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Summary  

Project and Client 

Studies on the effectiveness of vegetation for controlling erosion identify growth rates of 
both the tree canopy and root system metrics, and planting density as important criteria. 
We reviewed existing literature on the above- and below-ground growth performance of 
naturally reverting mānuka (Leptospermum scoparium) and kānuka (Kunzea ericoides), with 
a focus on their physical and hydrological influences on slope stability. 

We identified information gaps and data requirements with the potential to underpin 
modelling the effect different planting densities have on the timing (years after planting) 
before space-planted mānuka achieves canopy closure and full soil-root occupancy.  

Hawke’s Bay Regional Council supported this proposal, which was funded by a MBIE 
Envirolink Medium Advice Grant.  

Objectives  

Review and summarise existing literature on individual tree and stand attributes of naturally 
reverting mānuka/kānuka considered relevant to an assessment of their erosion mitigation 
effectiveness.  

Identify information gaps essential for modelling the implications of planting density on the 
erosion susceptibility of marginal land established in plantation-style mānuka, in particular, 
the post-establishment period (years) until effective erosion mitigation is attained.  

Methods 

 A bibliographic search of literature including published scientific papers, popular 
articles and client contract reports (where available), together with unpublished 
theses and data files awaiting publication, was sourced and reviewed.  

 This search focussed on studies documenting the above- and below-ground growth-
performance of individual trees or stands of mānuka/kānuka and, observational, 
measurement or modelling of their physical and hydrological influences on slope 
stability. 

 Where data are available, and considered relevant to this review, comparisons are 
made with research findings for other tree and shrub species commonly found in New 
Zealand. 

Results 

 The bulk of the mānuka and kānuka root mass and root length for trees up to 50-years 
old is concentrated in the top 0.5 m of soil and within a 1.0 m radius of the root bole 
(stump). After naturally reverting stands reach about 16-years-old there was no 
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further increase in lateral root spread while root mass decreased as stand densities 
steadily declined with increasing age. Irrespective of age ~40% of the total below-
ground biomass is contained within the root bole. 

 There is no significant difference in the mean tensile strengths of live roots between 
mānuka and kānuka, sites or age of the trees.  

 Following the felling of kānuka, root-wood strength increased by 33% during the 12-
month time lapse between the death of a parent tree and the onset of root fungal 
decay to reach a maximum of 43.1 MPa. Root tensile strength does not decline below 
the mean live root-wood strength until about 24-months after felling. For temperate 
climates, the rates of decay of root-wood appear to be remarkably similar regardless 
of species or initial root-wood strength. 

 Soils with mānuka/kānuka roots are more stable. The maximum shear strength of soils 
with mānuka/kānuka roots occurs at greater shear displacements, and remains at or 
near maximum peak resistance over a greater range of shear displacements, than soils 
without roots. It is the elastic properties of the live mānuka/kānuka roots, and in 
particular their flexibility, which allow soils to maintain their stability over a broader 
range of slope displacement. 

 Interception losses for closed-canopy mānuka scrub of between 31% and 37% of 
rainfall and 42% for closed-canopy kānuka are considered to be consistent, and the 
relationships between storm interception loss and rainfall are comparable with those 
for other New Zealand vegetation communities. There was some evidence for 
throughfall being higher in winter than in summer. 

 The incidence of storm-initiated landslides was 65% less within 10-year-old, fully 
stocked, mānuka-dominated stands with maximum canopy closure than on adjacent 
areas of pasture. In 20-year old stands, where kānuka was dominant, there were 90% 
fewer landslides and, in still older stands landslides were largely absent. 

 At two North Island locations, canopy closure of space-planted mānuka stands on 
marginal land at densities of ~1000 stems ha–1, and assuming no further mortality, will 
likely occur 7–8 years after establishment.  

Conclusions 

 Mānuka and kānuka roots significantly increase soil shear strength. The magnitude of 
the strength increase depends on both the amount of roots present in the soil and 
their tensile strength. The strength and elastic behaviour of kānuka roots impart 
resilience to the soil by allowing a greater magnitude and range of slope shear-
displacement before failure occurs. From a purely root strength/root decay stand 
point, kānuka would provide a planted slope with greater stability than a similar slope 
planted in many of the other tree species at the same density, and the level of 
reinforcement provided by young, dense stands, whether mānuka or kānuka is 
significant in maintaining stability on steep slopes that would otherwise be susceptible 
to shallow translational landslides. 
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 The level of reinforcement provided is significant in maintaining stability on steep 
slopes that would otherwise fail, particularly those slopes susceptible to storm-
initiated shallow translational landslides. 

 Interception loss is a significant factor in the generally lower soil water content, and 
the shorter annual period of high water content under closed-canopy stands of 
mānuka and kānuka, and is therefore important in reducing the incidence of 
landslides. It is the combined mechanical and hydrological influence of 
mānuka/kānuka that leads to drier, stronger soils, and ultimately to an increase in 
slope stability and hence a reduction in the amount of shallow landslides following a 
rainstorm. Thus their ability to stabilise slopes possibly lies as much with their high 
stand densities as with their morphology and root strength. 

 There is a rapid and highly significant reduction in the incidence of storm-initiated 
landslides with increasing stand age and composition. 

 The ability of reverting stands of mānuka and kānuka to stabilise slopes possibly lies as 
much with their high stand densities as with their root morphology, biomass and root 
strength. 

 Early, above-ground growth performance (2–4-year period after establishment) of 
space-planted mānuka at two North Island locations is of the same order of magnitude 
as for a naturally reverting kānuka stand of comparable age, with canopy closure of 
spaced-plantings potentially occurring 7 to 8 years after the establishment. However, 
site and climate variability, the potential for disease and pest damage, and differences 
in growth (influenced by competition and moisture stress), and form characteristics of 
seedlings (likely related to seed genetics) may influence when actual (years after 
establishment) canopy closure occurs. 

 At the time canopy closure occurs in low-density (c. 1000 stems ha–1) stands of space-
planted mānuka, the combined hydrological and root-reinforcement influences on 
slope stability will be less than that for closed-canopy, and denser stands (> 10000 
stems ha–1) of naturally reverting mānuka and kānuka. Thus, in the event of a storm of 
the magnitude of Cyclone Bola, it is unlikely that a stand of space-planted mānuka at 
1000 stems ha–1 would afford a level of mitigation against the initiation of landslides 
equivalent to that documented for naturally reverting stands of mānuka and kānuka. 
Planting densities would need to be >10000 ha–1 to achieve equivalent slope 
stabilisation. 

Recommendations 

 Canopy interception, soil-water utilisation, root biomass, and root development have 
been studied for naturally reverting stands of mānuka and kānuka but there is little 
quantitative information available for space-planted mānuka. With growing interest in 
the planting of mānuka on marginal land, there is a need for time-series data on 
changes in stand diversity, density, and in their above- and below-ground growth 
performance at the specified spacing prescribed for different marginal landforms. 

 In particular, a time-series data base of below-ground growth metrics is required to 
better understand the effect that planting densities in the range 3–5000 stems ha–1 
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and site factors have on the timing (years after planting) required for mānuka to 
provide an effective root-soil reinforcement function sufficient to ameliorate the 
impact of future storms.  

 With the potential for further establishment of mānuka on marginal land 
(predominantly for honey production), and the introduction of a new Afforestation 
Grant Scheme (AGS), data on the above- and below-ground biomass sequestration 
rates by stands of mānuka established as low-density, plantation-style plantings will 
be of relevance to the national carbon (C) inventory system and policy to reduce net 
greenhouse gas emissions. We therefore propose data collection continue at the Lake 
Tutira and Puketoro Station sites, and additional PSP plots be installed in other regions 
where significant areas of marginal land representative of different landforms have 
been or are likely to be planted in mānuka, e.g. Northland, Taranaki, Waiararapa, and 
Manawatu-Wanganui, Nelson-Marlborough, and where climatic and site factors could 
significantly affect growth rates.  
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1 Introduction   

About 1.45 M ha of New Zealand’s hill country that is environmentally and economically 
marginal for sustained pastoral agriculture has potential to revert to indigenous shrubland 
or forest following removal of stock (Trotter et al. 2005). The planting of marginal land in 
mānuka (Leptospermum scoparium J. R. et G. Forst.) for honey production is gaining 
popularity, providing an alternative land management option (Ministry of Primary 
Industries, 2015). In particular, recent attention on high UMF (unique mānuka factor) 
mānuka established in plantations has seen a renewed interest in this species as a land use 
that may provide multiple benefits. In many regions throughout New Zealand mānuka 
established for the production of honey and oil have been planted in widely spaced rows 
similar to that for plantation forestry with plantings averaging ~1100 stems ha–1. In the East 
Coast Region of the North Island, the planting density requirements for mānuka, established 
primarily as an erosion mitigation measure on land designated as Overlay 3a (the worst of 
the worst eroding land in this region), is 1350 stems ha–1. Mānuka plantings are approved 
and funded through the Erosion Control Funding Programme (formerly the East Coast 
Forestry Project) for areas where effective long term erosion control measure is a 
requirement of the Gisborne District and Regional Plan. Additional benefits accruing from 
honey or oil extraction are of secondary importance.  

High planting density specifications are likely to have an economic impact on honey and oil 
extraction incurred by the additional establishment costs and, reduced levels of production 
with canopy closure occurring earlier than if planted at a wider spacing. The overlapping of 
individual tree canopies and eventual canopy closure supresses flowering development, 
hence honey production is expected to be impacted. Conversely, if the planting density is 
too low the erosion control effectiveness of mānuka will likely be compromised. Thus in 
areas of marginal land where erosion susceptibility is high, a tension exists between driving 
economic gains from honey and oil extraction and, the erosion control effectiveness of 
these plantings.  

Many mānuka plantations are located on steep hill country with a severe to very severe 
erosion susceptibility rating and, where the combination and ‘activity’ status of erosion 
processes can be highly variable. We do not dispute claims that plantation-style plantings of 
mānuka will in time reduce the erosion susceptibility of marginal land. However, there is 
little quantitative evidence, especially for different spacing scenarios, with which to 
establish how long slopes are likely to remain ‘at most risk’ to storm-related damage after 
planting. 

