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foreWord
The East Coast Forestry Project (ECFP) aims to achieve 

sustainable land management in the Gisborne District so 

that hill country land use makes a long-term contribution 

to the District’s economic, social and environmental 

wellbeing. The Gisborne District Council is also 

implementing the Sustainable Hill Country Project to 

address soil erosion and unsustainable land use in the 

district. 

The ECFP funds various erosion control measures 

including afforestation, indigenous reversion and wide-

spaced poplar/willow pole plantings to achieve sustainable 

land management. There are well established guidelines 

for afforestation and indigenous reversion options. 

However, there has been differing opinion about the 

efficacy and effectiveness of various regimes of wide-

spaced poplar/willow plantings. This has created  

doubt amongst some landowners as to the appropriate 

treatment.

This report contains guidelines for wide-spaced poplar/

willow pole plantings for effective erosion control. The 

report is an outcome of a workshop attended by very 

experienced soil conservators from regional councils, 

scientists from crown research institutes and independent 

consultants. I would like to acknowledge their collective 

efforts and wisdom in reaching a consensus on this set of 

recommendations. 

I am sure the recommendations of this report will 

contribute to consistent advice to landowners on wide-

spaced pole planting regimes. It should also enable the 

ECFP to fund wide-spaced pole plantings that contribute 

to sustainable land management in the Gisborne hill 

country and to the vision of a sustainable New Zealand.

 

Paul Reynolds 

Deputy Director-General 

MAF Policy
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5 introduction5

introduction 1
In 1992 the East Coast Forestry Project (ECFP) was 

established, as a continuation of projects from 1961 

onwards, to tackle the severe erosion problem in Gisborne 

District. ECFP is funded by central government and 

administered by the Ministry of Agriculture and Forestry 

(MAF). The project administrators are responsible for 

ensuring that erosion control treatments funded by ECFP 

deliver the desired outcome at the least cost to the Crown.

The experience gained from the project confirms that the 

afforestation option using Pinus radiata is still considered 

a very effective, large-scale, erosion control option on 

severely eroding country. In some situations reversion to 

indigenous tree species offers superior long-term 

protection on suitable sites. Poplars and willows are an 

option where soils, soil moisture and erosion (type and 

severity) are conducive to establishment. 

However, there has been disagreement between various 

parties about the efficacy and effectiveness of some 

regimes of wide-spaced poplar/willow planting as an 

erosion control approach on unstable East Coast land. The 

Gisborne District Council (GDC) and MAF recognise the 

desirability for agreed guidelines for spaced poplar/willow 

pole plantings for effective erosion control. As a first step 

towards developing a set of guidelines, GDC and MAF 

jointly organised a workshop on 11–12 December 2006, 

which brought together practising soil conservators and 

researchers with good collective knowledge of the 

performance of poplars/willows in mitigating different 

forms of erosion. See the list of particpants in Appendix 1, 

page 28 of this report.

Following the workshop, a draft version of Poplar and 

Willow Planting on Land Overlay 3A, Gisborne, East Coast 

Region was circulated to workshop participants for 

comment.

The report outlines the contextual framework behind at 

times differing philosophies, perspectives and approaches 

by soil conservators and foresters to erosion control, and 

documents the status of current research on erosion 

control practices, both of which were key considerations 

behind initiating this workshop. In addition, comments 

provided by workshop participants are discussed and a 

consensus is reached on planting density requirements for 

poplar and willow plantings to achieve successful erosion 

control within Land Overlay 3A.
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Until relatively recently ECFP funded afforestation as the 

primary erosion control treatment. In closely planted 

forest stands, the roles of canopy closure and root 

occupancy are paramount to the success of this 

afforestation to control soil erosion. 

The processes of evapotranspiration and root 

reinforcement, as mechanisms through which slope 

stability is substantially restored to currently eroding sites 

and maintained on already planted sites, have been well 

researched (Pearce et al. 1987, Watson et al. 1995, 1999, 

Zhang et al. 1993, Marden et al. 2005). 

The success of these processes in stabilising many existing 

gully, earthflow and slump erosion features, and in 

ameliorating against the initiation of new erosion during 

storm events, particularly once canopy closure has been 

attained (between years 6–8), has been demonstrated 

(O’Loughlin 1984, Phillips et al. 1990, Marden et al. 1991, 

1992, 2005). In addition, there is considerable scientific 

evidence in support of the concept that for large erosion 

features the greater the proportion of the watershed 

treated surrounding individual erosion features, the more 

likely the treatment will succeed (Marden et al. 2005). This 

is less of an issue where erosion features are small and 

watersheds are large. 

As afforestation generally includes planting to natural 

ridge lines, there is a well-founded expectation that 

afforestation projects on the “worst of the worst” eroding 

land, in most instances, will achieve a successful outcome. 

However, it has to be acknowledged that, when dealing 

with erosion features typically found within Land Overlay 

3A, afforestation also has limitations. Often, local site 

conditions (for example, geology, groundwater, fault 

crushing) and size of the feature dictate whether 

reforestation will prove to be successful or not (Marden et 

al. 2005). 

