabilised using cover crops and by the construction of terraces. Terraces have been shown to 

reduce erosion.  For example, Sheng (1988) showed that in a Jamaican agricultural system over a 

4 year period erosion from bench terraces with continuous mounds was 17 t ha-1 compared to 133 

t ha-1 in an unterraced control plot. Terraced hill sides can, however, still be an important source 

of sediment (van Dijk et al., 2005). Although terraces can reduce erosion on steep slopes, it is 

important that they are well constructed and regularly inspected for signs of soil erosion, with 

rapid corrective action taken where signs of erosion are detected (Paramananthan, 2013) as 

poorly constructed and managed terraces can increase the risk of landslides (Sidle et al., 2006).  

Erosion caused by landslides may, in part, be limited through avoiding planting on very steep 

terrain. It is also important to avoid reducing root cohesion on steep hill sides and the diversion 

of road drainage onto vulnerable slopes as this leads to an increase in water pressure within soil 

pores increasing the chance of slope failure (Sidle et al., 2006).  

The research discussed here has predominantly been carried out in logged forest or agricultural 

areas. As it is hard to generalise across different land cover types, it is important that sediment 

sources within oil palm plantations are identified and quantified and that the effectiveness of 

erosion control measures is assessed by observations in plantations.   

The RSPO’s Principles and Criteria address the main issues discussed within the scientific 

literature and, until more detailed studies have been undertaken within oil palm 

plantations, it is difficult to offer more precise guidance to plantation managers. In areas 

where terracing is necessary, the RSPO’s guidelines could be strengthened by recommending 

a terrace construction and maintenance program is put in place so that erosion hotspots are 

rapidly identified and corrective action is taken. 
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Cover crops 

Cover crops are defined as close growing crops that protect and improve the soil 
between periods of normal crop production (Fageria et al., 2005).  
 

 In oil palm plantations cover crops are commonly sown 

alongside oil palm seedlings to reduce erosion while the 

canopy develops and, in the case of leguminous cover 

crops, provide a source of nitrogen. The RSPO’s 

Principles and Criteria (RSPO, 2013) state that in peat 

soils a ground cover management program shall be in 

place (4.3.4) and the guidance provided for Principle 4.3 

(practices minimise and control erosion and 

degradation of soils) states that techniques that 

minimise soil erosion are well known and should be 

adopted, where appropriate, and that these should 

include practices such as ground cover management. 

The national interpretations of the RSPO Principles and 

Criteria for Malaysia and Indonesia both advise that 

ground cover should be established rapidly to control 

erosion (RSPO INA-NIWG 2008; RSPO MYNI-TF, 2015).   

 

 

To be effective, cover crops must grow rapidly, require minimum management, make efficient 

use of water, have a root system which improves both soil fertility and permeability and should 

not harbour or attract pests (Baligar and Fageria, 2007). Owing to their added ability to fix 

nitrogen and thus improve soil fertility, legume species are commonly used as cover crops in oil 

palm. The ability of cover crops to reduce soil erosion in agricultural systems is well established. 

Kaspar et al. (2001), for example, demonstrated that oat and rye cover crops following soybean 

can reduce erosion. There has been little research within oil palm plantations focusing specially 

on the effect of cover crops. Research has, however, shown that a combined range of soil 

conservation techniques including the use of cover crops as well as other measures such as the 

placement of dead palm fronds across slopes can reduce erosion rates by 30 to 80% (Annammala, 

2015; Walsh et al., 2016). 

As with terracing it is important that cover crops are inspected regularly and replanted in 

areas in which the cover crop has failed, with priority given to areas particularly vulnerable 

to erosion such as terrace slopes.  

Established cover crop 
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Minimising erosion from unpaved roads 

Unpaved roads are thought to be a major source of sediment in oil palm plantations 

(Carlson et al., 2014) and have been shown to be a major sediment source in both 

tropical agricultural systems (Dunne, 1979) and logged forest (Douglas et al., 1999; 

Ziegler et al., 2007) with the production of sediment from roads being over eight times 

higher than that from agricultural land (Ziegler et al., 2000). In steep terrain, roads 

aligned across slopes can also disrupt downslope soil drainage and be instrumental in 

causing landslides (Douglas et al., 1999; Sidle et al., 2006). 

 

The RSPO Principles and Criteria (RSPO, 2013) identify the importance of road maintenance for 

controlling erosion and states that “a road maintenance program must be in place” (Indicator 

4.3.3) and that an environmental impact assessment should be carried out prior to the building of 

new roads (Principle 5.1). 

Following a study of sediment production from roads and skid trails in a logged forest, Sidle et al. 

(2004) identified a number of actions to minimise erosion including: locating roads along 

ridgelines, placing rock blankets along roads to limit the formation of rills and gullies, drainage 

systems should be incorporated but should not drain onto disturbed soils or erodible slopes, 

avoiding deep cuts into soils in mid-slope roads and maintaining the road surface and drainage 

system. Many of these actions have been shown to significantly reduce erosion rates. For 

example, the establishment of cross drains leading to an erosion resistant ditch was shown to 

provide a 70% reduction in erosion rate from unpaved roads in the US Virgin Islands (Ramos-

Scharŕon, 2012). Sidle et al. (2004) also highlighted the importance of protecting the points 

where roads cross streams and rivers. Most sediment released from the road surface is stored on 

hill slopes or on the trail surface, and only where roads and trails connect with watercourses do 

large volumes of sediment enter streams. 

In order to maintain operational efficiency as well as preventing erosion it is important that both 

roads and harvesting pathways are well maintained, but when loose material is used to fill ruts 

and gullies this material can be easily washed out during the next storm adding to the sediment 

load (Douglas, 1999). Road drainage and culverts must also be well constructed and maintained 

(Douglas et al. 1999). As recommended in Indicator 4.3.3 it is therefore important that a road 

maintenance program is in place. Adams and Andrus (1990) concluded that this program should 

include regular inspection, especially during wet weather with any maintenance of roads, 

drainage ditches or culverts required rapidly carried out. A record should be kept of any 

maintenance made so that road sections and culverts which regularly fail can be identified and 

corrective action taken. 
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11 

 

While the RSPO guidelines recommend road maintenance and the development of an 

environmental impact assessment prior to construction of new roads, guidance is not provided 

as to the location and construction of roads. Comparable documents, for example, the Malaysian 

Criteria and Indicators for forest management certification (Natural Forest) (MTCC, 2011) provide 

links to national and regional guidelines such as the Code of Practice for Forestry Harvesting in 

Sabah, Malaysia (Sabah Forestry Department, 2009) which provide detailed road construction 

and maintenance guidelines. 

The RSPO’s guidelines on soil erosion could be strengthened significantly by highlighting 

these measures, potentially in a best management practices style document, or, as in the 

case of the Malaysian forestry guidelines, providing a link to suitable guidelines, such as 

those provided by the Sabah Forestry Department (2009) or FAO (1977) which describe the 

appropriate design and placement of forest roads.   

 

 

 

 

 

 

 

 

A typical unpaved road in an oil palm plantation  
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Protecting riparian buffer zones 
 

Vegetation and rough ground within riparian buffer zones can act as a sediment trap 

and prevents sediment from upslope zones and themselves from entering the 

waterway, thus protecting water quality and reducing sediment transport and flooding 

and sediment problems downstream.  

 

Ziegler et al. (2006a) investigated the effect of sediment loss from roads on stream suspended 

sediment concentrations within a multi-use tropical catchment in the presence and absence of 

riparian buffers and found that buffers reduced sediment concentrations by 34-87% in the storm 

events studied. For riparian buffers to effectively reduce the level of sediment entering 

waterways the road run-off must arrive as overland flow. In areas where run-off flows along road 

drains it will bypass the riparian buffer zone and enter the waterway directly. 

Soil disturbance within a few metres of the channel is far more likely to result in sediment 

entering the river channel than disturbance further away (Chappell et al., 2008), therefore action 

taken to prevent disturbance in this area is likely to have the greatest impact on sediment loads. 

As well as sediment delivery from the surrounding landscape, erosion of stream and river banks 

may also make a significant contribution to the total suspended sediment in the waterway. For 

example in undisturbed forest Douglas et al. (1999) estimated that bank erosion accounted for 

50% of the sediment supply. Maintaining natural vegetation along river banks stabilises these 

areas and prevents mechanical damage to the channel bank, helping to limit sediment levels in 

waterways. 

The RSPO Principles and Criteria (RSPO, 2013) recommend that all permanent watercourses 

(strictly ‘perennial channels’), wetlands and water bodies shall have buffers consisting of 

naturally occurring local vegetation (Principle 4.4.2). The recommended buffer strip widths in the 

absence of national guidelines are shown in the table below (RSPO). For comparison, the buffer 

area widths recommended by the FAO Code of Practice for Forest Harvesting (FAO, 1999), the 

Sabah Forestry Department (SFD, Sabah Forestry Department, 2009) and the Malaysian Criteria 

and Indicators (MC&I) for forest management certification (Natural Forest) (MTCC, 2011) in 

Peninsular Malaysia are also shown. 

River width (m) 

Minimum width of river reserve (m) 

RSPO FAO SFD MC&I (peninsular 

Malaysia) 

1-5 5 10 30 5 

5 – 10 10 10 30 5 

10 – 20 20 20 30 5 

20 – 40 40 30 30 5 

40 – 50 50 30 30 5 

>50 100 30 30 5 
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13 

 

 

As the table shows, the recommended width for buffer strips in logged forest varies significantly 

between regulatory areas with the MC&I recommending a minimum width of 5 m in Peninsular 

Malaysia and the Sabah Forestry Department recommending a minimum buffer width of 30 m 

alongside permanent streams.  This may in part be as a result of specific local conditions and may 

also be caused by differing objectives, e.g. maintaining biodiversity or preventing bank erosion. 