The focus of this review is to collate and review research on mānuka to better understand 
the effect that planting density has on the erosion control effectiveness of space-planted 
mānuka during the early establishment phase, i.e. until canopy closure is attained. This will 
help identify gaps where further information is required to determine how long wide-
spaced mānuka plantings take to become an effective erosion control mechanism on 
marginal land. 
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2 Background 

Mānuka and kānuka are closely related species. In recent years a revision of the species 
Leptospermum led to the transfer of L. ericoides to Kunzea as K. ericoides (A. Rich.) J. 
Thompson (Thompson 1983). Subsequently, kānuka has been split into 10 species, all 
endemic to New Zealand (de Lang 2014). Most erosion-related research involving these 
early colonising species relates to kānuka and from naturally established stands. We used 
findings from kānuka studies as a surrogate for mānuka, where no mānuka information 
exists. Investigations has focused on ‘stands’ of naturally reverted scrub and/or of individual 
trees extracted from these stands, particularly in the East Coast region of the North Island 
(Fig. 1). Table 1 is a summary of locations, type of study and publications related to each of 
the sites shown in Figure 1. Studies include investigations of water balance components 
(e.g. interception of rainfall) (Aldridge & Jackson 1968; Rowe et al. 1999), the mitigation of 
storm-effects such as landslide prevention by closed-canopy stands of scrub (Marden & 
Rowan 1988, 1993; Hicks 1991; Bergin et al. 1995). The use of mānuka/kānuka as a 
bioengineering agent on roadsides and in mine rehabilitation was investigated by Watson et 
al. (1998). Many studies have measured root growth (spread, depth and biomass) (Watson 
& O’Loughlin 1985; Watson et al. 1994), rates of root decay (Watson et al. 1997, 1999) and, 
root tensile strength (Watson & Marden 2004). All these studied stands of naturally 
reverting scrub, hence modelling of soil-root reinforcement and slope safety factor (Watson 
& O’Loughlin 1985; Ekanayake et al. 1998, 2004; Watson et al. 1999) is best understood for 
slopes with high tree densities (>5–10000 stems ha–1). Canopy interception, soil-water use, 
root biomass, and root development have been studied for naturally reverting stands of 
mānuka and kānuka but to our knowledge there are no related studies of widely spaced, 
plantation-style, areas of planted mānuka.  

Studies have quantified the biomass of mānuka/kānuka stands for live tree carbon 
sequestration (Scott et al. 2000; Trotter et al. 2005; Dale 2013; Beets et al. 2014; 
Schwendenmann & Mitchell 2014). Some of these investigations included the extraction of 
mānuka/kānuka root systems and description of their morphology (Fig. 1, Table 1). 
However, only a few of the carbon-related studies determined root biomass (Scott et al. 
2000; Schwendenmann & Mitchell 2014). Other studies estimated root biomass using 
allometric relationships (Trotter et al. 2005; Beets et al. 2014). Although root biomass is not 
in itself considered a metric useful for establishing a root systems contribution to soil 
reinforcement or slope stability, it is nonetheless an important component of soils within 
mānuka/kānuka stands. This is why aspects of these studies relevant to this review have 
been included. 
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Figure 1 Map showing the location of research sites of relevance to this review.  
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Table 1 Locations of mānuka and kānuka-related research shown in Figure 1, publication details and focus of 
research 

Authors Site numbers Research focus 

Aldridge & Jackson 1968 Wellington Rainfall interception 

Bergin et al. 1995 1–19 Stand dynamics and erosion 
mitigation 

Ekanayake et al. 1997 19 Tree root-slope reinforcement 

Ekanayake et al. 2004 19 Slope stability analysis 

Hicks 1989 & 1991 Specific locations not shown Storm damage to scrub 

Marden & Rowan 1988 & 1993 3, 6, 9, 10, 11,16,18 Storm damage 

Rowe et al. 1998 

Schwendenmann & Mitchell 2014 

19 

Auckland 

Interception and throughfall 

Carbon accumulation 

Scott et al. 2000 Tongariro National Park, 13, 
15, 19 

Carbon and nitrogen distribution 

Trotter et al. 2005 13-15, Turangi, Dunedin, 
Auckland, Whanganui, 
Wairarapa, East Coast (20-38),  

Indigenous shrubland as carbon sink 

Watson & O’Loughlin 1985 Mt Thomas Morphology, strength and biomass of 
roots 

Watson & Marden 2004 22  Live root-wood tensile strength 

Watson et al. 1995 13–15, 19 Stand density and slope stability 

Watson et al. 1997 19 Root decay rates 

Watson et al. 1999 13, 14, 19 Root growth, strength and decay 

 

3 Objectives 

Review and summarise existing literature on individual tree and stand attributes of naturally 
reverting mānuka/kānuka considered relevant to an assessment of their erosion mitigation 
effectiveness.  

Identify information gaps essential for modelling the implications of planting density on the 
erosion susceptibility of marginal land established in plantation-style mānuka, for the post-
establishment period (years) until effective erosion mitigation is attained. 

4 Methods 

A bibliographic search of literature, including published scientific papers, popular articles 
and client contract reports (where available), together with unpublished theses and data 
files awaiting publication, were sourced and reviewed.  
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This search focused on studies documenting the above- and below-ground growth 
performance of individual trees or stands of mānuka/kānuka, and modelling of their physical 
and hydrological influences on slope stability. 

Methods used to determine a range of parameters are outlined. Results for mānuka (where 
data exists) and kānuka are presented separately. 

Where data are available, and considered relevant to this review, comparisons are made 
with research findings for other common tree and shrub species in New Zealand. 

5 Review outline and findings 

In New Zealand, trees and shrubs have been used to control erosion on slopes for many 
years. The majority of studies conclude vegetation has a net stabilising effect on most 
slopes. However, studies of the contribution of tree roots to slope stability have been 
limited. The following discussion therefore centres on the current state of knowledge, with 
a particular focus on mānuka and kānuka. Where relevant, reference will be made to 
comparable studies on indigenous and exotic species commonly found in New Zealand. An 
1981 review of root systems and strength relating to land stability was commissioned by 
NWASCO (National Water and Soil Conservation Organisation of New Zealand) (Luckman et 
al. 1981). Subsequently, Phillips and Watson (1994) collated data on root-related research 
available at that time. These, and an earlier review by Hathaway (1973), are the only known 
review articles produced in New Zealand on this topic.  

In this review, previous research is summarised in three sections: 

 Root-related studies that include aspects of root morphology, root biomass and 
root tensile strength, decay rates and elasticity 

 Hydrological studies that include aspects of the water balance (e.g. interception, 
transpiration), storm damage, and the influences of stand age and composition 
of mānuka and kānuka in mitigating storm effects 

 Vegetation and slope stability models 

The implications of these studies are discussed in relation to effectiveness of space-planted 
(low-density) mānuka on “vulnerability’ of marginal land to erosion through effective root-
reinforcement, and protection by a closed canopy. These two mechanisms mitigate the 
potential for landslide initiation.  
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6 Root-related studies 

6.1 Root morphology studies 

Roots are defined in several ways. Three morphological types of tree root systems exist – 
taproot, heartroot, and plateroot (Wilde 1958). Taproot is used to describe the main vertical 
root directly below the bole of the tree. Sinker root refers to other vertical roots coming 
either from the bole or from laterals, and lateral root refers to roots coming from the 
central bole but in the horizontal plane. Other definitions include adjectives such as fibrous 
to describe roots in the zone of free fibrous rooting (Yeatman 1955) that constitutes the 
major feeding medium of the tree. 

Variants of these three major root types may also occur. Inherent differences in patterns of 
root development are especially noticeable in nursery-grown, containerised seedlings, 
which can significantly affect early seedling growth and survival. Root morphology may be 
genetically controlled or modified by environmental and edaphic factors. Similarly, the size 
of root systems is often reduced when grown in competition with that of other trees. In 
open-grown trees the lateral extent of a tree root zone is considered to be about 1 to 3 
times its crown radius (e.g. Johnsen et al. 2005), although the majority of the absorbing 
roots may occur within the soil under the crown. Development of particular root 
morphologies, either in response to environmental conditions or to genetic traits, dictates 
the long-term growth of the tree as well as its contribution to slope stability. 

6.1.1 Methods of study 

To study tree root morphology, the growing medium (usually soil) generally has to be 
removed. Recent advances have seen several geophysical and electrical techniques applied 
to root investigations but the level of resolution and ease of use tend to restrict their wider 
application (e.g. Guo et al. 2013). Various methods for studying root systems are reviewed 
by Bohm (1979), though his emphasis is more on agricultural plants than on trees. In tree 
root studies, the soil is usually removed by mechanical excavation or hydraulic sluicing. 
Generally, the whole tree root system is exposed. Most root investigations in the past have 
consisted of detailed studies of individual trees. This has limited their application to the 
forest stand as a whole, because: 

 relatively few trees can be studied 

 individual trees differ widely within a stand 

 methods are time consuming and the number of trees it is possible to study is 
limited. 

Once a root system has been exposed, the most common method of recording the spatial 
arrangement of roots in the vertical and horizontal planes is by placing a grid over the 
excavated roots. The morphology and the diameters of the individual roots are then 
recorded. Grouping roots into various diameter classes is the most common way of 
recording root length, volume, and biomass.  
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6.1.2 Mānuka/kānuka root morphology studies 

There have been two major studies involving the excavation of whole root systems of 
mānuka and kānuka, where details of their morphology have been recorded. 

The earliest study involved the excavation of mānuka and kānuka at Mt Thomas, Canterbury 
(Site 21, Fig. 1, Table 1). Here, the root systems of nine mānuka (13–48 years old) and one 
50-year-old kānuka were hydraulically excavated from two study sites. In general terms, the 
root systems consisted of a few main structural roots of small diameter. The bulk of these 
roots extended in the upslope direction for a radial distance of ~2 m and gave rise to a 
dense network of fine roots (Watson & O’Loughlin 1985). The largest vertical roots 
originated from directly under the tree stump and within a 0.5 m radius of the stump. They 
tapered rapidly with increasing depth with many roots unable to penetrate beyond 0.5 m 
because of the stony nature of the soil. Lateral roots were confined mainly to the upper 0.25 
m of the soil horizon. Roots that extended furthest from the stumps were generally within 
0.1 m of the ground surface and tended to follow the humus-upper mineral soil contact. 

Nearby, on an alluvial site, three root systems were excavated, two mānuka and one 
kānuka. These mānuka root systems were more symmetrically developed around the root 
bole, had a greater lateral spread of ~2.3 m and penetrated deeper into the lighter sandy 
soils. Vertical root development was dominated by a central taproot which tapered rapidly 
and developed multiple branches. The kānuka root system developed multiple, structural, 
roots extending to depths between 0.4 m and 1.2 m below the surface, while the lateral 
roots extending to ~2.7 m remained largely confined to the top 30 cm of soil, and most 
branching took place within 0.75 m of the stump. 

A later study involved the hydraulic excavation of 23 kānuka root systems from naturally 
reverting stands with mean stand ages of 3, 6, 16 and 32 years, from four sites located in the 
East Coast region of the North Island (Locations 13–15, 19, Fig.1, Table 1). Their morphology 
is typical of many shrub and small tree species in having relatively shallow root systems. The 
root systems of kānuka excavated from the oldest stand consisted of multiple tap roots 
developed below the stump and together with numerous sinker roots they extended to a 
depth of ~1.5 m. There was a strong tendency for the structural lateral roots to concentrate 
in the top 0.25 m of the soil and extend to ~6.1 m (radius) from the root bole. Irrespective of 
age, the lateral roots were asymmetrically distributed around the root bole. 