Since the 1998 ECFP review, other treatment options for 

controlling erosion on farmland have become eligible for 

funding through the ECFP. These include reversion of 

indigenous scrub and the use of poplar and willow poles 

and/or wands. Research data in support of the 

effectiveness of indigenous reversion is scant (Marden & 

Rowan, 1993, Bergin et al. 1993, 1995, Rowe et al. 1999) 

but reversion has been shown to be effective at an early 

age on account of the very dense nature of closed-canopy 

stands and the presence of a dense fine-root network with 

a higher root tensile strength than Pinus radiata 

(Ekanayake et al. 1997, Watson et al. 1999). 

Post-storm damage assessments of poplar and willow 

plantings show that, where implemented appropriately, 

poplar and willow plantings substantially reduced physical 

damage to hill country grazing lands, by between  

50–80 percent, even during exceptional storms such as 

Cyclone Bola in 1988 (Hicks 1992). They also show that 

damage reduction was minimal on hill slopes where 

plantings were absent, inadequate or not maintained 

(Hicks 1992). However, we must take into account that 

these findings are of early plantings of clones that differ 

from those used today, many of which were decimated by 

poplar rust, and these plantings were undertaken prior to 

a time when forest woodlots were just beginning to be 

accepted and used as an alternative soil conservation 

practice on farms. This seemingly poor performance, at 

times, is also symptomatic of the fact that there has never 

been any assistance or mandatory requirement to 

maintain these early plantings, combined with what was 

probably some poor siting of planted material, some 

inappropriate stocking rates and a narrow range of early 

species available for planting. 

background 2
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Experience has shown that many of the larger erosion 

features likely to be encountered in the Land Overlay 3A 

are beyond the scope of conventional pastoral-based 

erosion control measures and need a forest cover, often in 

association with gully planting, for stability. Where 

smaller linear gullies, slumps and earthflows are identified 

as controllable by pole/wand treatment, the challenge is to 

reach agreement on planting and management strategies 

that will deliver a successful erosion control outcome for 

land classes identified in Gisborne District as Land 

Overlay 3A. 

This reinforces the importance of getting it right with 

planting specifications, that is, ensuring that trees establish 

on all the unstable parts of the slope. Elements in this are 

good siting, appropriate stocking rates, planting the right 

sort of tree for the type and severity of erosion in 

question, and targeting soil conservation works not just at 

controlling existing erosion but at areas of potential 

erosion (Hicks 1995). It is clear that unless erosion control 

measures are implemented in a relatively short space of 

time, at a scale appropriate to the problem, and then 

maintained, money is simply being wasted (Trotter 1989). 

In addition, there is the consideration that the ECFP and 

the “District Plan Rule Variation” target land classes 

identified at property scale as the “worst of the worst” 

eroding land in Gisborne District. 
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Workshop 3Why there Was a need for this

The workshop was designed to bring current practitioners, 

with significant experience in soil conservation and 

forestry practices, together with scientists knowledgeable 

in the causes and solutions for erosion types typical of this 

region, to explore whether a consensus could be reached 

on the process of selecting the most effective and practical 

erosion control solution for different types of erosion 

feature. 

Irrespective of tree species, close-planted stands of forest 

and space planted poles (poplar and willow species) are 

both useful erosion control options with their own 

strengths and weaknesses and when applied in appropriate 

situations, established correctly and maintained1, each 

treatment can be as equally effective as the other. However, 

there is no clear cut process for deciding which treatment 

or combination of treatments is the most appropriate for all 

situations likely to be encountered in the field. 

One of the earliest decisions to be made is whether the 

current land use in the immediate vicinity of each erosion 

feature is appropriate and viable in the long-term or if 

genuine land use change through conversion to forest/

retirement would be a more sustainable option. 

There are a host of economic and social factors that can 

influence the landowner’s choice of treatment and often 

these will override the most appropriate “one off ” 

treatment option based on the physical evidence at sites 

requiring erosion control. Historically, the ultimate 

decision on whether, what and where to plant has rested 

with the landowner. Much unplanted land has remained 

so because the most feasible option has not been 

acceptable to landowners. 

Furthermore, for each of the erosion types being 

considered there is a continuum of size of feature, degree 

of current activity, slope and specific site criteria that 

ultimately needs to be factored into deciding the most 

appropriate treatment. Though generally backed with 

experience, scientific studies and training, the selection of a 

treatment for a particular location is often partially 

subjective and tempered by successes and failures.

The unique combination of the ECFP incentive and RMA 

rule ensure only effective soil conservation solutions will be 

promoted to the landowner. There will be no scope for 

partial implementation, inadequate maintenance or doing 

nothing (unless nothing is physically the only option, for 

example, vertical river gorges and much of class eight 

mountain land identified at a property scale). 

That is not to say landowners will have little input. On the 

contrary, it is essential that proffered solutions are able to 

accommodate landowner’s desires where effectiveness is not 

unduly compromised and solutions become accepted. A 

regulation that does not have the vast majority of its 

community (in this case farming community) behind it is 

doomed to failure. 

The aim of the workshop was to develop of a set of written 

guidelines outlining specifications for the treatment of 

eroding areas where poplar/willow pole planting could 

result in a successful erosion control outcome. Discussions 

at this workshop focused on the appropriateness of poplar 

and willow regimes on Land Overlay 3A.