There have been few scientific studies into the effectiveness of riparian buffer zones with 

regards to preventing sediment transport into streams and rivers in the tropics, though a major 

project is underway in Sabah which will investigate this (Ewers et al., 2011). The Sungai Tekam 

Experimental Basin project investigated the effect of buffer strips on soil loss and water run off 

finding that buffers strips reduced both run off and soil erosion (Bahaglan Pengairan dan Saliran 

Kementerian Pertanian, Malaysia, 1989). Research by Ziegler et al. (2006b) on the slope lengths 

required for buffering overland flow from upslope areas in Vietnam predicted required buffer 

widths in the range 30 to 100 m for slope gradients ranging from 1-100 % but far greater buffer 

lengths would be necessary for large storms. 

In addition to the guidance provided with the RSPO’s Principles and Criteria, the RSPO is also 

preparing a manual on BMPs for the management and rehabilitation of riparian reserves (Barclay 

et al., 2016). This document, while currently in draft form, offers a detailed guide for the 

maintenance and rehabilitation of riparian areas and highlights the importance of locating roads 

as far as possible from streams and rivers. The report makes use of case studies to demonstrate 

BMPs for the establishment of riparian buffer zones in areas where buffer zones have been lost, 

for example leaving mature oil palms in place during the establishment of buffer zone vegetation 

to limit erosion from exposed soils. The report also directs the reader to the Sabah Environment 

Protection Department guidelines for minimising impacts of oil palm plantations and mills on 

quality of rivers in Sabah which provides extensive guidance on erosion control (Environment 

Protection Department, 2011). 
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Prevention of the erosion and degradation of fragile soils  

The protection of fragile soils within oil palm plantations has to date predominantly 
related to peat soils (histosols). This focus stems from the ecological significance of peat 
forests, the climatic impact of greenhouse gas emissions from degraded peat and the 
rapid expansion of oil palm into peatlands in South-East Asia (Miettinen et al., 2012). 
 

The current RSPO Principles and Criteria (RSPO, 2013), however, highlight the need to identify 

and protect all fragile soils from erosion and degradation (Principle and Criteria 4.3, 7.2 and 7.4) 

though they too mainly focus on the protection of peat soils (see Principles and Criteria 4.3, 7.4). 

The protection of peat soils is discussed in detail in the RSPO manual on best management 

practices (BMPs) for management and rehabilitation of natural vegetation associated with oil 

palm cultivation on peat (RSPO, 2012). These focus on the prevention of peat degradation rather 

than erosion and state that the water table should be maintained at an average depth of 50 cm 

below the soil surface and that fires are prevented (in line with the ASEAN policy on zero burning, 

ASEAN, 2003). This best management practices document also thoroughly addresses the 

rehabilitation of forests in degraded sites and is well supported by current scientific research. 

RSPO guidelines and both the Malaysian and Indonesian national interpretations of these 

guidelines recommend that extensive planting on peatland is avoided (Principle and Criteria 7.4). 

Within new developments in Malaysia this is interpreted as meaning that (1) there should be no 

new development on peat deeper than 3 m and (2) replanting should be avoided where 

drainability assessments have identified areas as unsuitable for oil palm production.  

The RSPO Principles and Criteria and the Indonesian national interpretation of this document 

(RSPO INA-NIWG, 2008) also highlight sandy soils, low organic content soils, and potential or 

actual acid sulphate soils as fragile soils. The Malaysian national interpretation of the RSPO 

Principles and Criteria includes peat soils and mangrove sites within the definition of fragile soils 

(RSPO MYNI-TF, 2015). The identification of sandy (due to their low cohesiveness) and acidic 

sulphate soils as fragile, requiring unique management strategies, is supported by 

Paramananthan (2013), who also identified highly weathered soils, lateritic soils and saline soils as 

in need of special management techniques. For peat soils detailed management strategies are 

provided, requiring the water table to be maintained at an average of 50 cm below ground level. 

In contrast to peat the RSPO Principles and Criteria state only that other fragile soils must be 

identified and mapped within the plantation (4.3.1) and that management strategies should be in 

place for these soils (4.3.6). 

The identification of fragile soils (and rocks) is clearly a challenging area with the 

suitability of soil for oil palm production dependent on factors such as rainfall, terrain and 

current management practices as well as soil type. The RSPO guidelines on the protection 

of fragile soils would be further strengthened (and the auditing process simplified) by 

providing a more concrete definition of what constitutes a fragile soil and how these soils 

should be managed in order to protect the soil and thereby maximise productivity and 

prevent sediment entering waterways. 
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Preparation of Environmental Impact Assessments (EIAs) 

The RSPO’s Principles and Criteria (RSPO, 2013) for the prevention of soil erosion in 
new plantings and following replanting are predominantly based upon the completion 
of a thorough EIA (Principles 5.1 and 7.1).   
 

 
According to these criteria the EIA should be carried out by an independent and accredited 
expert and should include: 
 

 Assessment of the impacts of all major planned activities, including roads and other 
infrastructure; 

 

 Identification of watercourses and wetlands, and assessment of potential effects on 
hydrology and land subsidence of planned developments. Measures should be planned 
and implemented to maintain the quantity, quality and access to water and land 
resources; 

 

 Baseline soil surveys and topographic information, including the identification of steep 
slopes, marginal and fragile soils, areas prone to erosion, degradation, subsidence, and 
flooding; 

 
This recommendation is particularly important as an EIA covering the points listed above should 
provide the evidence base for the implementation of the measures discussed throughout this 
report. As well as on-site impacts the EIA should consider off-site impacts, particularly the 
downstream and offshore effects of agrochemicals and sediments. The national interpretations 
of the RSPO’s Principles and Criteria refer the reader to national and regional requirements for 
the development of EIA’s.  
 

To ensure transparency, all EIAs should be available for independent review.  
 

 

Landslide in an oil palm plantation 
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Glossary 
ASEAN - Association of South East Asian Nations 

BMP – Best Management Practices 

EIA – Environmental Impact Assessment 

INA-NIWG – Indonesian National Interpretation Working Group 

MC&I - Malaysian Criteria and Indicators 

MTCC - Malaysian Timber Certification Council 

MYNI-TF – Malaysian National Interpretation Task Force 

NGO - Non-Governmental Organization 

RSPO - Roundtable on Sustainable Palm Oil 
 

References 
Adams, P. W. & Andrus, C. W. (1990). Planning secondary roads to reduce erosion and sedimentation in 

humid tropic steeplands. Research Needs and Applications to Reduce Erosion and Sedimentation in 

Tropical Steeplands, 192, 318-327. 

Annammala, K. V. (2015). PhD Thesis, Universiti Malaysia Sabah. 

ASEAN secretariat (2003). Guidelines for the implementation of the ASEAN policy on zero burning.The 

ASEAN secretariat, Jakarta. 

Aylward, B. (2004). Land use, hydrological function and economic valuation in Forests, water and people in 

the humid tropics (Bonell, M. & Bruijnzeel, L. A. ed.). Cambridge University Press, Cambridge. 

Bahaglan Pengairan dan Saliran Kementerian Pertanian, Malaysia (1989). Sungai Tekam Experimental Basin 

Final Report, July 1977 to June 1986. Bahaglan Pengairan dan Saliran Kementerian Pertanian, Malaysia. 

Baligar, V. C. & Fageria N. K. (2007). Agronomy and Physiology of Tropical Cover Crops. Journal of Plant 

Nutrition, 30(8), 1287-1339. 

Barclay, H., Gray, C. L., Luke, S. H., Nainar, A., Snaddon, J. L. & Turner, E. C. (2016). RSPO manual on best 

management practices (BMPs) for the management and rehabilitation of riparian reserves draft. 

Carlson, K. M., Curran, L. M., Ponette-gonzález, A. G., Ratnasari, D., Ruspita, Lisnawati, N., Purwanto, Y., 

Brauman, K. A. & Raymond, P. A. (2014). Influence of watershed-climate interactions on stream 

temperature, sediment yield, and metabolism along a land use intensity gradient in Indonesian 

Borneo. Journal of Geophysical Research: Biogeosciences, 119, doi:10.1002/ 2013JG002516. 

Chappell, N. A., Bidin, K., Chiew, T. H., Douglas, I., Sinun, W., Walsh, R. P. D., Nurhidayu, S., Bakar, A. & 

Hanapi, J. (2008). Malaysian forestry guidelines for mitigating water quality impacts in rainforests: 

implications from 20 years of local hydrological science. BHS 10th National Hydrology Symposium, 172-

177. 

Critchley, W. R. S. (2004). From nature to nurture: soil and water management for rainfed steeplands in the 

humid tropics. In Forests, water and people in the humid tropics (Bonell, M. & Bruijnzeel, L. A. ed.). 

Cambridge University Press, Cambridge. 

Douglas, I. (1999). Hydrological investigations of forest disturbance and land cover impacts in South-East 

Asia: a review. Philosophical Transactions of the Royal Society B, 354, 1725-1738. 

Douglas, I., Bidin, K., Balamurugan, G., Chappell, N. A., Walsh, R. P. D., Greer, T. & Sinun, W. (1999). The role 

of extreme events in the impacts of selective tropical forestry on erosion during harvesting and 

recovery phases at Danum Valley, Sabah.  Philosophical Transactions of the Royal Society B, 354, 1749-

1761. 