6.2 Biomass studies 

Biomass studies have traditionally been carried out to determine the productivity and 
growth rates of tree species. In these studies the complete tree is usually removed and 
partitioned into various above-ground and below-ground components. From these 
components parameters are measured (Bohm 1979) and relationships derived that allow 
parameters which are difficult or time consuming to obtain to be estimated. For example, 
relationships between leaf area index and tree diameter at the base of the living crown 
(Whitehead et al. 1990), and between diameter at breast height (DBH), and root biomass 
(Beets et al. 2014). 
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The study of root biomass usually follows on from root morphology studies. The root 
systems are excavated, partitioned into different diameter size classes and are either air 
dried or, more often, oven dried. Structural root biomass studies most commonly measure 
the number, weight, volume and length of roots within each size class. In studies of the 
distribution of root biomass, it may be necessary to measure the parameters in relation to a 
unit soil volume, at unit depths below ground level or unit distances from the root bole. 

6.2.1 Mānuka and kānuka root biomass studies 

Root biomass research was also undertaken at the Mount Thomas (Location 21) and the 
East Coast region sites where root morphology was quantified (Locations 13–15, 19, Fig. 1, 
Table 1). At location 21, whole root systems were hydraulically excavated, transported to 
the laboratory, and partitioned into the following diameter size classes: 

 fine roots <2 mm diameter 

 medium roots 2–20 mm diameter 

 coarse roots >20 mm diameter 

 the central root bole at the base of the stems. 

The root-wood was dried, then weighed, and the total length of medium and coarse roots 
for each individual root system was measured. Estimation of root biomass per hectare is 
based on the basal area of each mānuka tree (or summed basal area of multi-stemmed 
trees) measured within plots, and a regression of root weight (kg) on tree basal area (cm2) 
for the excavated mānuka trees. 

Each of the 23 kānuka root systems excavated from the four East Coast sites were also 
hydraulically excavated.  Root systems were systematically dissected in layered concentric 
discs, each 0.5 m radius by 0.5 m deep disc. The roots within each disc were then sorted into 
the following diameter size classes (over bark): 

 Non-structural roots < 2 mm  

 Very small structural roots 2–5 mm  

 Small structural roots 5–10 mm 

 Medium structural roots 10–20 mm 

 Large structural roots 20–50 mm 

 Very large structural roots 50–100 mm 

 Coarse structural roots 100–150 mm 

 Central root bole at base of stem. 

The total length of roots within each size class was measured before oven drying and 
weighing to determine dry weight. By root diameter size class, the distribution of total root 
length and root biomass was calculated for each of the radial and depth increments.  
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In addition, the above-ground portion of each kānuka was partitioned into foliage (includes 
branches <2 mm in diameter), branches, and stem before being oven dried and weighed. 
These data were used to calculate whole-tree biomass and the ratio of above-ground to 
below-ground biomass.  

6.2.2 Results 

At Mt Thomas, 44% of the total weight of mānuka root biomass was contained in the central 
root stump, and less than 2% in roots <2 mm diameter (Table 2). By comparison, for 
individual kānuka excavated from stands with mean ages of 6-, 16-, and 32-years (Sites 13, 
15, and 19, Fig. 1), the root bole biomass remained constant at ~40% of total below ground 
biomass, and 6%, 3.4% and 3% respectively was in roots <2 mm diameter (unpublished). 

 

 

Table 2. Root system biomass data (kg) by root-size diameter class for mānuka (from Watson & O'Loughlin 
1985) 

Tree no. <2 mm 2–20 mm >20 mm Stump Totals 

1 0.02 (1)
1
 0.37 (24) 0.35 (23) 0.81 (52) 1.55 

2 0.02 (1) 0.28 (19) 0.56 (39) 0.59 (41) 1.45 

3 0.05 (2) 0.71 (34) 0.44 (21) 0.86 (42) 2.06 

4 0.06 (3) 0.45 (25) 0.64 (36) 0.63 (35) 1.78 

5 0.23 (1) 2.90 (14) 5.29 (26) 12.06 (59) 20.48 

6 0.02 (1) 0.32 (21) 0.39 (26) 0.77(51) 1.50 

7 0.01 (8) 0.08 (61) nil 0.04 (31) 0.13 

8t - 5.73 (25) 6.02 (27) 10.85 (48) 22.61 

9 _ 1.19 (33) 0.91 (25) 1.54 (42) 3.64 

10 - 1.75 (20) 3.92 (44) 3.29 (27) 8.96 

1
Figures in parentheses represent percentage of totals, t = Kānuka tree. 

Root length data for individually excavated root systems showed that over 90% of the total 
length of structural roots (>2 mm in diameter) was in the 2–20 mm diameter root class and 
only about 6% of the total root length was in the >20 mm diameter class (Table 3).  

By comparison, for the kānuka stands at Waimata (Location 19, Fig. 1) 0.5% of the total root 
length for individual trees within a 3-year-old stand (based on mean tree age) was in the >20 
mm diameter class, increasing to 0.9% by age 6 years, 1.2% by age 16 years, and 2.3% by 32 
years (unpublished). 
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Table 3 Root length (m) by root-size diameter class for mānuka (from Watson & O'Loughlin 1985) 

Tree no. 2–20 mm >20 mm Totals 

1 22.8 (96)* 1.0 (4) 23.8 

2 23.1 (95) 1.2 (5) 24.3 

3 33.1 (97) 1.2 (3) 34.3 

4 26.0 (95) 1.4 (5) 27.4 

5 208.0 (95) 10.7(5) 218.8 

6 35.4 (97) 1.1 (3) 36.5 

7 6.2 (100) Nil 6.2 

8t 111.7 (91) 11.5 (9) 123.2 

9 27.6 (96) 1.2 (4) 28.8 

10 55.6 (92) 4.9 (8) 60.5 

*Figures in parentheses represent percentage of totals, t = kānuka tree. 

 

For individual trees up to 16 years old growing in a naturally reverting stand of kānuka north 
of Gisborne (Locations 13–15, Fig. 1), roots were beginning to reach their maximum lateral 
extension. About 90% of the root mass was confined to the top 0.5 m of the soil profile, 5% 
within the 0.5–1.0 m depth, and 5% at depths greater than 1.0 m. For the oldest stand 
(Locations 19, Fig. 1), there was no further increase in lateral root spread.  As stand densities 
steadily decline with increasing age, the root biomass component of the soil in the upper 0.5 
m of soil decreased to ~80%, 15% within the 0.5–1.0 m and 5% deeper than 1.0 m. Also, 
greater than 80% of the root mass was confined to within 1 m of the root bole (Watson et 
al. 1997). 

Both these studies support the conclusion that the level of root reinforcement provided is 
significant in maintaining stability on steep slopes that would otherwise fail, particularly 
those slopes susceptible to storm-initiated shallow translational landslides, because the bulk 
of the mānuka and kānuka root mass and root length is concentrated in the top 0.5 m of 
soil. 

Although termed shrub species, mānuka and kānuka in other than the juvenile phase 
develop a defined stem and crown structure similar to small forest trees. Allometric 
equations relating above- and below-ground (coarse root) biomass to diameter at breast 
height (DBH) can therefore be developed (Scott et al. 2000). Destructive harvest of 
mānuka/kānuka to determine AGB and coarse root biomass across five sites with varying 
soils and climate yielded strong linear relationships between log-log transformations of DBH 
and AGB or DBH and coarse root biomass: adjusted r2 values of 0.98 or 0.92, respectively. 
Site location had no significant effect on the slope (P = 0.11), and a significant (P<0.0001) 
but a minor effect on the intercept, of the log-log equations. Equations derived by fitting 
data from all sites showed the mean differences between sites were smaller than those 
arising from variation between trees at an individual site. Mānuka/kānuka biomass can 
therefore be estimated without loss of accuracy over a wide range of climo-edaphic 
conditions using a single set of allometric equations (Trotter et al. 2005). Scott et al. (2000) 
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have also shown there is no significant difference between equations for these two 
shrubland species. 

Measurement of overbark DBH (mm) of 23 kānuka excavated from sites 13–15 & 19 (Fig. 1) 
plotted against the corresponding total root biomass (kg) (Fig. 2) produced the following 
equation: 

Below-ground biomass = 7.69 × 106(DBH) 3 

r2 = 0.97, P <0.001, (n = 23)  

The following linear regression allows estimations of tree age (years) from known DBH 
(mm). 

Tree age = –2.19 + 0.26 (DBH) 

r2 = 0.94, P <0.001, (n = 23)  

 

 

Figure 2 Regression of DBH (mm) against below-ground biomass (Watson et al. 1997).  
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Above-ground, below-ground, and total tree biomass (kg), when regressed against tree age 
(years), can be expressed by a single equation: 

Biomass = a (tree age)3  

where: 

 r
2
 P a n 

Age vs above-ground biomass 0.97 <0.001 3.2 x 10
-3

 23 

Age vs below-ground biomass 0.97 <0.001 0.6 x 10
-3

  23 

Age vs total tree biomass 0.97 <0.001 3.7 x 10
-3

 23 

 

To estimate total root biomass accumulation rates per hectare, measurements of DBH are 
made on all live stems within plots, and converted to biomass using the allometric 
equations. For the stands at Mount Thomas, six 10 × 10 m plots were established at the 
same location where the sample trees were excavated, i.e. kānuka within the plots were of 
the same age distribution as the sample trees. With a mean stand density of 7050 stems ha–

1 and a mean basal area of 44.7 m2 ha–1, the regression equation for dry root weight against 
basal area is (see Fig. 3): 

Total root weight (kg) = 0.065X - 0.613 r2 = 0.99 

where X = tree basal area (cm2) at breast height (1.4 m), gave root biomass of between 16.0 
and 36.9 tonnes ha–1, and a mean of 24.9 tonnes ha–1 (Table 4). 

By comparison, stands of comparable age in the East Coast region had attained a basal area 
of 40 m2 ha–1 by 30 years but this decreased with increasing age as stand densities declined 
(Bergin et al. 1995). (Note: tonnes ha–1 not presented in this study). 

 

Figure 3 Regression of root weight on tree basal area for 10 mānuka trees excavated at Mt Thomas, 
Canterbury (Watson & O’Loughlin 1985). 
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Table 2 Mean diameter, basal area, tree density and estimated tree root biomass for six 100m² mānuka plots 
(from Watson & O’Loughlin, 1985) 

Plot 
Average height 
(m) 

Basal area  
(m²/ha) 

Stand density 
(trees/ha) 

Root weight 
(tonnes/ha) 

1 

2 

3 

4 

5 

6 

Mean 

s.d. 

7.2 

6.7 

6.8 

11.7 

7.0 

6.8 

7.7 

1.8 

39.5 

31.1 

41.3 

59.3 

50.2 

46.6 

44.7 

8.9 

7400 

7000 

7500 

3700 

7100 

9600 

7050 

1734 

21.2 

16.0 

22.3 

36.9 

28.4 

24.4 

24.9 

6.5 

 

By comparison, for the stand densities at sites 13, 15, and 19 (Fig. 1) root biomass by 6 years 
was 13 t ha–1, increasing to 29 t ha–1 by 16 years, and to 78 t ha–1 by 32 years (Table 5). 