Land Overlay 3A is classed as the worst eroding land in the 

Gisborne District and comprises land defined in the text 

descriptions of Land Use Capability Units (1st ed. NZLRI) 

VIIe12–16,18 and 20, VIIIe 1–6; and (2nd ed. NZLRI) 

VIIe18–19, VIIe21–25, and VIIIe2–9. 

The key elements of the workshop were:

a field visit where participants could view a range of 

erosion forms falling within Land Overlay 3A; 

a desktop exercise that required participants to prescribe 

treatment options for 11 gullies, 10 earthflows and 6 

slip/slump complexes depicted on aerial and oblique 

photographs and a 3D digital elevation image of each site.

›

›

1	it	should	be	noted	the	notified	rule	in	the	district	plan	and	the	
modified	ecfp	include	a	maintenance	requirement.
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In developing a logical argument over which treatment is 

best suited to an individual locality, it is easy to lose sight 

of the purpose of the ECFP. Preceded by the Conservation 

Forestry Scheme (1989–1993) the ECFP is the latest of 

many attempts since the 1960s, to provide central 

government funding for erosion control. It was introduced 

in acknowledgement of this region’s heightened erosion 

problems following Cyclone Bola (1988) – a 1:100 year 

event which has now been upgraded to 1:70 year event – 

and to provide a structured long-term (20 years) 

opportunity for this region to ultimately deal with its 

erosion problems. As such the ECFP was designed to 

traverse changes in government. 

We also need to remind ourselves that in selecting the 

most appropriate erosion control solution we are dealing 

with the “worst of the worst” Category 3A land. In 

accordance with Variation 176 of the Sustainable Hill 

Country Regulation, treatment, if implemented, will have 

to remain effective in the event of severe storms which are 

likely to be more frequent.

There is optimism amongst soil conservators across the 

nation that, with appropriate species selection (using 

currently available clones), planting spacing, installation 

and maintenance, the erosion control performance of 

poplar and willow plantings can be greatly improved. To 

achieve an effective erosion control outcome for each site 

does, however, rely on the following key principles:

Understanding the type of erosion and the processes 

requiring control. Each erosion type requires a different 

approach.

Appreciating the severity of the erosion in question. 

Space planted trees will not control severely eroding soil 

slip faces. More severe earthflow erosion will require 

closer tree spacing.

Matching the tree type to the land type. Thorough 

inspection of site conditions and factors such as 

soil moisture levels and retention, wind, frost and 

›

›

›

threats from animal pests. Failure to select the most 

appropriate variety will result in tree losses.

Planting all the relevant parts of the slope and not just 

the actively eroding parts.

Recognising that to achieve effective erosion control 

other techniques such as dewatering, drainage, gully 

support, dams and contouring may be required in 

conjunction with the various tree planting options. 

Treatments additional to tree planting are, however, 

outside the mandate of ECFP and therefore may have to 

be funded by the landowner.

Continued maintenance of plantings is essential.

›

›

›

principles �
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erosion forMs 5applicable to land overlay 3a

 earthfloWs

A slow moving, wet mass of unconsolidated earth material 

that exhibits viscous flow.

 

 sluMps

A rapid moving mass of soil or regolith that slides over a 

surface of rupture that is concave upwards. Often deep 

seated.

 

 gullies

Incised, linear to amphitheatre-like erosion features 

formed by running water. 
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desktop exercise  6approach

The aim of the desktop exercise was to establish consensus 

among workshop participants on the following key areas:

a)  Could effective erosion control be expected if planting 

regimes were restricted to Land Overlay 3A or would 

additional land surrounding the 3A delineation 

require to be treated;

b) Differentiating between erosion features requiring 

land use change to reforestation (blanket planting in 

pines, closely spaced poles/wands, reversion) versus 

those erosion features that could be retained in a 

pastoral regime by using pole/wand planting regimes 

to control erosion; 

c) Having decided that space planted poles/wands were 

the most appropriate treatment, what were the best 

planting densities for specific erosion features.

Sixteen workshop participants were provided with aerial 

and oblique photographs and a 3D digital image of 

various sites that included 11 gullies, 10 earthflows and  

6 slip/slump complexes. Other relevant information 

provided were mean annual rainfall, elevation, climate 

zone, geology, LUC unit and an outline and size (hectares) 

of the Land Overlay 3A area surrounding each erosion 

feature. 

Site by site, each participant was required to select one of 

20 pre-set treatment options as being the most appropriate 

primary treatment required to deliver an effective erosion 

control outcome. In selecting a planting treatment option, 

participants were asked to take into account whether or 

not they considered additional land area outside of the 

depicted 3A polygon would also require treatment, and if 

so indicate whether it would be greater or less than 50 

percent of the watershed. 

In discussions before the start of this exercise it was clear 

that some participants were uneasy at being restricted to 

choosing a single treatment option per erosion feature. It 

was decided by consensus that if no single treatment alone 

was felt to be sufficient to stabilise the feature in question, 

participants could chose a combination of treatments 

provided they denoted which option would be the 

primary treatment. The selection of a high, medium and 

low pole planting density of 200–500 spha, 75–200 spha 

and under 75 spha, respectively, was in the belief that the 

range was adequate and where implemented would 

provide effective erosion control to any erosion feature 

within the delineated 3A Overlay classed as the worst 

eroding land in the Gisborne District.