Dunne, T. (1979). Sediment yield and land use in tropical catchments. Journal of Hydrology, 42, 281-300. 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

17 

Environment Protection Department (2011). Guidelines for minimising impacts of oil palm plantations and 

palm oil mills on quality of rivers in Sabah. Environment Protection Department Ministry of Tourism, 

Culture and Environment Kota Kinabalu, Sabah. 

Ewers, R. M., Didham, R. K., Fahrig, L., Ferraz, G., Hector, A., Holt, R. D., Kapos, V., Reynolds, G., Sinun, W., 

Snaddon, J. L. & Turner, E. C. (2011). A large-scale forest fragmentation experiment: the Stability of 

Altered Forest Ecosystems Project. Philosophical Transactions of the Royal Society B: Biological 

Sciences, 366, 3292-3302. 

Fageria, N. K., Baligar, V. C. & Bailey, B. A. (2005). Role of cover crops in improving soil and row crop 

productivity role of cover crops in improving soil. Communications in Soil Science and Plant Analysis, 

36(19-20), 2733-2757. 

FAO (1977). Planning forest roads and harvesting systems. FAO, Rome. 

FAO (1999). Code of practice for forest harvesting in Asia-Pacific. FAO, Bangkok. 

Hartemink, A. E. (2006). Soil erosion: Perennial crop plantations. In Encyclopedia of soil science, volume 2 

(Lal, R. ed.), pp. 1613-1617. Taylor and Francis Group, New York. 

Henley, W. F., Patterson, M. A., Neves, R. J. & Lemly, A. D. (2000). Effects of sedimentation and turbidity on 

Lotic food webs: A concise review for natural resource managers. Reviews in Fisheries Science, 8(2), 

125-139. 

Indonesian Ministry of Agriculture (2011). Lampiran 1 peraturan menteri pertanian. Nomor: 

19/Permentan/OT.140/3/2011. Pedoman perkebunan kelapa sawit berkelanjutan Indonesia. Indonesian 

ministry of agriculture, Jakarta. 

Kaspar, T. C., Radke, J. K. & Laflen, J. M. (2001). Small grain cover crops and wheel traffic effects on 

infiltration, runoff, and erosion. Journal of Soil and Water Conservation, 56(2), 160-164. 

Kasran, B (1988). Effect of logging on sediment yield in a hill dipterocarp forest in peninsular Malaysia. 

Journal of Tropical Forest Science, 1(1), 56-66. 

Ohnuki, Y., Nik, A. R., Noguchi, S. & Sasaki, S. (2010). Sediment discharge through buffer zones in a tropical 

rainforest of peninsular Malaysia. Japan Agricultural Research Quarterly: JARQ, 44(2), 187-196. 

MTCC (2011). Malaysian criteria and indicators for forest management certification (Natural Forest).  MTCC, 

Kuala Lumpur. 

Miettinen, J., Hooijer, A., Tollenaar, D., Page, S., Malins, C., Vernimmen, R., Shi, C. & Liew, S. C. (2012). 

Historical Analysis and Projection of Oil Palm Plantation Expansion on Peatland in Southeast Asia. 

ICCT, Washington DC. 

Morgan, R. P. C. (2005). Soil erosion and conservation: Third edition. Blackwell publishing, Oxford. 

Paramananthan, S. (2013). Managing marginal soils for sustainable growth of oil palms in the tropics. 

Journal of Oil Palm & The Environment, 4, 1-16. 

Ramos-Scharŕon, C. E. (2012). Effectiveness of drainage improvements in reducing sediment production 

rates from an unpaved road. Journal of Soil and Water Conservation, 67, 87-100. 

RSPO INA-NIWG (2008). National interpretation of RSPO principles and criteria for sustainable palm oil 

production: Republic of Indonesia. RSPO, Kuala Lumpur. 

RSPO (2012). RSPO manual on best management practices (BMPs) for management and rehabilitation of 

natural vegetation associated with oil palm cultivation on peat. RSPO, Kuala Lumpur. 

RSPO (2013). Principles and criteria for the production of sustainable palm oil. RSPO, Kuala Lumpur. 

RSPO MYNI-TF (2015). National interpretation of RSPO principles and criteria for sustainable palm oil 

production. RSPO, Kuala Lumpur. 

Sabah Forestry Department (2009). Code of practice for forest harvesting in Sabah, Malaysia. Sabah 

Forestry Department, Sandakan. 

Sheng, T. C. (1988). Demonstrating conservation practices on steep lands in Jamaica. In Conservation 

farming on steep lands (Moldenhauer, W. C, & Hudson, N. W. ed.). Soil and Water Conservation 

Society: Ankeny, USA. 

Sidle, R. C., Sasaki, S., Otsuki, M., Noguchi, S. & Abdul Rahim, N. (2004). Sediment pathways in a tropical 

forest: Effects of logging roads and skid trails. Hydrological Processes, 18(4), 703-720. 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

18 

Sidle, R. C., Ziegler, A. D., Negishi, J. N., Nik, A. R., Siew R. & Turkelboom, F. (2006). Erosion processes in 

steep terrain - Truths, myths, and uncertainties related to forest management in Southeast Asia. 

Forest Ecology and Management, 224, 199-225. 

Tan-Soo, J.-S., Adnan, N., Ahmad, I. & Pattanayak, S. K. (2016). Econometric evidence on forest ecosystem 

services: Deforestation and flooding in Malaysia. Environmental and Resource Economics, 63, 25–44. 

Vincent, Jeffrey R. 

van Dijk, A. I. J. M., Bruijnzeel, L. A., Vertessy, R. A. & Ruijter, J. (2005). Runoff and sediment generation on 

bench-terraced hillsides: measurements and up-scaling of a field-based. Hydrological Processes, 19, 

1667-1685. 

Walsh, R., Nainar, A., Bidin, K., Higton, S., Annammala, K., Blake, W., Luke, S., Murphy, L., Perryman, E., Wall 

K. & Hanapi, J. (2016). Impacts of oil palm conversion and logging in Sabah, Malaysian Borneo: a multi-

catchment approach, EGU General Assembly 2016, poster. 

Ziegler, A. D., Sutherland, R. A. & Giambelluca, T. W. (2000). Runoff generation and sediment transport on 

unpaved roads, paths, and agricultural land surfaces in northern Thailand. Earth Surface Processes 

and Landforms, 25, 519-534. 

Ziegler, A. D., Giambelluca, T. W., Sutherland, R. A. Nullet, M. A., Yarnasarn, S., Pinthong, J., Preechapanya, 

P. & Jaiaree, S. (2004). Toward understanding the cumulative impacts of roads in upland agricultural 

watersheds of northern Thailand. Agriculture, Ecosystems and Environment, 104, 145-158. 

Ziegler, A. D., Negishi, J., Sidle, R. C., Preechapanya, P., Sutherland, R. A., Giambelluca, T. W. & Jaiaree, S. 

(2006a). Reduction of stream sediment concentration by a riparian buffer: filtering of road runoff in 

disturbed headwater basins of montane mainland southeast Asia. Journal of Environmental Quality, 

35, 151-162. 

Ziegler, A. D., Tran, L. T., Giambelluca, T. W., Sidle, R. C., Sutherland, R. A., Nullet, M. A. & Vien, T. D. 

(2006b). Effective slope lengths for buffering hillslope surface runoff in fragmented landscapes in 

northern Vietnam. Forest Ecology and Management, 224, 104-118. 

Ziegler, A. D., Negishi, J. N., Sidle, R. C., Gomi, T., Noguchi, S. & Nik, A. R. (2007). Persistence of road runoff 

generation in a logged catchment in Peninsular Malaysia. Earth Surface Processes and Landforms, 32, 

1947-1970. 

 

  



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

19 

Appendix 1:  

Bibliography 
 

A complete list of all the literature consulted during the preparation of this report is set out 

below. 

 

Minimising erosion from steep terrain 
Bruijnzeel, L. A. (1990). Hydrology of moist tropical forests and effects of concervation: A state of 

knowledge review. Humid Tropics Programme, IHP-UNESCO, Paris, and Vrije Universiteit, Amsterdam. 

Bruijnzeel, L. A., van Eijk, B. & Purwanto, E. (1998). Runoff and soil loss from bench terraces in upland West 

Java , Indonesia and implications for process modelling. Modelling Soil Erosion, Sediment Transport 

and Closely Related Hydrological Processes, 249. 

Bruijnzeel, L. A. (2004). Hydrological functions of tropical forests: not seeing the soil for the trees? 

Agriculture, Ecosystems and Environment, 104, 185-228. 

Clarke, M. A. & Walsh, R. P. D. (2006). Long-term erosion and surface roughness change of rain-forest 

terrain following selective logging, Danum Valley, Sabah, Malaysia. Catena, 68, 109-123. 

Collison, A. J. C. & Anderson, M. G. (1996). Using a combined slope hydrology/stability model to identify 

suitable conditions for landslide prevention by vegetation in the humid tropics. Earth Surface 

Processes and Landforms, 21, 737-747. 

Comte, I., Colin, F., Whalen, J. K., Grünberger, O. & Caliman, J. P. (2012). Agricultural practices in oil palm 

plantations and their impact on hydrological changes, nutrient fluxes and water quality in Indonesia. A 

review. Advances in Agronomy, 116, 71-124. 