Table 3 Stand densities and below-ground biomass of sampled trees for kānuka excavated from sites 13, 15, 
and 19 (Figure 1) 

Mean age (years) 

Stand densities (stems ha
–1

) 

Biomass (t/ha) 

6 

15 870 

13 

16 

12 800 

29 

32 

3900 

78 

Biomass growth rate (t ha
–1

 yr
–1

) 2.2 1.8 3.1 

 

Rates of net root biomass accumulation (inclusive of the root bole) are calculated as the 
sum of the root biomass divided by stand age (Table 5). 

Early estimates of below-ground biomass (roots and bole combined) assumed that 20% of 
total biomass is contained in roots (Hall et al. 1998). By comparison, Scott et al. (2000) 
found that the below-ground biomass component of mānuka and kānuka excavated from 
sites in the Tongariro National Park averaged 12.5% of whole tree biomass, while those 
excavated from East Coast sites averaged 15%; however, they considered these figures to be 
low because root systems were excavated from a unit area thus root recovery was 
incomplete. In a separate study undertaken at four sites in the East Coast region, whole tree 
biomass was measured by partitioning both the excavated kānuka root systems, and the 
above-ground components of 23 individual trees, oven drying and weighing. Mean below-
ground biomass for stands with a mean age of 3 years, 6 years, 16 years and 32 years, 
averaged 30% (n = 8), 15% (n = 5), 20% (n = 5), and 17% (n = 5) respectively, of whole tree 
biomass (Watson et al. 1995). Schwendenmann et al. (2014) reported that the root biomass 
for five kānuka with a mean tree height of 11.3 ± 0.4 was 19% of total tree biomass. For 
kānuka at a similar tree height (range 12.4 – 14.2 m), where whole root systems were 
extracted from location 19 (Fig. 1), the root biomass of 32-year-old trees was 17% of total 
tree biomass.  
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More commonly, below-ground biomass data for mānuka/kānuka is not available, and has 
to be derived by regression against an easily attainable above-ground parameter (DBH) (e.g. 
Will 1966; Jackson & Chittenden 1981; Watson & O'Loughlin 1990; Beets et al. 2014). A lack 
of species-specific root biomass data has meant a root-shoot ratio of 0.25, based on IPPC 
guidelines for mature temperate broadleaved forest, is often used to account for below-
ground biomass in New Zealand trees (e.g. Beets et al. 2012). 

6.3 Root tensile strength of live roots and rates of decay 

6.3.1 Introduction 

Strength characteristics of individual roots also determine the role that trees, and in 
particular tree roots, play in contributing to slope stability. The strength of both live and 
dead roots is important, as the cutting or removal of trees tends to de-stabilise slopes and 
increase rates of erosion. Specifically, it is also important to look at how quickly root 
strength decreases with time once the above-ground part of the tree has been removed. 
Such information informs decisions on how soon replanting should be carried out, or on 
optimal planting–spacing for new forest areas by indicating the period at which clearfelled 
areas and young plantings are at their most vulnerable to erosion. 

Root tensile strength, like root morphology, varies with growing environment, season, root 
orientation, and root diameter, as well as with species (Burroughs & Thomas 1977). Root 
tensile strength is also dependent on the grain-size distribution of the growing medium, and 
consequent differences in root shape. Roots from fine-grained soils tend to be straight with 
a circular cross-section. Under tension the load is evenly distributed across the section, 
giving a clean break at right angles to the root length. Roots growing in coarser material or 
in compacted, layered, and cracked soils tend to develop kinks that weaken them. Under 
tension the kinks straighten, giving high tensile forces on the inside of the kink. The result is 
a progressive failure at a lower load, which starts at the inner fibres and moves across the 
section. The process occurs rapidly and gives rise to a nonplanar broken cross-section. 

Hathaway and Penny (1975) reported seasonal fluctuations in tensile strength due to 
variations in specific gravity and the lignin/ cellulose ratio, while Schiechtl (1980) has shown 
that roots of tree species growing on slopes and extending uphill are stronger than those 
extending downhill, apparently due to differences in structure of the root tissue. Several 
researchers have noted a decrease in tensile strength with increasing root diameter 
(Turmanina 1965; Wu 1976; Burroughs & Thomas 1977; Greenway et al. 1984). 

6.3.2 Methods 

In New Zealand, root strength is measured as the tensile strength of individual tree roots. 
Using a floor model 1195 Instron Universal Testing Machine equipped with a reversible load 
cell of 5 kN maximum capacity, both ends of a length of root are clamped and a force 
applied. The root is strained in tension at a rate of 20 mm/minute until rupture occurs. The 
resistance to being pulled apart is taken as the measure of tensile strength. Results are 
recorded on a chart recorder as applied force versus root deformation. Maximum tensile 
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strength (MPa) is calculated by dividing the applied force (kN/103) required to break the 
root by the cross-sectional area (m2) of the root at its rupture point. Roots that break 
because of crushing or slippage between the clamps are discarded.  

6.3.3 Results 

Two major studies on root tensile strength of live roots of mānuka and kānuka are reported. 
An early study tested 62 samples of live mānuka root from Mt Thomas, North Canterbury 
(Location 21, Fig. 1). Mean live root-wood tensile strength was 34.24 MPa (mean diameter 
4.9 mm) (Table 6) (Watson & O’Loughlin 1985). In a later study, tensile strength tests on 64 
live, small-diameter roots (1.1–13.5 mm) of kānuka sampled from the Gisborne region 
(Location 19, Fig. 1) showed a mean live root-wood strength of 32.45 MPa (Watson et al. 
1997) (Table 7). There was no significant difference (comparison wise error rate = 0.0003) in 
the mean tensile strengths between sites, age of the trees or between mānuka and kānuka 
(Fig. 4). This indicates their ability to stabilise slopes lies as much with their high stand 
densities (up to 43 000 stems ha–1 for a fully-stocked stand, Bergin et al. 1995) as with their 
morphology and root strength. 

Table 4 Live root-wood tensile strength (TS) and diameter (D) of mānuka (Leptospermum scoparium) from Mt 
Thomas, Canterbury (from Watson & O’Loughlin 1985) 

Root class  
(no. tested) 

Mean TS 
(MPa) 

Mean D 
(mm) 

Max TS 
(MPa) 

Max D 
(mm) 

Min TS 
(MPa) 

Min D 
(mm) 

s.d. TS 
(MPa) 

s.d. D 
(mm) 

Mānuka  
Live roots (62) 

34.24 4.9 93.46 9.9 9.38 1.5 18.47 2.1 

 

Table 5 Root-wood strength and root diameter of kānuka over a 48-month period. Figures in parentheses 
represent the standard error of means (Watson et al. 1997) 

Months since cutting Mean tensile strength 
(MPa) 

Mean root diameter  
(mm) [n] 

0 32.45 (1.59) 4.7 [64]. (0.3) 

6 36.36 (1.36) 5.6 [74], (0.4) 

12 43.13 (1.42) 5.9 [80], 0.3 

18 34.94 (1.56) 5.2 [89], (0.3) 

24 31.64 (1.38) 6.1 [100], (0.3) 

30 28.30 (1.41) 6.1 [79], (0.3) 

36 24.20 (1.67) 7.0 [67], (0.4) 

42 19.15 (1.04) 5.3 [68], (0.2) 

48 15.53 (0.94) 6.3 [87], (0.2) 

 



Research on the erosion control effectiveness of naturally reverting mānuka and kanuka: a review 

Page 16  Landcare Research 

Comparisons of root tensile strength for other New Zealand indigenous and plantation 
species are shown in Table 8.  Their relative strength differences are shown in Figure 4.  

 

 

Figure 4 Mean live-root wood tensile strengths of some common New Zealand indigenous and plantation trees 
and scrub species obtained from roots between 1 and 4 mm under-bark diameter (Watson & Marden 2004). 
 

It is clear that the tensile strength data must be regarded as indicative rather than definitive 
for each species. It should also be noted that a recognised standard test procedure for 
testing roots is lacking, and that differences in test procedure might account for some of the 
variation in the data. 
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Table 6 Root tensile strength data from Watson & Marden (2004) compiled from various sources 

Common name Mean tensile strength 
(MPa) 

Mean under bark root  
diameter (mm) 

Number of samples tested 

Lacebark 51.28 2.11 23 

Kowhai 43.72 1.89 28 

Mānuka 41.71 2.50 22 

Kohuhu 29.30 1.96 18 

Fivefinger 28.16 2.74 52 

Rewarewa 26.83 2.64 24 

Cabbage tree 26.42 2.35 48 

Ribbonwood 21.59 2.30 22 

Lemonwood 16.44 2.77 24 

Tutu 15.68 2.11 29 

Karamu 8.38 2.59 13 

Southern rata 52.06 2.49 23 

Hard beech 44.17 3.15 15 

Mānuka 37.44 2.66 22 

Red beech 36.13 2.64 52 

Kānuka 34.11 2.65 32 

Kamahi 28.91 3.28 15 

Mountain beech 25.90 2.87 37 

Douglas fir 25.79 2.84 22 

Radiata pine 17.52 3.20 110 

6.3.4 Root decay rates 

Trees in a stand of kānuka near Gisborne (Location 19, Fig. 1) were felled, and thereafter, 
lengths of root were collected at 6-monthly intervals to determine their loss of tensile 
strength and elastic properties over a period of 48 months (Watson et al. 1997). Over the 12 
months after felling of the parent trees, root-wood strength increased by 33% to reach a 
maximum of 43.1 MPa. That is, there was a 12-month time lapse between the death of a 
parent tree and the onset of root fungal decay.  Root tensile strength did not decline below 
the mean live root-wood strength until about 24 months after felling (Table 8, Fig. 5).  

The mean rate of loss of tensile strength of kānuka root-wood over the 4-year post-felling 
period was 4.2 MPa year–1, about a third lower than that of P. radiata at 5.9 MPa year–1 
(Watson et al. 1995). It took more than 3 years (40 months) for kānuka root-wood strength 
to fall below the live root-wood strength of P. radiata (O’Loughlin & Watson 1979). 
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Table 7 Root-wood strength and root diameter of kānuka (after Watson et al. 1999). Figures in parentheses 
represent the standard error of the mean 

Months since cutting Mean tensile strength 
(MPa) 

Mean root diameter 
(mm) [n]  

0 32.45 (1.59) 4.7 [64], (0.3) 

6 36.36 (1.36) 5.6 [74], (0.4) 

12 43.13 (1.42) 5.9 [80], (0.3) 

18 34.94 (1.56) 5.2 [89], (0.3) 

24 31.64 (1.38) 6.1 [100], (0.3) 

30 28.30 (1.41) 6.1 [79], (0.3) 

36 24.20 (1.67) 7.0 [67], (0.4) 

42 19.15 (1.04) 5.3 [68], (0.2) 

48 15.53 (0.94) 6.3 [87], (0.2) 

 

 

Figure 5 Plot of mean tensile strength against time elapsed since tree felling for kānuka roots < 20 mm 
diameter and radiata pine roots <18 mm diameter (Watson et al. 1999). 