The treatment options included:  

 plantation forestry @ 1250 spha

1) All Land Overlay 3A plus treatment of over 50 percent 

of watershed.

2) All Land Overlay 3A plus treatment of under 50 

percent of watershed.

3) All 3A area only.

4) Part of 3A area only.

 spaced pole planting @ 200–500 spha

5) All Land Overlay 3A plus treatment of over 50 percent 

of watershed.

6) All Land Overlay 3A plus treatment of under 

50 percent of watershed.

7) All 3A area only.

8) Part of 3A area only.

 spaced pole planting @ 75–200 spha

9) All Land Overlay 3A plus treatment of over 50 percent 

of watershed.

10) All Land Overlay 3A plus treatment of under 

50 percent of watershed.

11) All 3A area only. 

Part of 3A area only.12)
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 spaced pole planting @ under 75 spha

13) All Land Overlay 3A plus treatment of over 50 percent 

of watershed.

14) All Land Overlay 3A plus treatment of under 

50 percent of watershed.

15) All 3A area only.

Part of 3A area only.

 paired planting along Watercourse

17)  Within 3A area only.

18)  Within and outside 3A.

19)  Retirement (indigenous reversion).

 No treatment.

Each participant made his/her decision independently 

and without discussion with other participants. 

Handwritten responses were entered and analysed in 

Microsoft Excel.

13)

17)
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results 7
Although a wealth of data was collected during the 

desktop exercise, the results presented here are restricted 

to determining consensus on: 

treating Land Overlay 3A only versus 3A plus 

additional land surrounding the erosion feature in 

question but within the same watershed (Figure 1); 

pole/wand planting versus forestry as a primary 

treatment (Figure 2);

pole/wand planting densities of 200–500 or 75–200 or 

less than 75 spha (Figure 3).

Note: The following analyses are not claimed to be 

statistically defensible, given there are just 16 participants, 

that is, 16 observations for each parameter, but 

nonetheless show basic trends/patterns of participant’s 

perception of treatment options required to provide 

effective erosion control of three of the most common 

erosion types associated with Land Overlay 3A: gullies, 

earthflows and slips and slumps. Where results showed a 

clear preference between 3A only, 3A + under 50 percent 

of watershed, or 3A + over 50 percent of watershed these 

are commented on. 

 land overlay 3a area only versus  

3a area and adJacent land 

 gullies

For 6 of the 10 gully examples there was a definite 

preference for including additional land to Land Overlay 

3A (Figure 1A) in their treatment and that treatment 

includes more than 50 percent of the watershed. Sites 1 

and 3 were the exceptions where participants considered 

that the planting of the area defined as Land Overlay 3A 

alone would provide effective erosion control. For site 1 

the presence of a considerable number of existing poles 

within the area designated as Land Overlay 3A and the 

presence of gentler terrain surrounding this gully likely 

influenced their choice. For site 3, justification for planting 

the Land Overlay 3A area only was possibly influenced by 

the presence of considerable regenerating scrub, existing 

›

›

›

pole plantings and the benign appearance of this gully as 

shown on the aerial and ground-based images provided to 

the workshop participants. 

 earthfloWs

For about half the earthflow sites, opinions were evenly 

split. At sites 5, 7, and 9 it was deemed that treatment of 

Land Overlay 3A alone would suffice (Figure 1B) while at 

sites 3 and 11 it was considered that treatment would be 

more effective if it included land outside the designated 

3A area. At site 3, visited the previous day, it was clear to 

participants that the entire slope had already been planted 

and at site 11 participants could see from the 

photographic imagery provided that this site was 

particularly wet on account of drainage from earthflows 

feeding into an existing gully that also required treatment. 

 slips and sluMps

For slips and slumps there was no clear domination of one 

option over the other (Figure 1C) but where it was 

deemed necessary to include additional land outside Land 

Overlay 3A for treatment, many chose to include greater 

than 50 percent of the watershed. At sites 1 and 3 the 

erosion feature lies within and only occupies a small 

proportion of the area designated as Land Overlay 3A, 

thereby justifying the planting of just the 3A area. Site 4 

was clearly deemed to require additional planting outside 

the 3A area because a considerable portion of the slump 

lay outside the designated 3A polygon. For site 5, the 

presence of considerable reversion both within and 

upslope of the designated 3A polygon may have 

influenced a few participants towards the retirement 

option and to include poor quality land adjacent to the  

3A area. 

There was confusion over the location of Site 6, as shown 

in the oblique photograph provided to the workshop 

participants, relative to the Land Overlay 3A, and this may 

have influenced the participants’ choice. It turns out that 
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 figure 1: the proportion of participants Who considered that treatMent Would be effective 

if confined to land overlay 3a only versus land overlay 3a and additional surrounding land in 

gullies, earthfloWs and slips and sluMps

the bulk of the area portrayed in the oblique photograph 

lies outside the now notified Land Overlay 3A area. 