Critchley, W. R. S. (2004). From nature to nurture: soil and water management for rainfed steeplands in the 

humid tropics. In Forests, water and people in the humid tropics (Bonell, M. & Bruijnzeel, L. A. ed.). 

Cambridge University Press, Cambridge. 

Croke, J. C. & Hairsine, P. B. (2006). Sediment delivery in managed forests: a review. Environmental 

Reviews, 87, 59-87. 

Douglas, I. (1999). Hydrological investigations of forest disturbance and land cover impacts in South-East 

Asia: a review. Philosophical Transactions of the Royal Society B, 354, 1725-1738. 

Hartemink, A. E. (2006). Soil erosion: Perennial crop plantations. In Encyclopedia of soil science, volume 2 

(Lal, R. ed.), pp. 1613-1617. Taylor and Francis Group, New York. 

Hashim, G. M., Ciesiolka, C. A. A., Yusoff, W. A., Nafis, A. W., Mispan, M. R., Rose, C. W. & Coughlan, K. J. 

(1995). Soil erosion processes in sloping land in the east coast of Peninsular Malaysia. Soil Technology, 

8, 215-233. 

Mai, V. T., van Keulen, H., Hessel, R., Ritsema, C., Roetter, R. & Phien, T. (2013). Influence of paddy rice 

terraces on soil erosion of a small watershed in a hilly area of Northern Vietnam. Paddy Water 

Environment, 1, 285-298. 

Mcintosh, P. D. (2013). Review of soil and water provisions in the Papua New Guinea logging code of 

practice and related codes in the tropics. A report under Project GCP/PNG/003/AUL for the PNG Forest 

Authority, the Food and Agriculture Organisation of the United Nations and the Australian 

Government Department of Agriculture, Fisheries and Forestry. 

Moldenhauer, W. C, & Hudson, N. W. (1988). Conservation farming on steep lands.  Soil and Water 

Conservation Society: Ankeny, USA 

Paramananthan, S. (2013). Managing marginal soils for sustainable growth of oil palms in the tropics. 

Journal of Oil Palm & the Environment, 4, 1-16. 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

20 

Presbitero, A. L., Escalante, M. C., Rose, C. W., Coughlan, K. J. & Ciesiolka, C. A. (1995). Erodibility evaluation 

and the effect of land management practices on soil erosion from steep slopes in Leyte, the 

Philippines. Soil Technology, 8, 205-2013. 

Putz, F. E., Sist, P., Fredericksen, T. & Dykstra, D (2008). Reduced-impact logging: Challenges and 

opportunities.  Forest Ecology and Management, 256, 1427-1433. 

Ramos-Scharŕon, C. E. (2012). Effectiveness of drainage improvements in reducing sediment production 

rates from an unpaved road. Journal of Soil and Water Conservation, 67, 87-100. 

Rijsdijk, A., Bruijnzeel, L. A. (S.) & Prins, Th. M. (2007). Sediment yield from gullies, riparian mass wasting 

and bank erosion in the Upper Konto catchment , East Java , Indonesia. Geomorphology, 87, 38-52. 

Sheng, T. C. (1988). Demonstrating conservation practices on steep lands in Jamaica. In Conservation 

farming on steep lands (Moldenhauer, W. C, & Hudson, N. W. ed.). Soil and Water Conservation 

Society: Ankeny, USA 

Sidle, R. C., Sasaki, S., Otsuki, M., Noguchi, S. & Abdul Rahim, N. (2004). Sediment pathways in a tropical 

forest: Effects of logging roads and skid trails. Hydrological Processes, 18(4), 703-720. 

Sidle, R. C., Ziegler, A. D., Negishi, J. N., Nik, A. R., Siew R. & Turkelboom, F. (2006). Erosion processes in 

steep terrain - Truths, myths, and uncertainties related to forest management in Southeast Asia. 

Forest Ecology and Management, 224, 199-225. 

van Dijk, A. I. J. M., Bruijnzeel, L. A., Vertessy, R. A. & Ruijter, J. (2005). Runoff and sediment generation on 

bench-terraced hillsides: measurements and up-scaling of a field-based. Hydrological Processes, 19, 

1667-1685. 

Walsh, R. P. D., Bidin, K., Blake, W. H., Chappell, N. A., Clarke, M. A., Douglas, I., Ghazali, R., Sayer, A. M. 

Suhaimi, J., Tych, W. & Annammala, K. V. (2011). Long-term responses of rainforest erosional systems 

at different spatial scales to selective logging and climatic change. Philosophical Transactions of the 

Royal Society B: Biological Sciences, 366, 3340-3353. 

 

Cover crops 
Baligar, V. C. & Fageria N. K. (2007). Agronomy and physiology of tropical cover crops. Journal of Plant 

Nutrition, 30(8), 1287-1339. 

Fageria, N. K., Baligar, V. C. & Bailey, B. A. (2005). Role of cover crops in improving soil and row crop 

productivity role of cover crops in improving soil. Communications in Soil Science and Plant Analysis, 

36(19-20), 2733-2757. 

Hamanakaa, A., Inouea, N., Shimadaa, H., Sasaokaa, T., Matsui, K. & Miyajima, I. (2015). Design of self-

sustainable land surface against soil erosion at rehabilitation areas in open-cut mines in tropical 

regions. International Journal of Mining, Reclamation and Environment, 29:4, 305-315. 

Hartwig, N. L. & Ammon, H. U. (2002). Cover crops and living mulches. Weed Science, 50, 688-699. 

Kaspar, T. C., Radke, J. K. & Laflen, J. M. (2001). Small grain cover crops and wheel traffic effects on 

infiltration, runoff, and erosion. Journal of Soil and Water Conservation, 56(2), 160-164. 

Langdale, G.W., Blevins, R.L., Karlen, D.L., McCool, D.K., Nearing, M.A., Skidmore, E.I., Thomas, A.W., Tyler, 

D.D., and Williams, J.R. (1991). Cover crop effects on soil erosion by wind and water  in Cover Crop for 

clean water (Hargrove, W.L., ed.). Soil and Water Conservation Society, Ankeny, USA. 

Scholberg, J. M.S., Dogliotti, S., Leoni, C., Cherr, C. M., Zotarelli, L., & Rossing W. A.H. (2010). Cover crops 

for sustainable agrosystems in the Americas in sustainable agriculture reviews 4: Genetic engineering, 

biofertilisation, soil quality and organic farming. Springer, New York. 

Scholberg, J. M.S., Dogliotti, S., Zotarelli, L., Cherr, C. M., Leoni, C. & Rossing W. A.H. (2010). Cover crops in 

agrosystems: Innovations and applications in sustainable agriculture reviews 4: Genetic engineering, 

biofertilisation, soil quality and organic farming. Springer, New York. 

Tuan, V. D., Hilger, T., Macdonald, L., Clemens, G., Shiraishi, E., Vien, T. D., Stahr, K. & Cadisch, G. (2014). 

Field crops research mitigation potential of soil conservation in maize cropping on steep slopes. Field 

Crops Research, 91-102. 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

21 

Walsh, R., Nainar, A., Bidin, K., Higton, S., Annammala, K., Blake, W., Luke, S., Murphy, L., Perryman, E., Wall 

K. & Hanapi, J. (2016). Impacts of oil palm conversion and logging in Sabah, Malaysian Borneo: a multi-

catchment approach, EGU General Assembly 2016, poster. 

 

 

Minimising erosion from roads 
Adams, P. W. & Andrus, C. W. (1990). Planning secondary roads to reduce erosion and sedimentation in 

humid tropic steeplands. Research Needs and Applications to Reduce Erosion and Sedimentation in 

Tropical Steeplands, 192, 318-327. 

Chappell, N. A., Douglas, I., Hanapi, J. M. & Tych, W. (2004). Sources of suspended sediment within a 

tropical catchment recovering from selective logging. Hydrological Processes, 18(4), 685-701. 

Chappell, N. A. & Thang, H. C. (2007). Practical hydrological protection for tropical forests: the Malaysian 

experience. Unasylva, 58, 17-21. 

Chappell, N. A., Bidin, K., Chiew, T. H., Douglas, I., Sinun, W., Walsh, R. P. D., Nurhidayu, S., Bakar, A. & 

Hanapi, J. (2008). Malaysian forestry guidelines for mitigating water quality impacts in rainforests: 

implications from 20 years of local hydrological science. BHS 10th National Hydrology Symposium, 172-

177. 

Croke, J. C. & Hairsine, P. B. (2006). Sediment delivery in managed forests: a review. Environmental 

Reviews, 87, 59-87. 

Comte, I., Colin, F., Whalen, J. K., Grünberger, O. & Caliman, J. P. (2012). Agricultural practices in oil palm 

plantations and their impact on hydrological changes, nutrient fluxes and water quality in Indonesia. A 

review. Advances in Agronomy, 116, 71-124. 

Douglas, I., Spencer, T., Greer, T., Bidin, K., Sinun, W. & Meng W. W. (1992). The role of extreme events in 

the impacts of selective tropical forestry on erosion during harvesting and recovery phases at Danum 

Valley, Sabah. Philosophical Transactions of the Royal Society B, 354, 1749-1761. 

Douglas, I. (1999). Hydrological investigations of forest disturbance and land cover impacts in South-East 

Asia: a review. Philosophical Transactions of the Royal Society B, 354, 1725-1738. 