6.3.5 Development of root-wood strength decline curves 

The decline in tensile root-wood strength can be approximated by a negative exponential 
curve (O'Loughlin & Watson 1979; Ziemer 1981) of the general form y = ae-bx. 

Where: y = TSt = tensile strength of root-wood sampled at t months; a = TSm = maximum 
tensile strength of root-wood sampled from live trees; b = probability of decay; 

x = t = time of root sampling minus time, since felling, to reach maximum tensile 
strength. 
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This gives 

TSt = TSme-bt   

If the term e-b is an expression for the decline in root-wood strength, it follows that the time 
taken for the root strength to decline to half live root-wood tensile strength is: 

t0.5 = log 0.5/loge-b (Martin 1973)  

where: t0.5 = the half-strength period. 

If the maximum root-wood strength occurred after tree felling, that time must be added to 
obtain the corrected value of the half-strength period. 

These relationships are used to determine the parameters of the strength decline curves. 

For kānuka the strength decline curve (Table 10, Fig. 5) is 

TSt = 42.73e-0.026x r2 = 0.98   

Considering that the maximum root-wood strength occurred 12 months after felling, the 
half strength period is 

t0.5 = 26.7 + 12 = 38.7 months  

By comparison, for southern rata the revised strength decline curve (Table 9, Fig. 6) is 

TSt = 64.26e-0.023x r2 = 0.99 

The maximum southern rata root-wood strength occurred 15 months after felling, giving a 
half-strength period of 

t0.5 = 30.1 + 15 = 45.1 months  

 

Table 8 Exponential relationships between root-wood tensile strength and months after clearfelling of parent 
tree (y = ae

-
*

5
*) 

Species n a b r2 e-b *t 0.5 

Kānuka 7 42.73 0.026 0.98 0.974 38.7 

Southern rata 4 64.26 0.023 0.99 0.977 45.1 
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Figure 6 Root-wood strength decline curves from Watson et al. (1997). Negative exponential relationship 
between mean tensile strength (MPa) and time elapsed since occurrence of maximum tensile strength 
(months) for root-wood of kānuka and southern rata.  
 

6.3.6 Elastic behaviour of kānuka roots 

When a material is put in tension, the stress is linearly proportional to the strain during the 
initial portion of the stress-strain curve. This proportional region of the curve is where the 
material shows elastic behaviour. Beyond the proportional limit the relationship no longer 
holds and the material undergoes plastic deformation. The length of root section between 
the clamps was measured and for each root tested a tangent was drawn to the resulting 
stress-strain curve. The point where the tangent deviated from the curve was taken to be 
the position of the proportional limit. 

The modulus of elasticity is defined by E = Stress/Strain 

Where: 

Stress = Fp/A Strain = lp/l 

E = modulus of elasticity (MPa) 

Fp = applied force at the proportional limit (MPa) 

A = cross-sectional area of the root (m2) 

1 = original root length (m) 

lp = root deformation at the proportional limit (m) 

The mean modulus of elasticity of kānuka roots reached a peak 12 months after the cutting 
of the parent tree and declined somewhat erratically thereafter (Table 11). This result more 
or less mirrors the trend displayed by the mean tensile strength data. 
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Table 9 Modulus of elasticity and maximum elongation of kānuka root-wood (Watson et al. 1997) 

Months since cutting 
(n) 

Modulus of elasticity (MPa) Max. root elongation (mm) 

Mean (sd) Max. Min. Mean (sd) Max. Min. 

0 (64) 830 (335) 1933 317 6.9 (2.8) 20 3 

6 (74) 866 (393) 2284 339 11.0 (3.8) 21 4 

12 (80) 1151 (410) 3151 315 7.8 (2.5) 16 3 

18 (89) 949 (537) 2948 343 5.9 (1.8) 11 2 

24 (93) 925 (415) 2159 128 6.1 (3.5) 21 2 

30 (73) 868 (450) 1953 223 7.2 (2.5) 15 3 

36 (57) 909 (461) 1960 131 4.0 (1.9) 8 1 

42 (68) 631 (349) 1814 81 4.5 (1.7) 10 2 

48 (87) 673 (395) 2119 81 4.2 (1.6) 11 2 

 

The stress-strain relationship of kānuka roots changes as they decay and lose their elastic 
properties (i.e. flexibility).  Roots become increasingly brittle. This loss of elasticity is 
illustrated by the gradual decrease in the distance between the rupture point (RP) and the 
proportional limit (PL) and the gradual decrease in value of PL (Fig. 7). 

 

 

Figure 7 Applied force-deformation curves resulting from tensile wood strength tests on three kānuka roots at 
different stages of decay. RP = Rupture Point, PL = Proportional Limit (Watson et al, 1997). 
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6.3.7 Summary 

Roots are known to enhance soil strength (e.g. Ekanayake & Phillips 1999; Gray & Sotir 
1996; Wu et al. 1979). As roots of the faster growing plant species (softwoods) are inclined 
to have lower tensile strength than similar sized roots from the slower growing hardwood 
species (O’Loughlin & Ziemer 1982), their live tensile strength magnitudes tend to be 
species specific. 

For temperate climates, the rates of decay of root-wood appear to be remarkably similar 
regardless of species or initial root-wood strength. This is shown in Table 12, where figures 
from New Zealand are listed with overseas data (O’Loughlin 1974; Burroughs & Thomas 
1977; O’Loughlin & Watson 1979, 1981; Ziemer 1981; O’Loughlin & Ziemer 1982). The 
overall average rate of loss of root tensile strength is 0.46 MPa/ month. This suggests that if 
slope stability is a consideration when re-vegetating, and the live root-wood tensile 
strengths of the tree species involved are known, it would be possible to estimate the time 
between the loss of the root strength component of the soil strength and subsequent 
increase in cohesion as the roots of the secondary crop colonise the soil. 

Table 10 Rate of loss of root-wood tensile strength 

Species Country Strength loss 
(MPa/month) 

Rata New Zealand 0.45 

Beech New Zealand 0.46 

Radiata pine New Zealand 0.49 

Douglas fir USA 0.52 

Western hemlock Canada 0.46 

Sitka spruce Alaska 0.40 

Mean  0.46 

 

7 Hydrological studies, storm influences and stand age and composition 
on slope stability 

7.1 Introduction 

Rainfall on a vegetated slope is partly intercepted by the foliage, which leads to absorptive 
(interception) and evaporative losses (evaporation plus transpiration) of moisture that 
ultimately reduce the amount of rainfall available for infiltration. Interception losses are 
controlled by many factors, including the canopy architecture, species type, the proportion 
of the slope area vegetated, the rainfall intensity and duration, antecedent moisture 
conditions, and climatic and seasonal conditions. Generally, interception losses may account 
for a large proportion of gross rainfall in dense forests under certain circumstances. 
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Additionally, most studies show a diminishing interception loss with increasing storm 
magnitude and intensity. 

Transpiration, the rate at which a plant consumes soil moisture, depends on many factors, 
including the architecture, leaf area, and species of the vegetation, weather, climatic and 
seasonal factors, and features of the growing site. On vegetated slopes plant demands for 
water are met by the extraction of soil moisture by roots; this directly lowers the moisture 
content of the soil within the root zone, and may alter the distribution of soil moisture (and 
pore-water pressures) well below the root zone. Reductions in soil moisture content result 
in lower pore pressures within the slope, observable as increased matrix suctions in 
unsaturated soil and lower groundwater levels.  

Evapotranspiration and interception by vegetation in combination lead to drier soil 
condition and delay or mitigate the onset of saturation in the slopes, which in turn improves 
soil strength and slope stability. 

When trees are being used to enhance stability, their main purpose is to provide rapid 
canopy and root development to cover and reinforce the slope. Planting densities and 
silvicultural regimes for erosion-prone sites must therefore focus on achieving root and 
canopy occupancy of the slope as quickly as possible. Manipulating a tree canopy, through 
planting density or thinning, can have a profound influence on the soil-water regime, and 
hence soil strength, by altering the water content in the upper soil layers. Hence, a clear 
idea of the cause and effect of different management regimes must be kept in mind at the 
outset of plantation planting orientated at erosion control, so a mature vegetative cover is 
actively maintained on more vulnerable sites. 

7.2 New Zealand studies on interception loss 

New Zealand data on interception loss has been published for stands of woody vegetation 
including gorse (Aldridge 1968), regenerating kamahi (Jackson & Aldridge 1973), beech 
forests (Aldridge & Jackson 1973; Rowe 1975, 1979, 1983), and Pinus radiata (Fahey 1964; 
Pearce et al. 1987; Kelliher et al. 1992; Duncan 1995; Rowe unpubl. data for Chaneys and 
Eyrewell Forests). Studies on interception loss for mānuka (Leptospennum scoparium) is 
limited to single stands in a regenerating forest catchment at Taita in the lower North Island 
(Aldridge & Jackson 1968), and at Puketurua in Northland (Blake 1965). 

Research after the 1988 Cyclone Bola 1988 showed that stands of mature regenerating 
kānuka (Kunzea ericoides var. ericoides, or white tea tree) provided a high level of 
protection against storm-initiated landslides (Marden & Rowan 1988, 1993). At this time 
there was no published water balance data for kānuka stands in New Zealand. A logical 
extension of the Cyclone Bola findings was therefore to measure rainfall interception to 
provide information on how a closed-canopy kānuka stand influences the site water 
balance, and its implications for slope stability. The site chosen for this work (Location 19, 
Fig. 1) was one of the sites used in the initial storm damage assessments (Marden & Rowan 
1988, 1993; Bergin et al. 1993, 1995).  It was also used in later studies on root reinforcement 
of live roots (Ekanayake et al. 1997), root decay rates (Watson et al. 1997, 1999) and root 
tensile strength (Watson & Marden 2004). 
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7.3 Results  

Comparisons of through fall (Fig. 8) and interception loss (Fig. 9) for kānuka with previous 
studies show that they fall within general trends for other taller woody vegetation types 
studied in New Zealand. 

 

Figure 8 Annual rainfall–throughfall relationships for a number of New Zealand studies with differing 
vegetation types. Triangles = scrub; dots = native forest; squares = P. radiata; crossed box = kānuka) (from 
Rowe et al. 1997). 

 

Figure 9 Annual rainfall-interception loss relationships for a number of New Zealand studies with differing 
vegetation types. Triangles = scrub; dots = native forest; squares = P. radiata; crossed box = kānuka (after 
Rowe et al. 1997). 
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Two earlier studies reported interception losses for mānuka scrub of 37% and 31% of 
rainfall, respectively (Aldridge & Jackson 1968; Blake 1965). The interception loss for kānuka 
at Waimata, as a percentage of rainfall (42%), is at the top end of losses previously reported, 
and has been attributed to the kānuka at Waimata being taller than either of the mānuka 
stands (Rowe et al. 1997). The results are considered to be consistent with other studies if 
the annual losses are viewed as a proportion of annual rainfall, and the relationships 
between storm interception loss and rainfall are comparable with those for other vegetation 
communities. There was also some evidence for throughfall being higher in winter than in 
summer. 