Realistically, for half of the six sites (sites 2, 5 and 6) 

participants were evenly divided over the decision on 

whether or not additional land outside of the 3A polygon 

would need to be treated to ensure effective treatment of 

this erosion feature.

 figure 1a – land overlay 3a only versus land overlay 3a and additional surrounding land: 

gullies

 figure 1b – land overlay 3a only versus land overlay 3a and additional surrounding land: 

earthfloWs
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 figure 1c – land overlay 3a only versus land overlay 3a and additional surrounding 

land: slips and sluMps
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 forestry treatMent versus planting  

of poles/Wands 

 gullies 

Based on the results of the workshop there was general 

consensus about choosing the most appropriate treatment 

option for large and active gullies (8 of the 10 examples) 

where reforestation was considered to be the most 

practical option (Figure 2A). Afforestation was clearly 

favoured for gully systems in an “advanced” (4) and “mid” 

(4) stage of development. Both foresters and soil 

conservators appreciated that such features often require 

additional treatment of the channel through the use of 

wands or the allowance for setbacks if indigenous 

reversion is already present. Similarly, when deciding on 

an appropriate treatment option for smaller and perhaps 

less active gullies (examples were not well represented at 

the workshop except as sub-catchment elements of larger 

gully complexes) there is unlikely to be disagreement over 

treatment options as it is generally accepted that the 

planting of poplars and/or willows along the channel and 

banks of narrow, linear gullies would be sufficient to 

prevent further downcutting and/or lateral bank erosion 

at the majority of sites. Reversion, if sufficiently advanced, 

is also an accepted alternative option. However, although 

not well represented in the workshop examples, it is 

anticipated that gullies in the mid size range  

(~2–5 hectares) on pastoral land will be the most 

contentious when agreement is sought on their most 

effective treatment. Unless a set of criteria can be agreed 

on to define the limitations of pole/wand treatment of the 

different erosion types, perhaps based on type of feature, 

size of feature, degree of activity, aspect, slope etc, the 

choice of treatment will be partly subjective and open to 

criticism by one party or the other. These differences will 

need to be resolved at the time of developing a site plan or 

during subsequent site inspections.
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 figure 2a – forestry versus pole planting: gullies
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 figure 2b – forestry versus pole planting: earthfloWs

 figure 2: the proportion of participants Who considered forestry versus pole planting Most 
likely to provide the best erosion control outcoMes for gullies, earthfloWs and slips and sluMps 
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 earthfloWs, slips and sluMps

The desktop exercise results indicate a strong preference 

for pole/wand treatment on earthflows (9 of 11 examples, 

Figure 2B). There was a split decision between poles and 

forestry for slips and slumps (3 of 6 examples Figure 2C). 

For poles, the combination of site factors at each locality 

will often determine the success or otherwise of these 

plantings. There are slope treatment options often used in 

conjunction with plantings for example, drainage of 

ponded areas and/or debris dams that can significantly 

enhance the chance of success of planting.

����

�
��
��
���

��
��

���
�

� � � � � �
�

��

���

��

��

��

��

��

��

��

��

�������� �������������

 figure 2c – forestry versus pole planting: slips and sluMps

 pole/Wand planting densities for earthfloWs 

and slips and sluMps

 earthfloWs

For all 11 earthflow sites, the density range 75–200 spha 

was a popular choice but at only two sites (1 and 2) was it 

the dominant choice (Figure 3A). For sites 7 and 8 the 

choice of planting density was split between 75–200 spha 

and the heavier stocking density of 200–500 spha and for 

the remainder of sites the trend was towards lighter 

stocking rates with <75 spha showing an even ranking 

with 75–200 spha.
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 figure 3a – pole planting densities: earthfloWs

 slips and sluMps

For slips and slumps, the 75–200 spha option dominated 

at sites 2 and 6 (Figure 3B). To achieve an effective erosion 

control outcome some participants recognised the need 

for higher densities of poles on the larger and more active 

slumps (sites 1 and 4) and stocking evenly split on erosion 

features with existing poles (site 3) and advanced 

reversion (site 5).

 figure 3: pole/Wand planting densities selected by participants as Most likely to provide 
the best erosion outcoMe for earthfloWs and slips and sluMps
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 figure 3b – pole planting densities: slips and sluMps

 gullies

Pole planting was chosen as the primary treatment for 

only two of the 10 gullies presented in this exercise. For 

site one the preference was for 200–500 spha and for site 3 

it was 75–200 spha. There was insufficient data to graph. 

The gully elements and sub-catchment size is expected to 

influence the density chosen. 
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poplar and WilloW 8planting spacings for erosion control

Variations in workshop results, and in some cases a lack of 

a clear preference for one particular treatment, occur 

because combinations of treatment options were selected 

by most participants to give a more robust soil erosion 

outcome in the context of continued pastoral farming on 

Land Overlay 3A land.

The majority of respondents’ comments to the draft 

workshop report focused on the issue of planting density/

spacing for poplars and willows. There was strong support 

by respondents for the concept of devising recommended 

planting spacing (cf. planting densities, that is, stems per 

hectare) in recognition that poles should be sited in 

locations where they are most likely to survive and where 

they are most needed to effect control of the erosion 

feature in question. This requires acceptance that poles 

will inevitably be unevenly distributed across an eroding 

feature with a greater concentration planted on the 

unstable part. 