Douglas, I., Bidin, K., Balamurugan, G., Chappell, N. A., Walsh, R. P. D., Greer, T. & Sinun, W. (1999). The role 

of extreme events in the impacts of selective tropical forestry on erosion during harvesting and 

recovery phases at Danum Valley, Sabah.  Philosophical Transactions of the Royal Society B, 354, 1749-

1761. 

FAO (1977). Planning forest roads and harvesting systems. FAO, Rome. 

Forestry Commission (2014). Forestry commission road specifications with reference to DfT highways 

agency design manual for roads and bridges (DMRB) and manual of contract documents for highway 

works (MCHW). Forestry Commission, Bristol. 

Hashim, G. M., Ciesiolka, C. A. A., Yusoff, W. A., Nafis, A. W., Mispan, M. R., Rose, C. W. & Coughlan, K. J. 

(1995). Soil erosion processes in sloping land in the east coast of Peninsular Malaysia. Soil Technology, 

8, 215-233. 

Jones, J. A., Swanson, F. J., Wemple, B. C. & Snyder, K. U. (2000). Effects of roads on hydrology, 

geomorphology, and disturbance patches in stream networks. Conservation Biology, 14, 76-85. 

Kasran, B (1988). Effect of logging on sediment yield in a hill dipterocarp forest in peninsular Malaysia. 

Journal of Tropical Forest Science, 1(1), 56-66. 

Macdonald, L. H., Sampson, R. W. & Anderson, D. M. (2001). Runoff and road erosion at the plot and road 

segment scales, St John, US Virgin Islands. Earth Surface Processes and Landforms, 26, 251-272. 

Mcintosh, P. D. (2013). Review of soil and water provisions in the Papua New Guinea logging code of 

practice and related codes in the tropics. A report under Project GCP/PNG/003/AUL for the PNG Forest 

Authority, the Food and Agriculture Organisation of the United Nations and the Australian 

Government Department of Agriculture, Fisheries and Forestry. 

Mohd Hasmadi, I., Kamaruzaman, J. & Muhamad Azizon, J. (2008). Forest road assessment in Ulu Muda 

forest reserve, Kedah, Malaysia. Modern Applied Science, 2(4), 100-108. 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

22 

Negishi, J. N., Sidle, R. C., Ziegler, A. D., Noguchi, S. & Abdul Rahim, N. (2008). Contribution of intercepted 

subsurface flow to road runoff and sediment transport in a logging-disturbed tropical catchment. 

Earth Surface Processes and Landforms, 33, 1174-1191. 

Ramos-Scharŕon, C. E. (2012). Effectiveness of drainage improvements in reducing sediment production 

rates from an unpaved road. Journal of Soil and Water Conservation, 67, 87-100. 

Rijsdijk, A., Bruijnzeel, L. A. (S.) & Sutoto, C. K. (2007). Runoff and sediment yield from rural roads, trails and 

settlements in the upper Konto catchment , East Java , Indonesia. Geomorphology, 87, 28-37. 

Ryan, T., Phillips, H., Ramsay, J. & Dempsey, J. (2004). Forest road manual: Guidelines for the design, 

construction and management of forest roads. COFORD, National Council for Forest Research and 

Development, Dublin. 

Sidle, R. C., Sasaki, S., Otsuki, M., Noguchi, S. & Abdul Rahim, N. (2004). Sediment pathways in a tropical 

forest: Effects of logging roads and skid trails. Hydrological Processes, 18(4), 703-720. 

Sidle, R. C., Ziegler, A. D., Negishi, J. N., Nik, A. R., Siew R. & Turkelboom, F. (2006). Erosion processes in 

steep terrain - Truths, myths, and uncertainties related to forest management in Southeast Asia. 

Forest Ecology and Management, 224, 199-225. 

Takken, I., Croke, J. & Lane, P. (2008). Thresholds for channel initiation at road drain outlets. Catena, 75(3), 

257-267. 

Walsh, R. P. D., Clarke, M. A., Bidin, K., Blake, W. H., Chappell, N. A., Douglas, I., Ramli, N., Sayer, A. M., 

Sinun, W., Larenus, J. & Hanapi, J. (2006). Changes in the Spatial Distribution of Erosion within a 

Selectively Logged Borneo 1988 – 2003 in Soil erosion and sediment redistribution in river catchments: 

measurement, modelling and management (Owens, P. N. & Collins, A. J. ed). CABI, Wallingford, UK. 

Walsh, R. P. D., Bidin, K., Blake, W. H., Chappell, N. A., Clarke, M. A., Douglas, I., Ghazali, R., Sayer, A. M. 

Suhaimi, J., Tych, W. & Annammala, K. V. (2011). Long-term responses of rainforest erosional systems 

at different spatial scales to selective logging and climatic change. Philosophical Transactions of the 

Royal Society B: Biological Sciences, 366, 3340-3353. 

Wemple, B. C. & Jones, J. A. (2003). Runoff production on forest roads in a steep, mountain catchment. 

Water Resources Research, 39(8), 1220. 

Ziegler, A.D. & Giambelluca, T.W. (1997). Importance of rural roads as source areas for runoff in 

mountainous areas of northern Thailand. Journal of Hydrology, 196, 204-229. 

Ziegler, A. D., Sutherland, R. A. & Giambelluca, T. W. (2000). Partitioning total erosion on unpaved roads 

into splash and hydraulic components: The roles of interstorm surface preparation and dynamic 

erodibility. Water Resources Research, 36(9), 2787-2791. 

Ziegler, A. D., Sutherland, R. A. & Giambelluca, T. W. (2000). Runoff generation and sediment transport on 

unpaved roads, paths, and agricultural land surfaces in northern Thailand. Earth Surface Processes 

and Landforms, 25, 519-534. 

Ziegler, A. D., Giambelluca, T. W., Sutherland, R. A. Nullet, M. A., Yarnasarn, S., Pinthong, J., Preechapanya, 

P. & Jaiaree, S. (2004). Toward understanding the cumulative impacts of roads in upland agricultural 

watersheds of northern Thailand. Agriculture, Ecosystems and Environment, 104, 145-158. 

Ziegler, A. D., Negishi, J., Sidle, R. C., Preechapanya, P., Sutherland, R. A., Giambelluca, T. W. & Jaiaree, S. 

(2006a). Reduction of stream sediment concentration by a riparian buffer: filtering of road runoff in 

disturbed headwater basins of montane mainland southeast Asia. Journal of Environmental Quality, 

35, 151-162. 

Ziegler, A. D., Negishi, J. N., Sidle, R. C., Gomi, T., Noguchi, S. & Nik, A. R. (2007). Persistence of road runoff 

generation in a logged catchment in Peninsular Malaysia. Earth Surface Processes and Landforms, 32, 

1947-1970. 

 

 

 

 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

23 

Protecting riparian buffer zones 
Bahaglan Pengairan dan Saliran Kementerian Pertanian, Malaysia (1989). Sungai Tekam Experimental Basin 

Final Report, July 1977 to June 1986. Bahaglan Pengairan dan Saliran Kementerian Pertanian, Malaysia. 

Barclay, H., Gray, C. L., Luke, S. H., Nainar, A., Snaddon, J. L. & Turner, E. C. (2016). RSPO manual on best 

management practices (BMPs) for the management and rehabilitation of riparian reserves draft. 

Bren, L. J. (2000). A case study in the use of threshold measures of hydrologic loading in the design of 

stream buffer strips. Forest Ecology and Management, 132, 243-257. 

Castelle, A. J., Johnson, A. W. & Conolly, C. (1994). Wetland and stream buffer size requirements - a review. 

Journal of Environmental Quality, 23, 878-882. 

Chappell, N. A., Vongtanaboon, S., Jiang, Y. & Tangtham, N. (2006). Return-flow prediction and buffer 

designation in two rainforest headwaters. Forest Ecology and Management, 244, 131-146. 

Chappell, N. A. & Thang, H. C. (2007). Practical hydrological protection for tropical forests: the Malaysian 

experience. Unasylva, 58, 17-21. 

Chappell, N. A., Bidin, K., Chiew, T. H., Douglas, I., Sinun, W., Walsh, R. P. D., Nurhidayu, S., Bakar, A. & 

Hanapi, J. (2008). Malaysian forestry guidelines for mitigating water quality impacts in rainforests: 

implications from 20 years of local hydrological science. BHS 10th National Hydrology Symposium, 172-

177. 

Chemsain Konsultant Sdn.Bhd. Proposed Oil Palm Plantation (OPP) and Industrial Tree Plantation (ITP) 

Development At Benta Wawasan I and Benta Wawasan IIC, Yayasan Sabah Forest Management Area, 

Kalabakan and Gunung Rara Forest Reserves, Tawau District, Sabah. Chapter 5, (available at 

http://ww2.sabah.gov.my/jpas/Assessment/eia/sp-eias/Benta/eia/Chp5/Ch5.pdf, accessed 28/06/2016) 

Comte, I., Colin, F., Whalen, J. K., Grünberger, O. & Caliman, J. P. (2012). Agricultural practices in oil palm 

plantations and their impact on hydrological changes, nutrient fluxes and water quality in Indonesia. A 

review. Advances in Agronomy, 116, 71-124. 

Croke, J. C. & Hairsine, P. B. (2006). Sediment delivery in managed forests: a review. Environmental 

Reviews, 87, 59-87. 

Fahlén, A. (2002). Mixed tree-vegetative barrier designs: Experiences from project works in northern 

Vietnam. Land Degradation and Development, 13, 307-329. 