An annual interception balance for the kānuka stand at Waimata would be: 

Rainfall (1780 mm) = Throughfall (1020 mm) + Stemflow (20 mm) + Interception Loss 
(740 mm)  

An estimate of interception loss for individual storms (in mm) is: 

Interception loss = 0.32* Rainfall + 2  

Interception losses are higher in summer than in winter.  

All studies, on both closed-canopy stands of mānuka and kānuka conclude interception loss 
is a significant factor in mitigating soil erosion. During normal climatic conditions, the 
generally lower soil water content, and the shorter annual period of high water content 
under a closed-canopy, is considered important in reducing the incidence of landsliding 
(Pearce et al. 1987).  

However, most of the major incidences of shallow landsliding in the North Island’s East 
Coast region have been associated with infrequent, heavy rainfall events with about a 10-
year return period (Kelliher et al. 1995). During these larger storms shallow soils though 
under a forest cover are prone to becoming saturated, a condition conducive to the 
triggering of translational landslides (Fourie 1996).  

7.4 Storm damage, and the influences of stand age and composition of mānuka and 
kānuka in mitigating storm effects 

Following Cyclone Bola (1988), a storm with rainfall intensities of 23 mm/h, and a total of 
917 mm over the 72-hour duration of this storm, early reconnaissance flights over the 
storm-damaged region revealed that hill-slope damage by landsliding was widespread and 
severe. The greatest densities of landslides were on Tertiary hill country where shallow soils 
occur on steep slopes. Different vegetation types had afforded different levels of hillslope 
protection; an initial assessment carried out shortly after Cyclone Bola (Marden & Rowan 
1988) concluded that: 

 indigenous forest and areas of advanced regenerating scrub had provided the 
best protection against landslide initiation 
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 young exotic plantations (<6 years old) and pasture provided the least 
protection 

 older exotic plantations (6–8 years old) gave an intermediate level of protection. 

Indigenous forest was defined as old (>80 years) closed-canopy secondary forest 
characterised by emergent broadleaved species, including kamahi (Weinmannia racemosa 
L.) and rewarewa (Knightia excelsa R.Br.). Scrub was identified as even-aged, closed-
canopied stands of mānuka (Leptospermum scoparium JR. et G. Forst.) and/or kānuka 
(Kunzea ericoides (A. Rich.) J. Thompson). Data on stand age and height were absent. Areas 
of scattered scrub on farmland were not included. The age of exotic plantation forest was 
verified from forest stand records. The complex compartmental age-class distribution within 
exotic forests precluded any attempt to analyse differences in landslide densities 
attributable to initial stocking rates, tending, or final stand densities. 

Later studies (Hicks 1991; Marden & Rowan 1993) quantified the landslide frequency in 
relation to these vegetation types. They concluded that stands of mature naturally reverting 
scrub, predominantly kānuka, provided a high level of protection against storm-initiated 
landslides. This relationship was particularly strong for East Coast North Island hill country 
underlain by Tertiary sedimentary bedrock, where mānuka and kānuka are a widespread 
precursor to tall forest, and are also primary colonisers of landslide scars and abandoned 
pastoral hill country that is prone to shallow, translational landsliding (Marden et al. 1991) 
particularly during the early stages of reversion.  

Before Cyclone Bola, landslide densities for sites of closed-canopy scrub irrespective of age 
or height were low (Table 11) and comparable with densities for areas of older exotic and 
indigenous forest (Hicks 1991; Marden & Rowan 1993) (Fig. 10). 
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Figure 10 Comparative pre- and post-Bola mean landslide densities for each vegetation type assessed in this 
study. Values plotted are the back-transformed means for the pre- and post-Bola landslide densities. Error bars 
represent the 95% confidence interval. These were calculated on a log scale (Marden & Rowan 1993). 

 

7.5 Effect of Bola 

The relative effectiveness of vegetation types in preventing the initiation of shallow 
landslides remained largely unchanged after Cyclone Bola despite the overall substantial 
increase in landsliding initiated during this event. Increases in landslide density were 
greatest in areas of exotic pines <6 years old and were not significantly different from 
pasture (Fig. 10). Areas under indigenous forest and exotic pines >8 years old were 
collectively and individually 16 times less susceptible to landsliding than were both pasture 
and exotic pines <6 years old, and 4 times less susceptible than both regenerating scrub and 
exotic pines 6–8-years-old.  

Regenerating scrub was proportionately the most severely affected of the vegetation types 
assessed in this study, with >300% increase in landslide density after Cyclone Bola (Table 
13). At this time there were no data on stand parameters for areas of scrub and no attempt 
was made to examine relationships between landslide density and stand parameters.  

Table 11 Landslide densities for different vegetation types assessed (Note: all means are back transformed) 

Vegetation type Area assessed  
(ha) 

Mean landslides ha
–1

  
Pre-Bola   Post-Bola 

Increase in landslide 
density after Bola 
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Indigenous forest 4 600 0.031 0.066 0.025 

Exotic pines >8 year old 3 700 0.028 0.048 0.018 

Regenerating scrub 4 250 0.029 0.120 0.099 

Exotic pines 6-8 year old 4 050 0.070 0.162 0.074 

Exotic pines <6 year old 6 070 0.135 0.496 0.292 

Pasture 7 900 0.139 0.564 0.383 

Total 30 570    

 

On the strength of these findings, further research established relationships between stand 
dynamics (age and density) and composition of areas of naturally reverting scrub and 
landslide density (Bergin et al. 1993, 1995). Eighteen study sites containing areas of both 
regenerating forest and pasture represented parts of the East Coast region most severely 
damaged during Cyclone Bola between Hicks Bay and Gisborne (Fig. 1). Discs collected from 
stems of the dominant species (usually mānuka and/or kānuka) were used to establish stand 
age. Stereo pairs of aerial photographs (1:25 000), taken immediately after Cyclone Bola, 
were used in conjunction with a dot matrix grid to estimate the percentage of surface area 
affected by recent landsliding. Findings showed that stands of low-stature, young scrub (≤2 
m high) was more predisposed to landsliding than older, taller stands, and that there was a 
likely relationship between the extent of damage and stand parameters such as age and 
density.  
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Table 12 Canopy species composition by age-class in fully-stocked stands 

Age-class 
(years) 

No. 
Stands 

No. 
plots 

Basal area by species (%)  Density by species (%) 

Kānuka Mānuka Others  Kānuka Mānuka Others 

0-10 6 16 36 64 0  8 92 0 

10-20 4 10 32 68 0  17 83 0 

20-30 4 12 74 26 0  49 51 0 

30-40 8 17 86 4 10  88 2 10 

>40 7 16 100 0 0  100 0 0 

 

Mānuka colonisation in reverting pasture on colluvial-covered slopes is rapid. Within 10 
years of establishment, mānuka-dominated stands typically contained more than 20 000 
stems ha–1. In Bergin’s study, mānuka dominated the canopy of fully-stocked stands in early 
years, but in the 20–30 years age-class kānuka had become dominant (Table 14 ). Beyond 30 
years, mānuka was virtually absent. Species other than mānuka and kānuka appeared only 
in the 30–40 years age-class where stand density had decreased to less than 3000 stems ha–

1. 

Slip damage showed a rapid and highly significant reduction with age. Within 10 years of 
establishment, fully-stocked, mānuka-dominated stands reduced erosion associated with 
Cyclone Bola by 65%. After another 10 years as kānuka became dominant, landsliding was 
reduced by 90%, with a near 100% reduction in landsliding in still older stands (Fig. 11).  

 

Figure 11 Relationship between percentage reduction in landslip-damaged area and establishment age. 
Dashed lines indicate 95% confidence level (Bergin et al. 1995). 
 

Results suggest that root systems in kānuka-dominated stands are more effective in 
preventing erosion than the root systems in younger mānuka-dominated stands. Somewhat 
surprisingly, most of the under-stocked stands in this study (102–2250 stems ha–1) gave a 
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reduction in landsliding comparable with fully-stocked stands of similar age. These under-
stocked stands were mainly less than 15 years old, at which age only partial protection 
occurred, even in fully-stocked stands. The oldest under-stocked stand, consisting mainly of 
scattered 20- to 30-year-old kānuka trees at 102 stems ha–1, provided no protection, i.e. 
slips were similar to that of pasture alone.  

This study confirmed that both stand age and density significantly influence the degree of 
erosion protection provided by regenerating scrub (Bergin et al. 1995). 

8 Vegetation and slope stability modelling 

8.1 Introduction 

The study of tree roots and slope stability has received considerable attention in the last few 
decades. Most studies that have attempted to factor in the contribution vegetation has on 
slope stability concluded that vegetation has a net stabilising effect on most slopes. 
However, as pointed out by Greenway (1987) some studies found the opposite case (Table 
13). Various models are now used to describe how tree roots contribute to slope stability.  
However, because exhuming root networks is difficult (and expensive), many models on 
slope stability have been tested with little or no field data. 

Table 13 Hydrological and mechanical effect of vegetation on slope stability (Greenway 1987) 
A = Adverse to stability. B = Benefical to stability 

 Hydrological:  

(1) Foliage intercepts rainfall, causing absorptive and evaporative losses that reduce rainfall for 
infiltration. B 

(2) Roots and stems increase the roughness of the ground surface and the permeability of the soil, 
leading to increased infiltration capacity. A 

(3) Roots extract moisture from the soil which is lost to the atmosphere via transpiration, leading to 
lower pore-water pressure. B 

(4) Depletion of soil moisture may accentuate desiccation cracking in the soil, resulting in higher 
infiltration capacity. 

A 

 Mechanical:  

(5) Roots reinforce the soil, increasing soil shear strength. B 

(6) Tree roots may anchor into firm strata, providing support to the upslope soil mantle through 
buttressing and arching. B 

(7) Weight of trees surcharge the slope, increasing normal and downhill force components. A/B 

(8) Vegetation exposed to the wind transmits dynamic forces via the tree stem into the slope. A 

(9) Roots bind soil particles at the ground surface, reducing their susceptibility to erosion. B 
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8.2 Mechanical reinforcement of soil by roots 

Direct evidence shows root-reinforced soil is stronger than the same soil without roots 
(Waldron 1977; Ziemer 1981; Waldron & Dakessian 1982). Roots provide a reinforcing effect 
to soil through their tensile resistance and frictional or adhesional properties. Whether the 
reinforcing effect of roots significantly enhances slope stability depends primarily on the 
depth of potential slip surfaces within the slope. The extent to which roots can improve the 
soil strength also depends on the physical and chemical composition of the soil and the 
strength and morphology of the roots. However, experimental data about root contribution 
to soil strength also vary with the sample size and the test method used.  