A range of planting spacing criteria for poplar and willow 

plantings, advocated by workshop participants to achieve 

a successful erosion control outcome on moderate and 

severe earthflows, slumps and for linear gullies 

respectively within Land Overlay 3A is presented in Table 

1. The sites at which each pole is placed would be decided 

at the time of work plan development. The auditing of 

treated areas may involve a count of surviving poles. The 

responsibility of replacing trees that had died in the 

interim rests with the landowner. 

feature  spacing (M)  planting location

 poles thinning Wands thinning 

Moderate earthflow 7–10m 10–12m  5–7  10–12m @  unstable part of flow 
  @ 10–20 years  10–20 years

 10–12m plus blanking none   

Severe earthflow 7–10m none 5–7 none unstable part of flow 
     

Moderate linear gully 6–8m 10–12m  2–4 10–12m  watercourse 
  @ 10–20 years  @ 10–20 years

 7–10  5–7  gully walls

 10–12m plus blanking none   

Severe linear gully 6–8m none 2–4m none watercourse

 7–10m  5–7m  gully walls 
     

Moderate slump 7m 10–12m  5m 10–12m  unstable part of slump 
  @ 10–20 years  @ 10–20 years 

 
Severe slump 5m none 5m none unstable part of slump 
     

note
planting	spacing	will	vary	with	topography	and	erosion	severity	within	a	given	planted	area.	(Table	contents	supplied	by	d.	hicks,	based	on	published	field	survey	data	
from	hawley	&	dymond	1988,	Thompson	and	luckman	1993,	hicks	1992,	miller	et	al.	1995,	mcelwee	&	knowles	2000	and	modified	in	response	to	comments	on	the	
draft	workshop	report	regarding	the	spacing	and	waste	of	resources	if	required	to	thin	pole	plantings.)

 table 1: indicative planting spacing recoMMended for earthfloWs, linear gullies and sluMps to 
achieve a successful erosion control outcoMe Within land overlay 3a and for adJacent eroded areas
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Consensus on the required spacing to achieve adequate 

erosion control for moderate earthflows and slumps (10–

12 metres after thinning) equates approximately to the 

equivalent of 100–70 spha. For severe earthflows and 

slumps planted at 7–10 metre spacing but not thinned the 

final density is equivalent to ~200–100 spha for the 

unstable parts of these features (Table 1). This is backed 

up to some extent by evidence from field surveys showing 

the relationship between disturbed ground and poplar 

plantings which clearly demonstrate that to provide 

adequate erosion control for moderate earthflows and 

slumps the final stand density needs to be between  

50–100 spha and that initial planting densities in excess of 

100 spha helps achieve stability at severely eroding sites  

(Hicks 2007). 

Hick’s prescription for pole spacing rather than planting 

densities as the most appropriate means of prescribing a 

treatment for any given area or feature met with general 

acceptance from other participants. That is, in developing 

a work plan for an area to be treated using poles, the 

specification would require a given number of surviving 

poles within a given boundary. 

With regard to the planting of wands, there was general 

agreement that these should be planted at the 

recommended higher stocking rates as indicated in Table 

1 because of their availability, lower cost and general 

lower resistance to summer dry. 

There was strong disagreement on the idea of over-

planting as a means of ensuring an adequate number of 

trees survived. Over-planting results in the excessive and 

unnecessary use of poles at a time when there is a dire 

shortage of planting material. Instead, blanking was seen 

as a more cost effective and efficient means of accounting 

for losses and of avoiding thinning costs at a later date. 

Counter to this argument, and raised by only one 

respondent, is the viewpoint that over or heavy stocking 

is the best way to effect early stabilisation and could well 

have application to the most severely eroding earthflows 

and slumps particularly within Land Overlay 3A. 

Conversely, the risk of under-planting poles on such sites 

could result in inadequate protection and financial and 

resource wastage. 

In preparing and presenting details of stocking rates, as 

part of property scale “work plans”, it would be helpful to 

both practitioners and landowners to have ortho photo 

maps with delineated planting zones and their required 

stocking rates. 
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The recommended planting spacings or stocking rates are 

indicative only and should be used as a guide for sites 

where a prior agreement has been reached that poles and/

or wands are an appropriate treatment option. Listed 

below are suggested additional factors and considerations 

that will need to be taken into account before reaching 

such a decision.

Whether or not an erosion feature is classified as severe or 

moderate is dependent on its activity and size at the time 

it is assessed. This assessment will likely occur when 

developing each farm plan but will require reassessment at 

the time of planting. Cognisance should also be given to 

the potential erosion status of each site as shown in the 

Land Use Capability Classification of the Gisborne–East 

Coast Region (Jessen et al. 1999), but taking into 

consideration the time-dependent nature of causative 

factors. This is particularly important for all large-scale 

earthflows, gullies, slips and slumps where consideration 

of the potential for failure could greatly influence not only 

the choice of treatment option but also the area required 

to be treated to achieve a successful erosion control 

outcome. 

Where applicable, that is linear gullies shallower than five 

metres, gully planting will require watercourse planting 

with willows in addition to gully wall planting with 

willows or poplars. The timing of watercourse planting 

relative to gully wall planting will require careful 

consideration. However, willow and poplar plantings in 

gullies in crushed geologies deeper than five metres, 

particularly those in bentonite or crushed argillite, are 

likely to have severe establishment constraints. Some will 

succeed, but many will fail. For these features, 

reforestation with pines or natural reversion along with 

poles or stakes in the watercourses is the preferred 

treatment option. 