Gomi, T., Sidle, R. C., Noguchi, S., Negishi, J. N., Rahim, A. & Sasaki, S. (2006). Sediment and wood 

accumulations in humid tropical headwater streams: Effects of logging and riparian buffers. Forest 

Ecology and Management, 224, 166-175. 

Lin, C. Y., Chou, W. C. & Lin, W. T. (2002). Modeling the width and placement of riparian vegetated buffer 

strips: a case study on the Chi-Jia-Wang Stream , Taiwan. Journal of Environmental Management, 66, 

269-280. 

Mcintosh, P. D. (2013). Review of soil and water provisions in the Papua New Guinea logging code of 

practice and related codes in the tropics. A report under Project GCP/PNG/003/AUL for the PNG Forest 

Authority, the Food and Agriculture Organisation of the United Nations and the Australian 

Government Department of Agriculture, Fisheries and Forestry. 

Mekonnen, M., Keesstra, S. D., Stroosnijder, L., Baartman, J. E. M. & Maroulis, J. (2015). Soil conservation 

through sediment trapping: A review. Land Degradation and Development, 26, 544-556. 

Norris, V. (1993). The use of buffer zones to protect water quality: A review. Water Resources 

Management, 7, 257-272. 

Ohnuki, Y., Nik, A. R., Noguchi, S. & Sasaki, S. (2010). Sediment discharge through buffer zones in a tropical 

rainforest of peninsular Malaysia. Japan Agricultural Research Quarterly: JARQ, 44(2), 187-196. 

Vigiak, O., Ribolzi, O., Pierret, A., Sengtaheuanghoung, O., Valentin, C. (2008). Trapping efficiencies of 

cultivated and natural riparian vegetation of northern Laos. Journal of Environmental Quality, 37, 889-

897. 

Wanyama, J. Herremans, K., Maetens, W., Isabirye, M., Kahimba, F., Kimaro, D., Poesen, J. & Deckers, J. 

(2012). Effectiveness of tropical grass species as sediment filters in the riparian zone of Lake Victoria. 

Soil Use and Management, 28(3), 409-418. 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

24 

Ziegler, A. D., Negishi, J., Sidle, R. C., Preechapanya, P., Sutherland, R. A., Giambelluca, T. W. & Jaiaree, S. 

(2006a). Reduction of stream sediment concentration by a riparian buffer: filtering of road runoff in 

disturbed headwater basins of montane mainland southeast Asia. Journal of Environmental Quality, 

35, 151-162. 

Ziegler, A. D., Tran, L. T., Giambelluca, T. W., Sidle, R. C., Sutherland, R. A., Nullet, M. A. & Vien, T. D. 

(2006b). Effective slope lengths for buffering hillslope surface runoff in fragmented landscapes in 

northern Vietnam. Forest Ecology and Management, 224, 104-118. 

 

 

Prevention of the erosion and degradation of fragile soils 
Afriyanti, D., Kroeze, C. & Saad, A. (2016). Indonesia oil production without deforestation and peat 

conversion by 2050. Science of the Total Environment, 557-558, 562-570. 

ASEAN secretariat (2003). Guidelines for the implementation of the ASEAN policy on zero burning. The 

ASEAN secretariat, Jakarta. 

José, A., Guerra, T., Fullen, M., Oliveira, C. A, & Silvia T. (2014). Soil erosion and conservation in Brazil. 

Anuário do Instituto de Geociências, 37, 81-91. 

Kaspar, T. C., Radke, J. K. & Laflen, J. M. (2001). Small grain cover crops and wheel traffic effects on 

infiltration, runoff, and erosion. Journal of Soil and Water Conservation, 56(2), 160-164. 

Mcintosh, P. D. (2013). Review of soil and water provisions in the Papua New Guinea logging code of 

practice and related codes in the tropics. A report under Project GCP/PNG/003/AUL for the PNG Forest 

Authority, the Food and Agriculture Organisation of the United Nations and the Australian 

Government Department of Agriculture, Fisheries and Forestry. 

Miettinen, J., Hooijer, A., Tollenaar, D., Page, S., Malins, C., Vernimmen, R., Shi, C. & Liew, S. C. (2012). 

Historical Analysis and Projection of Oil Palm Plantation Expansion on Peatland in Southeast Asia. 

ICCT, Washington DC. 

Miettinen, J., Hooijer, A., Tollenaar, D., Page, S., Malins, C., Vernimmen, R., Shi, C. & Liew, S. C. (2012). 

Historical analysis and projection of oil palm plantation expansion on peatland in Southeast Asia. 

International Council on Clean Transportation, Washington DC. 

Paramananthan, S. (2013). Managing marginal soils for sustainable growth of oil palms in the tropics. 

Journal of Oil Palm & the Environment, 4, 1-16. 

 

Other references consulted 
Abu Bakar, S. N. (2015). Oil palm agriculture: How and what has changed hydrologically? International 

Seminar on Gearing Oil Palm Breeding and Agronomy for Climate Change, 5 October 2015, Kuala 

Lumpur Convention Centre (KLCC), Malaysia. 

Annammala, K. V. (2015). PhD Thesis, Universiti Malaysia Sabah. 

Ataroff, M. & Monasterio, M. (1997). Soil erosion under different management of coffee plantations in the 

Venezuelan Andes.  Soil Technology, 11, 95-108. 

Aylward, B. (2004). Land use, hydrological function and economic valuation in Forests, water and people in 

the humid tropics (Bonell, M. & Bruijnzeel, L. A. ed.). Cambridge University Press, Cambridge. 

Babel, M.S., Shrestha, B. & Perret, S.R. (2011). Hydrological impact of biofuel production: A case study of 

the Khlong Phlo Watershed in Thailand. Agricultural Water Management, 101, 8– 26. 

Bahaglan Pengairan dan Saliran Kementerian Pertanian, Malaysia (1989). Sungai Tekam Experimental Basin 

Final Report, July 1977 to June 1986. Bahaglan Pengairan dan Saliran Kementerian Pertanian, Malaysia. 

Basiron, Y. (2007). Palm oil production through sustainable plantations. European Journal of Lipid Science 

and Technology, 109(4), 289-295. 

Bonell, M. & Bruijnzeel, L. A. (2004). Forests, water and people in the humid tropics. Cambridge University 

Press, Cambridge. 

Carlson, K. M., Curran, L. M., Ponette-gonzález, A. G., Ratnasari, D., Ruspita, Lisnawati, N., Purwanto, Y., 

Brauman, K. A. & Raymond, P. A. (2014). Influence of watershed-climate interactions on stream 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

25 

temperature, sediment yield, and metabolism along a land use intensity gradient in Indonesian 

Borneo. Journal of Geophysical Research: Biogeosciences, 119, doi:10.1002/ 2013JG002516. 

Chappell, N. A., Tych, W. & Bonell, M. (2007). Development of the for SIM model to quantify positive and 

negative hydrological impacts of tropical reforestation. Forest Ecology and Management, 251, 52-64. 

Corley, R. H. V. (2009). How much palm oil do we need? Environmental Science and Policy, 12, 134-139. 

Dislich, C., Keyel, A. C., Salecker, J., Kisel, Y., Meyer, K. M., Corre, M. D., Faust, H., Hess, B., Knohl, A., Kreft, 

H., Meijide, A., Nurdiansayh, F., Otten, F., Pe`er, G., Steinebach, S., Tarigan, S., Tscharntke, T., Tölle, M. 

& Wiegang, K. (2015). Ecosystem functions of oil palm plantations: a review. Georg-August-Universität 

Göttingen: Göttingen. 

Dunne, T. (1979). Sediment yield and land use in tropical catchments. Journal of Hydrology, 42, 281-300. 

El-Swaify, S. A., Dangler, E. W. & Armstrong, C. L. (1983). Soil erosion by water in the tropics. College of 

Tropical Agriculture and Human Resources, University of Hawaii, Honolulu, Hawaii. 

Environment Protection Department (2011). Guidelines for minimising impacts of oil palm plantations and 

palm oil mills on quality of rivers in Sabah. Environment Protection Department Ministry of Tourism, 

Culture and Environment Kota Kinabalu, Sabah. 

Ewers, R. M., Didham, R. K., Fahrig, L., Ferraz, G., Hector, A., Holt, R. D., Kapos, V., Reynolds, G., Sinun, W., 

Snaddon, J. L. & Turner, E. C. (2011). A large-scale forest fragmentation experiment: the Stability of 

Altered Forest Ecosystems Project. Philosophical Transactions of the Royal Society B: Biological 

Sciences, 366, 3292-3302. 

FAO (1999). Code of practice for forest harvesting in Asia-Pacific. FAO, Bangkok. 

Gregersen, B., Lauridsen, P. E., Kaas, M., Lopdrup, U. & van der Keur, P. (2003). Land use and soil erosion in 

Tikolod, Sabah, Malaysia. ASEAN Review of biodiversity and environmental conservation, January-

March 2003. 

Hartemink, A. E. (2005). Plantation agriculture in the tropics: Environmental issues. Outlook on Agriculture, 

34(1), 11-21. 

Henley, W. F., Patterson, M. A., Neves, R. J. & Lemly, A. D. (2000). Effects of sedimentation and turbidity on 

Lotic food webs: A concise review for natural resource managers. Reviews in Fisheries Science, 8(2), 

125-139. 

Indonesian Ministry of Agriculture (2011). Lampiran 1 peraturan menteri pertanian. Nomor: 

19/Permentan/OT.140/3/2011. Pedoman perkebunan kelapa sawit berkelanjutan Indonesia. Indonesian 

ministry of agriculture, Jakarta. 