The role played by roots in soil reinforcement has been studied several ways. These include 
laboratory shear tests of soil with roots (Waldron 1977) or soils reinforced by fibres that 
simulate roots (Gray & Ohashi 1983; Shewbridge 1987; Wu et al. 1988b), in situ shear tests 
on soil blocks with roots (Endo & Tsuruta 1969; O’Loughlin 1974; Ziemer 1981) and 
empirical evaluation of slope failure (e.g. back analysis) (O’Loughlin 1984; Greenway 1987; 
Reistenberg 1987). These studies have all demonstrated an increase in shear strength due to 
soil-root interaction, and provided in part, a practical base for analytical models of soil-root 
interaction used to analyse test data and evaluate the shear strength of soil-root systems 
(Waldron 1977; Gray & Ohashi 1983; Wu et al. 1988; Shewbridge & Sitar 1990). 

A popular method to quantify the contribution of roots to soil strength in the laboratory and 
in the field is in situ direct shear tests on field soils with and without roots.  These tests 
generate shear stress-displacement curves (O’Loughlin et al. 1982; Ziemer 1981; Wu et al. 
1988; Tobias 1994). The root contribution to soil strength is estimated as the maximum 
difference between the shear stress-displacement curves of fallow soil and soil with roots 
(Wu et al. 1979). However, the point where this maximum difference occurs varies with the 
actual shear displacement, which also depends on the root content at the shear plane. 
These in situ shear box tests show that the maximum shear strengths of soils with roots are 
usually reached at larger shear displacements than for fallow (no plants roots present) soil. 
Past results of in situ direct shear box show that soils with roots produce broader and 
flatter-peaked shear stress-displacement curves. Such soils have the ability to undergo more 
shear displacement before failure than fallow soils.  

8.2.1 Manuka and kānuka shear testing 

Few studies have measured New Zealand species root contribution to soil strength using 
field shear box tests. Ekanayake et al. (1997) compared mānuka and kānuka with Pinus 
radiata. All the tests were carried out on midslope sites near a source of water (dam or 
stream). While 49 tests were attempted, only 23 with roots were completed (12 P. radiata 
and 11 kānuka). In addition, nine tests were completed on soils without roots (four at the P. 
radiata site and five at the kānuka site). 

The increase in soil strength can be estimated as the vertical difference between the two 
shear stress-displacement curves (Fig. 12). The shear box tests show that the maximum 
shear strength of soils with mānuka/kānuka roots occurs at greater shear displacements and 
remains at or near maximum peak resistance over a greater range of shear displacements 
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than soils without roots (Ekanayake et al. 1997). It is the elastic properties of the live roots, 
and in particular their flexibility, which allow soils to maintain their stability over a broader 
range of slope displacement. 

 

Figure 12 Shear stress-displacement curves for soil containing 24-year kānuka roots and for soil, at the same 
site, without roots (Watson et al. 1998, modified from Ekanayake et al. 1997). 

The contribution to soil shear strength can be seen in Figures 13 and 14. These show no 
significant difference in root contribution between the two species as far as the root-cross-
sectional area per shear area is concerned. The peak shear stress information was used to 
derive Safety Factors for a range of root cross-sectional areas for known slope angles under 
the worst conditions where the shear stress is estimated assuming the phreatic surface is at 
the soil surface. 
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Figure 13 Root contribution evaluated as the maximum difference in shear stresses between the shear stress-
displacement curves for different root cross sectional areas of P. radiata and kānuka. Triangles = kānuka, 
squares = P. radiata (Ekanayake et al. 1997).  

 

Figure 14 Shear stress τp and shear displacement xp at the peaks and of the shear stress-displacement curves 
for soil with P. radiata and kānuka roots for different root cross-sectional areas. Triangles = Shear 
displacement r

2
 = 0.75, Circles = Peak shear stress r

2
 = 0.66 (Ekanayake et al. 1997). 

 

This shear strength information can be used to calculate the stability of a slope or its factor 
of safety. This factor of safety is derived from the formula S/T, where S is the shear strength 
of the soil/root-network system, and T is the shear stress acting to promote failure. A factor 
of safety of more than 1.0 indicates that a slope is in a stable condition, whereas one of 1.0 
or less indicates that (theoretically at least) failure is imminent. 

In the above study, the contribution to slope stability of a range of forest management 
regimes for radiata and for natural stands of regenerating kānuka was assessed (Ekanayake 
et al. 1997; Watson et al. 1997). This is the only published information where such an 
analysis includes either mānuka or kānuka. 

The calculation of safety factors was for 35° and 45° slopes with an average potential shear 
plane depth of 1 m, typical of landslide failures on erosion- prone Tertiary hill country in this 
region. Saturated bulk density of the slope material was taken as 19 kN/m3. The typical root 
cross-sectional area at 1-m depth was as follows: for 8-year-old P. radiata 7.9 cm2/stem, for 
16-year-old P. radiata 149.2 cm2/stem (from Watson & O’Loughlin 1990), for 8-year-old 
kānuka 1.9 cm2/stem, and for 16-year-old kānuka 3.27 cm2/stem (from unpubl. data). The 
safety factors derived for each of the different stand densities are given in Table 16. 
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Table 14 Safety factors derived from Eq.2 for 8- and 16-year-old pine and kānuka for different stand densities 
for slope angles 35° and 45°, which are common in the area studied 

Species Age 
(years) 

Stand density  
(stems/ha) 

Safety factor  
Slope 35°    Slope 45° 

Pinus radiata 8 300 1.495 1.221 

  350 1.496 1.222 

 16 300 1.578 1.289 

  350 1.592 1.301 

— framing regime 8 600 1.499 1.225 

 16 600 1.666 1.362 

— biomass regime 8 1 250 1.509 1.233 

 16 1 250 1.857 1.517 

kānuka 8 15 000 1.546 1.263 

  25 000 1.583 1.293 

  >40 000 1.639 1.339 

 16 9 000 1.547 1.264 

  13 000 1.573 1.285 

  20 000 1.618 1.322 

 

The analysis showed that for a typical stand of intensively managed Pinus radiata on a 35° 
slope with a final stocking of 300 stems ha–1 at 8 years the modelled safety factor was 
estimated to be 1.495. To achieve a safety factor of 1.509 on the same hillslope with 
equivalent-aged kānuka, a minimum of 5260 stems ha-1 would be required (Fig. 15).  
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Figure 15 Safety factors derived from Eq.2 for 8- and 16-year-old P. radiata and 8- and 16-year- old kānuka. 
The potential shear plane is assumed to be at 1 m depth on a slope angle 35°. Root cross-sectional area of 8-
year-old P. radiata is 7.9 cm

2
/stem and 8-year-old kānuka is 1.9 cm

2
/stem at 1 m depth. Root cross-sectional 

area of 16-year-old pine is 149.2 cm
2
/stem, and for 16-year-old kānuka is 3.27 cm

2
/stem at 1-m depth 

(Ekanayake et al. 1997). 
 

The model predicts that in P. radiata stands between years 8 and 16 there should be a 
marked improvement in the safety factor but that little change is likely for slopes in kānuka. 
To achieve equivalent safety factors for regenerating kānuka the stand densities would have 
to be in excess of 14 000 stems ha–1. Previous research shows the average density for fully-
stocked stands of 16-year-old kānuka is 13 000 stems ha–1 (range 9000–20 000 stems ha–1) 
(Bergin et al. 1995). For these stand densities the model estimates safety factors of 1.573 
(range 1.547 to 1.618) (Table 14), comparable with those for intensively managed stands of 
P. radiata at the same age. 

The significantly higher stand density of kānuka explains why the safety factor for most 
stands of regenerating kānuka would exceed that achieved by the regimes considered for P. 
radiata in this paper, at least for the first 9 years after establishment. 

The above study also assessed what happens when trees are removed and the roots lose 
their reinforcing effect. When trees are cut down or removed the roots begin to decay. As 
both strength and elasticity is lost, the shape of the stress-displacement curve representing 
soils with roots gradually changes (see section 6.3.4) until it eventually coincides with the 
curve representing soils without roots (see Fig. 12 above). The magnitude of the maximum 
shear stress, the elasticity and rates of decay are species dependent (Watson et al. 1997). 

 



Research on the erosion control effectiveness of naturally reverting mānuka and kanuka: a review 

Page 36  Landcare Research 

8.2.2 Soil reinforcement models and slope stability analysis of vegetated slopes 

Most models follow assumptions in limit equilibrium analysis, i.e., where the shear 
deformation along the slip surface is assumed to be restricted to a narrow zone (e.g. Barker 
1986; Wu 1991). Additional assumptions are that the roots are perpendicular to the slip 
plane, that the full tensile strength of all roots is mobilised, and that the roots are well 
anchored and do not pull out of the soil when tensioned. Although many of these 
assumptions are not strictly valid, they are needed to allow models to be developed to 
determine the potential role of tree roots in slope stability.  

Over the last 30 years, several models have tried to capture how roots reinforce soils and 
include them in traditional slope stability analysis. Wu (1976) developed a simple theoretical 
model for predicting a shear strength increase due to the presence of roots. Many 
approaches continue to use this approach. Similar models were developed independently by 
several other researchers (Gray & Leiser 1982).  

The results of earlier studies show significant increases in shear strength from root 
reinforcement. The magnitude of the strength increase depends on both the amount of 
roots present in the soil and the tensile strength of those roots. 

More recently models have moved from treating the increase in shear strength from single 
roots largely based on the tensile strength of the root to treating the contribution of many 
roots as a fibre bundle (Pollen et al. 2004; Schwarz et al. 2010 a, b). Combining models for 
root density distribution and mechanical behaviour of individual roots enables calculation of 
a stress-strain relationship for a bundle of roots that Schwarz et al. (2010a) called the root 
bundle model (RBM). This calculates the macroscopic stress-strain behaviour of a bundle of 
roots as the sum of each single root stress-strain curve crossing a tension crack. This allows 
the reinforcement distribution to be calculated as a function of the distance from the stem 
for different stem diameters. This information can then be used to delineate near-surface 
weak zones of a hillslope. The model is far from ideal as it is based largely on limited data for 
some parameters, so requires further validation. 

The only modelling that has assessed the contribution of mānuka/kānuka to slope stability is 
described in the section 8.2.1. Ekanayake et al. (1997) concluded that their approach was 
not suitable for modelling of safety factors for older stands. The model was limited in that it 
assumed the soil was fully saturated, did not take account of buttressing and anchorage by 
large structural roots penetrating strata below the shear plane, and did not take account of 
the canopy effects on soil moisture regime.  However, it did have application to vegetated 
infinite hillslopes where the location and orientation of the shear plane are well defined, 
such as on much of the erosion-prone, steep, ash-covered Tertiary hill country of the 
eastern North Island. 
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9 Implications for space-planted mānuka 

Existing erosion issues on hill country not suited to a pastoral regime has led to its 
abandonment, resulting in natural reversion to indigenous vegetation over many areas. 
Within the last five decades, however, significant areas of regenerating scrub/forest have 
been converted to exotic plantation forestry. Nonetheless, 60 000 ha (7.2% of the East Coast 
region) remains as secondary broadleaved forest and stands of mānuka and kānuka scrub 
(Dymond et al. 1996). More recently there has been growing interest in both retaining and 
managing existing areas of this scrub for honey production, and in the re-establishment of 
mānuka on marginal land. 