Pole planting on slumps will require higher concentrations 

on the most active parts of the slump, and lower 

concentrations on less active parts. Experience has shown 

that many of the larger and deep-seated slumps likely to 

be encountered in Land Overlay 3A are beyond the scope 

of conventional pastoral-based erosion control measures 

and need afforestation with pines, often in association 

with gully planting. 

Unlike past erosion control efforts, largely funded through 

local authorities, there will only be one chance to secure 

funding through the ECFP, so all concerned with future 

erosion control efforts must do their utmost to get it right 

first time. 

As the goal of the ECFP and the Sustainable Hill Country 

(SHC) Regulation is to achieve long-term erosion control, 

a number of external risks should be taken into account 

when considering the most appropriate erosion control 

option. The probability of failed erosion control efforts, 

particularly for a severely eroding feature, could be high 

in the event of increased storminess, droughts and fire risk 

(climate change effects) and this is of concern. In addition, 

there are risks associated with the very narrow genetic 

pool of Pinus radiata and willows. Thus the inclusion of a 

reversion option and a provision for combinations of 

effective erosion control options to be used are essential if 

this goal is to be realised.
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The comparative effectiveness of poplars versus radiata 

pine for erosion control was raised at the workshop. The 

results of empirical studies of poplar height, diameter at 

breast height (dbh), root biomass and root strength were 

presented to benchmark the effectiveness of poplar pole 

plantings at various densities compared to radiata pine 

planting at 1250 spha. Such an approach enables a 

theoretical threshold root biomass to be calculated to 

provide effective soil reinforcement. East Coast poplar 

tables for dbh and stems per hectare have recently been 

correlated with root biomass per hectare (Knowles 2006). 

Allowing for variation in growth at different sites, this 

correlation indicates that mature poplar stands need to be 

about 70–100 spha to achieve the same root protection as 

closed-canopy pine forest and that about 160–200 spha 

are needed to achieve quick stabilisation by younger trees 

on severely eroding sites. These indications are supported 

by a similar correlation for a poplar stand in the 

Manawatu (McIvor 2007), with the proviso that McIvor 

inclines towards the lower end of the spha range, in view 

of poplars’ superior fine-root mass. 

The 2004 storm damage data for a random sample of 79 

poplar and willow plantings in the Manawatu–Wanganui 

region have been converted to spha, enabling comparison 

with Knowles’ and McIvor’s tables (Hicks 2007). The 

converted data show little fresh erosion where spha on 

unstable ground exceeds 50 spha, but substantial erosion 

where spha are less than 50. Fresh erosion was measured 

at just one site with greater than 100 spha. The sites had 

been planted in response to earlier severe erosion, during 

wet winters from the 1950s through the 1970s. Most 

stands are more than 20 years old and corresponds with 

Knowles’ and McIvor’s mature category. Hicks’ data 

supports their conclusions, that final stand density needs 

to be at least in the 50 to 100 spha range for adequate 

protection of soil; and that initial planting density in 

excess of 100 spha helps achieve stability at severely 

eroding sites (particularly if it can be maintained long-

term). 

However, it seems clear that more information on poplar 

and willow root biomass development is required to 

enable this approach to be used with confidence. 

coMparative 9effectiveness of Wide-spaced pole planting and radiata pine
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suMMary 10
The results of the desktop exercise, tempered by the 

general expertise of the workshop participants and their 

subsequent comments, plus published results from post-

storm surveys of soil conservation plantings, provided the 

basis for the planting densities now suggested in Table 1. If 

site factors that potentially could jeopardise a successful 

erosion control outcome have been taken into account in 

arriving at the decision to plant poles and/or wands then 

the recommended densities/spacing, if planted and 

maintained appropriately, are considered sufficient to 

provide effective erosion control for Land Overlay 3A and 

for some eroding adjacent land.

Workshop participants recognised that to achieve effective 

treatment a combination, rather than a single treatment 

option, would be required and that the combination 

should be decided by field inspection of the site. In 

particular, willow and poplar planting of gullies deeper 

than five metres, particularly those in bentonite or 

crushed argillite, are unlikely to be successful unless 

accompanied by afforestation or reversion of the 

surrounding watershed.
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Several respondents appeared to have differing  

viewpoints on:

1) the relative contributions of evapotranspiration 

versus root reinforcement in studies of slope stability 

involving poplars and radiata pine; 

2) which of the two species had the greater 

evapotranspiration rate over a full year’s growth;

3) improved understanding of interrelationships between 

plantings and site factors other than the two broad 

research areas above; 

4) how to establish equivalent effectiveness for poplars 

and radiata pine. The possibility of using empirical 

studies of poplar height, dbh, root strength to 

benchmark the effectiveness of poplar pole plantings 

at various densities compared to radiata pine (notes 

on this theme provided by Knowles (2007) and 

McIvor (2007)).

These topics are beyond the scope of this report but are 

nonetheless potential areas for future research.

It was also recommended that because “effectiveness” field 

surveys have to date largely been undertaken on Land 

Overlay 2 and 3 it would be worthwhile to commission a 

Hick’s style “random” assessment of the effectiveness of 

later clones of poplars and willows within Gisborne 

District and to include elements of Land Overlay 3A land. 

research 11recoMMended



references25

12references
Bergin DO, Kimberley MO, Marden M, 1993. How soon 

does regenerating scrub control erosion? New Zealand 

Forestry 38(2): 38–40.