Lai, F. S. & Detphachanh, S. (2006). Sediment production during an unusually dry year in the steep forested 

Sungai Pangsun catchment, Selangor, Peninsular Malaysia. Forest Ecology and Management, 224, 157-

165. 

MTCC (2011). Malaysian criteria and indicators for forest management certification (Natural Forest).  MTCC, 

Kuala Lumpur. 

Morgan, R. P. C. (2005). Soil erosion and conservation: Third edition. Blackwell publishing, Oxford. 

Nishimura, K., Shimada, T., Yamada, T., Ishikawa, Y. & Sukapunnaphan, T. (1997). Hydrological 

characteristics influenced by deforestation in tropical areas: the Mae Tang River basin, Thailand. 

Human Impact on Erosion and Sedimentation, 245, 125-134. 

Pimentel, D., Harvey, C., Resosudarmo, R., Sinclair, K., Kurz, D., McNair, M., Crist, S., Shpritz, L., Fitton, L. 

Saffouri, R. & Blair, R. (1995). Environmental and economic costs of soil erosion and conservation 

benefits. Science, 267, 1117-1123. 

Pin, O. K.. Kulim’s endeavour towards sustainable palm oil. Kulim: Johor, Malaysia (available at: 

http://www.palmoilworld.org/PDFs/Sustainable_Production/KulimsEndeavourTowardsSustainablePal

mOil.pdf, accessed 24/06/2016). 

Rashid, S. N. A., Askari, M., Tanaka, T., Simunek, J. & van Genuchten, M. Th. (2015). Inverse estimation of 

soil hydraulic properties under oil palm trees. Geoderma, 241–242, 306–312. 

RSPO INA-NIWG (2008). National interpretation of RSPO principles and criteria for sustainable palm oil 

production: Republic of Indonesia. RSPO, Kuala Lumpur. 

RSPO (2012). RSPO manual on best management practices (BMPs) for management and rehabilitation of 

natural vegetation associated with oil palm cultivation on peat. RSPO, Kuala Lumpur. 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

26 

RSPO (2013). Principles and criteria for the production of sustainable palm oil. RSPO, Kuala Lumpur. 

RSPO MYNI-TF (2015). National interpretation of RSPO principles and criteria for sustainable palm oil 

production. RSPO, Kuala Lumpur. 

Sabah Forestry Department (2009). Code of practice for forest harvesting in Sabah, Malaysia. Sabah 

Forestry Department, Sandakan. 

Tan-Soo, J.-S., Adnan, N., Ahmad, I. & Pattanayak, S. K. (2016). Econometric evidence on forest ecosystem 

services: Deforestation and flooding in Malaysia. Environmental and Resource Economics, 63, 25–44. 

Valentin, C., Agus, F., Alamban, R., Boosaner, A., Bricquet, J. P., Chaplot, V., de Guzman, T., de Rouw, A., 

Janeau, J. L., Orange, D., Phachomphonh, K., Phai, D. D. Podwojewski, P., Ribolzi, O., Silvera, N., 

Subagyono, K., Thiebaux, J. P., Toan, T. D. & Vadari, T. (2008). Runoff and sediment losses from 27 

upland catchments in Southeast Asia: Impact of rapid land use changes and conservation practices. 

Agriculture, Ecosystems and Environment, 128, 225-238. 

Webb, M. J., Nelson, P. N., Bessou, C., Caliman, J.-P. & Sutarta E. S. (eds) (2013). Sustainable management 

of soil in oil palm plantings. Proceedings of a workshop held in Medan, Indonesia, 7–8 November 2013. 

Australian Centre for International Agricultural Research: Canberra. 

Yusop, Z., Chan, C. H. & Katimon, A. (2007). Runoff characteristics and application of HEC-HMS for 

modelling stormflow hydrograph in an oil palm catchment. Water Science and Technology, 56(8), 41-

48. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

27 

Appendix 2:  

Soil erosion 
 

Soil erosion occurs through the detachment of soil particles from the soil mass followed by their 

transport by wind or water and deposition (Morgan, 2005; Sidle et al., 2006). The dominant 

detaching agent is rainsplash in which soil particles are washed from bare ground following the 

impact of a rain droplet. The detachment of soil particles also occurs through weathering, 

exposure to running water, wind, livestock trampling and through direct anthropogenic actions 

such as tilling. Once loosened, sediment is then transported by running water and wind 

eventually entering waterways. Within tropical agricultural systems, plantations and logged 

forest the main sediment sources are thought to be unpaved roads, agricultural and mechanical 

activity on steeply sloping ground and activity close to rivers and other natural waterways. Mass 

transport of soil also occurs following landslides. 

 

In oil palm soil is lost from cleared areas around trees exposing roots which then die back 

inhibiting water and nutrient uptake by trees (Hartemink, 2006) thereby reducing yield. Rates of 

surface erosion and the frequency of landslides within oil palm plantations are dependent upon a 

number of factors including rainfall, terrain, soil type and management practices and as such can 

be expected to vary significantly between estates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

P
re

lim
in

a
ry

 a
ss

e
ss

m
e

n
t 

o
f 

R
S

P
O

’s
 r

e
co

m
m

e
n

d
at

io
n

s 
fo

r 
so

il 
e

ro
si

o
n

 c
o

n
tr

o
l m

e
as

u
re

s 

 

28 

Appendix 3:  

RSPO Principles and Criteria relating 

to the prevention of soil erosion and 

degradation (RSPO, 2013) 
 

 

 

 

Principle 4: Use of appropriate best practices by growers and millers 

 

4.3 Practices minimise and control erosion and degradation of soils. 

 

Indicators: 

4.3.1 Maps of any fragile soils shall be available. 

4.3.2 A management strategy shall be in place for plantings on slopes above a certain 

limit (this needs to be soil and climate specific).  

4.3.3 A road maintenance programme shall be in place. 

4.3.4 Subsidence of peat soils shall be minimised and monitored. A documented water 

and ground cover management programme shall be in place. 

4.3.5 Drainability assessments shall be required prior to replanting on peat to 

determine the longterm viability of the necessary drainage for oil palm growing. 

4.3.6 A management strategy shall be in place for other fragile and problem soils (e.g. 

sandy, low organic matter, acid sulphate soils). 

 

Specific guidance: 

For 4.3.4: For existing plantings on peat, the water table should be maintained at an 

average of 50cm (between 40 - 60cm) below ground surface measured with 

groundwater piezometer readings, or an average of 60cm (between 50 - 70cm) below 

ground surface as measured in water collection drains, through a network of appropriate 

water control structures e.g. weirs, sandbags, etc. in fields, and watergates at the 

discharge points of main drains (Criteria 4.4 and 7.4). 

 

For 4.3.5: Where drainability assessments have identified areas unsuitable for oil palm 

replanting, plans should be in place for appropriate rehabilitation or alternative use of 

such areas. If the assessment indicates high risk of serious flooding and/or salt water 

intrusion within two crop cycles, growers and planters should consider ceasing replanting 

and implementing rehabilitation. 
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Guidance: 

Plantations on peat should be managed at least to the standard set out in the ‘RSPO 

Manual on Best Management Practices (BMPs) for existing oil palm cultivation on peat’, 

June 2012 (especially water management, fire avoidance, fertiliser use, subsidence and 

vegetation cover). 

Techniques that minimise soil erosion are well known and should be adopted, where 

appropriate. These should include practices such as ground cover management, biomass 

recycling, terracing, and natural regeneration or restoration instead of replanting. 

 

For National Interpretation: 

National Interpretation (or an RSPO recognised parallel means) will refer to national 

guidance, and identify the best management practices and appropriate techniques for 

maintaining soil quality in local conditions, including guidance on soil types, and any 

appropriate performance thresholds such as maximum acceptable slope gradient for 

planting. 

 

4.4 Practices maintain the quality and availability of surface and ground water. 

 

Relevant Indicators: 

4.4.2 Protection of water courses and wetlands, including maintaining and restoring 

appropriate riparian and other buffer zones (refer to national best practice and national 

guidelines) shall be demonstrated. 

 

Guidance: 

For 4.4.2: Refer to the ‘RSPO Manual On Best Management Practices (BMP) for 

management and rehabilitation of natural vegetation associated with oil palm cultivation 

on peat’, July 2012. 

 

For National Interpretation: 

National Interpretation will refer to national guidelines or best practice and where 

appropriate include performance thresholds for requirements such as the size and 

location and methods of restoration of riparian strips or acceptable maximum run-off 

levels. 

 

Principle 5: Environmental responsibility and conservation of natural 

resources and biodiversity 
 

5.1 Aspects of plantation and mill management, including replanting, that have 

environmental impacts are identified, and plans to mitigate the negative impacts and promote 

the positive ones are made, implemented and monitored, to demonstrate continual 

improvement. 

 

Indicators: 

5.1.1 An environmental impact assessment (EIA) shall be documented. 

5.1.2 Where the identification of impacts requires changes in current practices, in order 

to mitigate negative effects, a timetable for change shall be developed and implemented 
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within a comprehensive management plan. The management plan shall identify the 

responsible person/persons. 

5.1.3 This plan shall incorporate a monitoring protocol, adaptive to operational 

changes, which shall be implemented to monitor the effectiveness of the mitigation 

measures. The plan shall be reviewed as a minimum every two years to reflect the results 

of monitoring and where there are operational changes that may have positive and 

negative environmental impacts. 