Previous research has shown that within young, fully stocked stands of naturally reverting 
scrub, canopy closure occurs within a few years of establishment however, their erosion 
control effectiveness is not apparent until individual trees within a stand have a mean 
height of ~2 m; usually by year 5 (Bergin et al. 1995). As previously shown, there is general 
consensus that a closed-canopy stand of mānuka and kānuka will at age 10 years, and in the 
advent of a major storm, potentially reduce the incidence of landslides by ~65% (relative to 
adjacent pasture) increasing to ~90% at 20 years (Bergin et al. 1995); comparable with that 
for areas of mature indigenous forest (Marden & Rowan 1993). Sites that have fast growth 
rates and/or are planted at densities that enable canopy closure and root occupancy in the 
shortest time are intuitively likely to provide protection earliest. 

There have been no comprehensive studies on the growth performance (above- or below-
ground) of mānuka planted at spacings more in keeping with that of a plantation species 
than of stands of naturally reverting scrub. Thus, there are no age-related, time-series, 
growth data with which to assess the time required for space-planted mānuka to provide 
effective erosion control, especially when established on marginal land; however, a study 
initiated in 2015 aims to provide these data on growth rates (above-ground only) of 
mānuka. Permanent sample plots (PSP) were established at two space-planted mānuka 
sites; Lake Tutira and Puketoro Station (inland Tokomaru Bay). Plots were established on 
different landforms, and data collected on above-ground growth metrics only (e.g. DBH, 
root collar diameter, tree height and canopy diameter) (Marden & Lambie 2015). 

Based on measurements of canopy dimensions for individual 1–8-year-old mānuka from a 
naturally reverting stand, and constraints of limited and highly variable data from young 
trees at the two study sites above, our best estimate is that canopy closure for plantings at 3 
× 3 m spacing on the best performing sites could occur within 6–7 years after establishment, 
and in ~7–8 years for the wider-spaced 4 × 3 m planting (Fig. 16). Although the mānuka 
plantings established at Puketoro Station are just 2-years old and their growth performance 
has been slow, their growth rate will increase exponentially during years 3 and 4, 
particularly as grass suppression becomes less of an issue. However, for plantings on 
earthflows, canopy closure will take longer due to high mortality rate causing lower 
densities and slower growth expectation associated with wet and periodically unstable sites.  
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Figure 16 Mean plot-based, canopy dimensions for space-planted mānuka at Lake Tutira and Puketoro Station 
relative to equivalent-aged canopy dimensions of kānuka from  naturally reverting stands. Dashed lines 
indicate approximate time required by canopies of individual mānuka to cover half the distance between 
plants at an even spacing of 3 m by 3 m, or half the distance between rows planted 4 m apart, to attain canopy 
closure.  
 

The above-ground growth performance of space-planted mānuka at these sites is of the 
same order of magnitude as for a naturally reverting kānuka stand of comparable age.  
However at the time canopy closure is reached, the level of erosion mitigation against 
landslide initiation is unlikely to be as effective as has been shown for stands of naturally 
reverting mānuka and kānuka. This is because:  

(i) stand canopies will be less-dense (although individual canopy density and leaf 
area is likely higher), and therefore not as effective in intercepting rainfall.  
Greater throughfall means soils will remain wetter for longer, and  

(ii) the stem density of space-planted mānuka is at least an order of magnitude less 
than for an equivalent aged stand of reverting mānuka/kānuka. This means the 
area of soil occupied by roots and the density of roots will be less, particularly 
between rows, and thus the soil-root reinforcement influences will be 
significantly less effective in preventing slope failure. Overall, these sites will 
remain vulnerable to storm events for longer. 
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These time estimates will vary considerably across the sites due to the wide variation in site 
factors (soil thickness, composition and texture, soil moisture, nutrients, aspect and 
altitude) between different landforms, and to other factors unrelated to differences in 
growth rate but attributable to variations in canopy form/shape (potentially related to seed 
source). Further, canopy closure rates will vary depending on the ratio of single stemmed to 
multiple stemmed plants with multi-stemmed plants having a bushier and denser canopy 
than the more slender canopy of single-stemmed plants. Windthrow, toppling and mānuka 
blight may also potentially delay canopy closure. Mānuka blight is caused by the scale insect 
Eriococcus orariensis Hoy and its accompanying sooty mould Capnodium waited Saccardo. 
Mortality due to mānuka blight can be higher in East Coast areas, with the blight appearing 
3–5 years after planting. Additionally, the timing of canopy closure will also be influenced by 
the rate of spread of self-sown seedlings. In some plots at Lake Tutira these contributed up 
to 10% of the total number of seedlings. Furthermore, root binding in nursery-raised 
seedlings can affect early growth. 

In the event of a storm like Cyclone Bola, it is therefore unlikely that a stand of space-
planted mānuka, of similar age to a naturally reverting stand, would afford a level of 
mitigation against the initiation of landslides equivalent to that documented by Bergin et al. 
(1995).  

Notwithstanding, there are a number of direct and indirect co-benefits aside from erosion 
mitigation and soil conservation. Direct co-benefits include improved environmental quality 
of waterways, a pathway to increased indigenous biodiversity, and opportunities for 
expansion of local enterprises based on honey and plant-oil extracts. Indirect co-benefits 
include reductions in trace gas emissions arising from reductions in stock numbers and 
fertiliser application and enhanced C sequestration (Trotter et al. 2005). 

10 Conclusions 

Mānuka and kānuka are closely related species. In recent years a revision of the species 
Leptospermum led to the transfer of L. ericoides to Kunzea as K. ericoides (A. Rich.) J. 
Thompson (Thompson 1983). Most erosion-related research involving these early colonising 
species relates to kānuka, thus we have used findings from kānuka studies as a surrogate for 
mānuka, where no mānuka information exists. 

Mānuka rapidly colonises reverting pasture on colluvial-covered slopes. Within 10 years of 
establishment, mānuka-dominated stands typically contain more than 20 000 stems ha–1 
with growth rates similar to that recorded in the Waitakere Ranges. On the East Coast, 
mānuka was found to decline significantly after about 20 years, with stands then becoming 
dominated by kānuka. The oldest stands surveyed (79 years) were still dominated by kānuka 
with no indication of other species starting to replace kānuka forest. These findings are 
consistent with other studies. The ecological niches of the two species indicate kānuka has a 
competitive advantage over mānuka with time, growing faster and taller than mānuka on 
fertile sites. Kānuka also has a greater resistance to the disease known as Mānuka blight 
which has been common in stands surveyed on the East Coast and, as in other areas, it is 
clear that this and other factors have a role in determining the relative abundance of 
mānuka and kānuka in the region. 



Research on the erosion control effectiveness of naturally reverting mānuka and kanuka: a review 

Page 40  Landcare Research 

Mānuka and kānuka increase slope stability by modifying the soil moisture regime. 
Increasing vegetation canopy cover increases evaporation, thereby reducing the amount of 
water available for runoff and streamflow.  As the canopy develops, interception and 
transpiration of rainfall and therefore effects on the soil moisture regime of slopes increases 
(largely through hydrological processes e.g. interception, evaporation, transpiration). 
Rainfall intercepted by the canopy of a closed stand of regenerating kānuka (Kunzea 
ericoides var. ericoides), accounted for up to 42% of the annual rainfall (1780 mm) with 
interception losses higher in summer than during the winter months. These relationships 
between storm interception loss and rainfall are comparable across vegetation communities 
including mānuka, kamahi, various forms of beech forest, and Pinus radiata. 

A relatively small number of individual mānuka/kānuka trees have been studied to 
determine the morphology and distribution of roots. Nonetheless, the pattern of a root 
system appears to be largely controlled by environmental and edaphic factors which govern 
the depth and, to a lesser extent, the lateral extent of individual roots of mānuka and 
kānuka root systems. The size of root systems is often reduced under competition with 
other trees.  This can be attributed to competition for limited water and nutrients, the 
presence of stones in the soil profile, impermeable layers or a high water table. 

The morphology of mānuka/kānuka root systems is typical of many shrub and small tree 
species.  Relatively shallow root systems penetrate to depths of ~2.2 m. However, kānuka 
root-wood has a greater live tensile strength and a slower decay rate that many other tree 
species, both exotics and indigenous. Thus, the strength and elastic behaviour of kānuka 
roots impart resilience to the soil by allowing a greater magnitude and range of slope shear-
displacement before failure occurs. From a purely root strength/root decay stand point, 
kānuka would provide a planted slope with greater stability than a similar slope planted in 
many of the other tree species at the same density, and the level of reinforcement provided 
by young, dense stands, whether mānuka or kānuka is significant in maintaining stability on 
steep slopes that would otherwise be susceptible to shallow translational landslides.  

It is the combined mechanical and hydrological influence of mānuka/kānuka that leads to 
drier, stronger soils, and ultimately to an increase in slope stability and hence a reduction in 
the amount of shallow landslides following a rainstorm. Thus their ability to stabilise slopes 
possibly lies as much with their high stand densities as with their morphology and root 
strength. 

In the event of a storm of the magnitude of Cyclone Bola, it is unlikely that a closed-canopy 
stand of space-planted mānuka, of similar age to a naturally reverting stand, would afford a 
level of mitigation against the initiation of landslides equivalent to that documented by 
Bergin et al. (1995).  
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11 Recommendations 

Although canopy interception, soil-water utilisation, root biomass, and root development 
have been studied for naturally reverting stands of mānuka and kānuka there is little 
quantitative information available for space-planted mānuka. The recent installation of 
Permanent Sample Plots at two locations in eastern North Island affords an opportunity to 
establish a time series of changes in stand diversity, density, canopy growth, and root 
biomass accumulation rates. These data can establish a better understanding of the 
effectiveness of these plantings in stabilising slopes, and in ameliorating the impact of 
future storm events on steep hill slopes considered to be marginal land with high erosion 
susceptibility. 

It is therefore recommended that the collection of above-ground growth parameters 
continue until there are sufficient data points (i.e. a time series) to model the rate of canopy 
closure at the specified spacing prescribed for marginal landforms associated with these two 
study sites. The addition of below-ground growth metrics is strongly recommended to 
better understand the effect of planting density (spacing) and site factors on the timing 
(years after planting) required for mānuka to provide an effective root-soil occupancy.  

Similar studies may be required in other regions where significant areas of marginal land 
representative of different landforms have been, or are likely to be, planted in mānuka, and 
where climatic and site factors could significantly affect growth rates and delay the slope 
reinforcement function expected from such plantings. 

The planting of mānuka on marginal pasture land is considered under the Afforestation 
Grant Scheme to be new afforestation and is therefore a potential additional carbon sink to 
help offset New Zealand’s greenhouse gas emissions. While long-term average rates of C 
accumulation over the period of active growth of naturally reverting stands of mānuka-
kānuka (~40 years) are known, there is no known provision to quantify C accumulation from 
space-planted stands of mānuka. It is therefore proposed that the Lake Tutira and Puketoro 
Station sites be used to collect further plot-based, above- and below-ground mensuration 
data as part of the national carbon (C) inventory system, and policy to reduce net 
greenhouse gas emissions. 
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