 

Guidance: 

The EIA should cover the following activities, where they are undertaken: 

 Building new roads, processing mills or other infrastructure; 

 Putting in drainage or irrigation systems; 

 Replanting and/or expansion of planting areas; 

 Management of mill effluents (Criterion 4.4); 

 Clearing of remaining natural vegetation; 

 Management of pests and diseased palms by controlled burning (Criteria 5.5 and 

7.7). 

 

Impact assessment can be a non-restrictive format e.g. ISO 14001 EMS and/or EIA report 

incorporating elements spelt out in this Criterion and raised through stakeholder 

consultation. 

Environmental impacts should be identified on soil and water resources (Criteria 4.3 and 

4.4), air quality, greenhouse gases (Criterion 5.6), biodiversity and ecosystems, and 

people’s amenity (Criterion 6.1), both on and off-site. 

 

Stakeholder consultation has a key role in identifying environmental impacts. The 

inclusion of consultation should result in improved processes to identify impacts and to 

develop any required mitigation measures. 

 

For smallholder schemes, the scheme management has the responsibility to undertake 

impact assessment and to plan and operate in accordance with the results (refer to 

‘Guidance for Independent Smallholders under Group Certification’, June 2010, and 

‘Guidance on Scheme Smallholders’, July 2009). 

 

For National Interpretation: 

National Interpretation will consider any national legal requirements together with any 

other issues that are not required by law but are nevertheless important, e.g. 

independent social and environmental impact assessment (SEIA) for replanting may be 

desirable under specific situations. 
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Principle 7: Responsible development of new plantings 

 

7.1 A comprehensive and participatory independent social and environmental impact 

assessment is undertaken prior to establishing new plantings or operations, or expanding 

existing ones, and the results incorporated into planning, management and operations. 

 

Indicators: 

7.1.1 An independent social and environmental impact assessment (SEIA), undertaken 

through a participatory methodology including the relevant affected stakeholders, shall 

be documented. 

7.1.2 Appropriate management planning and operational procedures shall be 

developed and implemented to avoid or mitigate identified potential negative impacts. 

7.1.3 Where the development includes an outgrower scheme, the impacts of the 

scheme and the implications of the way it is managed shall be given particular attention. 

 

Guidance: 

See also Criteria 5.1 and 6.1. 

The terms of reference should be defined and impact assessment should be carried out 

by accredited independent experts, in order to ensure an objective process. Both should 

not be done by the same body. A participatory methodology including external 

stakeholder groups is essential to the identification of impacts, particularly social impacts. 

Stakeholders such as local communities, government departments and NGOs should be 

involved through the use of interviews and meetings, and by reviewing findings and plans 

for mitigation. 

 

It is recognised that oil palm development can cause both positive and negative impacts. 

These developments can lead to some indirect/secondary impacts which are not under 

the control of individual growers and millers. To this end, growers and millers should seek 

to identify the indirect/secondary impacts within the SEIA, and where possible work with 

partners to explore mechanisms to mitigate the negative indirect impacts and enhance 

the positive impacts. 

 

The potential impacts of all major proposed activities should be assessed in a 

participatory way prior to development. The assessment should include, in no order of 

preference and as a minimum: 

 Assessment of the impacts of all major planned activities, including planting, mill 

operations, roads and other infrastructure; 

 Assessment, including stakeholder consultation, of High Conservation Values (see 

Criterion 7.3) that could be negatively affected; 

 Assessment of potential effects on adjacent natural ecosystems of planned 

developments, including whether development or expansion will increase 

pressure on nearby natural ecosystems; 

 Identification of watercourses and wetlands and assessment of potential effects 

on hydrology and land subsidence of planned developments. Measures should be 

planned and implemented to maintain the quantity, quality and access to water 

and land resources; 
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 Baseline soil surveys and topographic information, including the identification of 

steep slopes, marginal and fragile soils, areas prone to erosion, degradation, 

subsidence, and flooding; 

 Analysis of type of land to be used (forest, degraded forest, cleared land); 

 Analysis of land ownership and user rights; 

 Analysis of current land use patterns; 

 Assessment of potential social impacts on surrounding communities of a 

plantation, including an analysis of potential effects on livelihoods, and 

differential effects on women versus men, ethnic communities, and migrant 

versus long-term residents; 

 Identification of activities which may generate significant GHG emissions. 

 

Plans and field operations should be developed and implemented to incorporate the 

results of the assessment. One potential outcome of the assessment process is that the 

development may not proceed because of the magnitude of potential impacts. 

 

For smallholder schemes, the scheme management should address this Criterion. For 

individual smallholders, this Criterion does not apply. 

 

Where there is no National Interpretation, for land areas greater than 500ha, a full 

independent assessment will be required. For land areas less than 500ha, an internal 

assessment using selected components of SEIA and HCV assessments can be used. Where 

such internal assessments identify significant environmentally or socially sensitive areas 

or issues, an independent assessment will be undertaken. 

 

For National Interpretation: 

National Interpretation will identify the relevant accreditations for independent experts. 

National Interpretation will consider setting an appropriate threshold for the size of new 

plantings, below which an internal assessment is allowed, and above which an 

independent SEIA is required. This will list negative social impacts (e.g. displacement, loss 

of the livelihoods of local peoples, etc.) in the national context. 

 

7.2 Soil surveys and topographic information are used for site planning in the 

establishment of new plantings, and the results are incorporated into plans and operations. 

 

Indicators: 

7.2.1 Soil suitability maps or soil surveys adequate to establish the long-term suitability 

of land for oil palm cultivation shall be available and taken into account in plans and 

operations. 

7.2.2 Topographic information adequate to guide the planning of drainage and 

irrigation systems, roads and other infrastructure shall be available and taken into 

account in plans and operations. 

 

Guidance: 

These activities can be linked to the Social and Environmental Impact Assessment (SEIA) 

(see Criterion 
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7.1) but need not be done by independent experts. 

 

Soil suitability maps or soil surveys should be appropriate to the scale of operation and 

should include information on soil types, topography, hydrology, rooting depth, moisture 

availability, stoniness and fertility to ensure long-term sustainability of the development. 

Soils requiring appropriate practices should be identified (see Criteria 4.3 and 7.4). This 

information should be used to plan planting programmes, etc. Measures should be 

planned to minimise erosion through appropriate use of heavy machinery, terracing on 

slopes, appropriate road construction, rapid establishment of cover, protection of 

riverbanks, etc. Areas located within the plantation perimeters that are considered 

unsuitable for long-term oil palm cultivation will be delineated in plans and included in 

operations for conservation or rehabilitation as appropriate (see Criterion 7.4). 

 

Assessing soil suitability is also important for smallholders, particularly where there are 

significant numbers operating in a particular location. Information should be collected on 

soil suitability by companies planning to purchase Fresh Fruit Bunches (FFB) from 

potential developments of independent smallholders in a particular location. Companies 

should assess this information and provide information to independent smallholders on 

soil suitability, and/or in conjunction with relevant government/public institutions and 

other organisations (including NGOs) provide information in order to assist independent 

smallholders to grow oil palm sustainably. 

 

For National Interpretation: 

National Interpretation will specify the local or national code of practice or other 

guidelines that should be followed, or set out what ‘good practice’ constitutes within the 

local and national context. 

 

7.4 Extensive planting on steep terrain, and/or marginal and fragile soils, including peat, is 

avoided. 

 

Indicators 

7.4.1 Maps identifying marginal and fragile soils, including excessive gradients and peat 

soils, shall be available and used to identify areas to be avoided 

7.4.2 Where limited planting on fragile and marginal soils, including peat, is proposed, 

plans shall be developed and implemented to protect them without incurring adverse 

impacts. 

 

Guidance: 

This activity should be integrated with the social and environmental impact assessment 

(SEIA) required by Criterion 7.1. 

 

Planting on extensive areas of peat soils and other fragile soils should be avoided (see 

Criterion 4.3). Adverse impacts may include hydrological risks or significantly increased 

risks (e.g. fire risk) in areas outside the plantation (see Criterion 5.5). 

 

For National Interpretation: 
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National Interpretation will determine specific controls and thresholds, such as slope 

limits, listing soil types on which planting should be avoided (especially peat soils), the 

proportion of plantation area that can include marginal/fragile soils, and definitions of 

‘extensive’, ‘marginal’, ‘fragile’, and ‘excessive’. 

 

Principle 8: Commitment to continual improvement in key areas of activity 

 

8.1 Growers and millers regularly monitor and review their activities, and develop and 

implement action plans that allow demonstrable continual improvement in key operations. 

 

Indicators: 

8.1.1 The action plan for continual improvement shall be implemented, based on a 

consideration of the main social and environmental impacts and opportunities of the 

grower/mill, and shall include a range of Indicators covered by these Principles and 

Criteria. 

 

As a minimum, these shall include, but are not necessarily be limited to: 

 Reduction in use of pesticides(Criterion 4.6); 

 Environmental impacts (Criteria 4.3, 5.1 and 5.2); 

 Waste reduction (Criterion 5.3); 

 Pollution and greenhouse gas (GHG) emissions (Criteria 5.6 and 7.8); 

 Social impacts (Criterion 6.1); 

 Optimising the yield of the supply base. 

 

Guidance: 

Growers should have a system to improve practices in line with new information and 

techniques, and a mechanism for disseminating this information throughout the 

workforce. For smallholders, there should be systematic guidance and training for 

continual improvement. 

 

For National Interpretation: 

National Interpretation will include specific minimum performance thresholds for key 

indicators (Criteria 4.2, 4.3, 4.4, and 4.5). 

 

 