Bergin DO, Kimberley MO, Marden M, 1995. Protective 

value of regenerating teatree stands on erosion-prone hill 

country, East Coast, North Island, New Zealand. New 

Zealand Journal of Forestry Science 25: 3–19.

Ekanayake JC, Marden M, Watson AJ, Rowan D, 1997. 

Tree roots and slope stability: a comparison between  

Pinus radiata and kanuka. New Zealand Journal of Forestry 

Science 27(2): 216–33.

Hawley JG, Dymond JR, 1988. How much do trees reduce 

landsliding? American Journal of Soil and Water 

Conservation 43: 495–498.

Hicks DL, 1992. Impact of soil conservation on storm-

damaged hill country grazing lands in New Zealand. 

Australian Journal of Soil and Water Conservation 5:  

34–40. 

Hicks DL, 1995. Control of soil erosion on farmland. 

MAF Policy Technical Paper 95/2.

Hicks DL, 2007. Notes about graphs of soil erosion 

amongst spaced tree plantings. Unpublished advice to 

MAF Policy (circulated in March 2007)

Jessen MR, Crippen TF, Page MJ, Rijkse WC, Harmsworth 

GR, McLeod M, 1999. Land Use Capability Classification 

of the Gisborne–East Coast Region. Landcare Research 

Science Series No. 21: 213.

Knowles L, 2006. Tables of poplar dbh, height, stand 

density and root biomass. Unpublished advice to MAF 

Policy (presented at December 2006 meeting).

McIvor I, 2007. Revised poplar root biomass table. 

Unpublished advice to MAF Policy (circulated in March).

Marden M, Phillips CJ, Rowan D, 1991. Declining soil loss 

with increasing age of plantation forest in the Uawa 

catchment, East Coast Region, North Island, New 

Zealand. In: Proceedings of the International Conference on 

Sustainable Land Management, Napier, NZ: 358–61.

Marden M, Phillips CJ, Jackson RJ, Zhang XB, Ekanayake 

J, 1992. A decade of earthflow research and inter-related 

studies in the North Island of New Zealand. In: DE 

Walling, TR Davies and B Hasholt eds. Erosion, debris flow 

and environment in mountain regions. Proceedings of the 

Chengdu Symposium. IAHS Publication No. 290: 263–71.

Marden M, Rowan D, 1993. Protective value of vegetation 

on tertiary terrain before and during Cyclone Bola, East 

Coast, North Island, New Zealand. New Zealand Journal 

of Forestry Science 23: 255–63.

Marden M, Arnold G, Gomez B, Rowan D, 2005. Pre- and 

post-reforestation gully development in Mangatu Forest, 

East Coast North Island, New Zealand. River Research and 

Applications 21: 1–15.

McElwee HF, Knowles RL, 2000. Estimating canopy 

closure and understory pasture production in New 

Zealand-grown poplar plantations. New Zealand Journal 

of Forestry Science 30: 422–435.

McKee J, 1973. Willows and poplars in the Gisborne/East 

Coast District. In: Prevention and control of mass 

movement and gully erosion, seminar arranged by Ministry 

of Works/NZ Association of Soil Conservators and 

Poverty Bay Catchment Board, 15–19 April 1973: 

31–38.



references26

Miller DE, Gilcrest AN, Hicks DL, 1995. The role of 

broadleaved trees in slope stabilisation in New Zealand 

pastoral farming. In: Ralston, M. (ed.) Mountains of East 

Asia and the Pacific. Proceedings of the East Asia Pacific 

Mountain Land Symposium, Lincoln, Christchurch:  

96–104.

O’Loughlin CL, 1984. Effectiveness of introduced forest 

vegetation for protection against landslides and erosion in 

New Zealand’s steeplands. Symposium on effects of forest 

land use on erosion and slope stability. Environment and 

Policy Institute, East-West Center, University of Hawaii, 

Honolulu, Hawaii: 275–280. 

Pearce AJ, O’Loughlin CL, Jackson RJ, Xhang XB, 1987. 

Reforestation: on-site effects on hydrology and erosion, 

eastern, Raukumara Range, New Zealand. In: Forest 

Hydrology and Watershed Management. Proceedings of the 

Vancouver Symposium. IAHS-AISH Publication No. 197: 

489–497.

Phillips CJ, Marden M, Pearce AJ, 1990. Effectiveness of 

reforestation in prevention and control of landsliding 

during large cyclonic storms. In: Proceeding, 19th IUFRO 

Conference, Montreal: 358–61.

Rowe LK, Marden M, Rowan D, 1999. Interception and 

throughfall in a regenerating stand of kanuka (Kunzea 

ericoides var. ericoides), East Coast region, North Island, 

New Zealand, and implications for soil conservation. 

Journal of Hydrology (NZ) 38(1): 29–48. 

Thompson RC, Luckman PG, 1993. Performance of 

biological erosion control in New Zealand soft rock hill 

terrain. Agroforestry System 21: 191-211.

Trotter C, 1989. Sustainable land use options. Paper 

presented at Environmental Summit Meeting, Gisborne: 

1–5.

Watson A, Marden M, Rowan D, 1995. Tree species 

performance and slope stability. In: Barker DH (ed.) 

Vegetation and slopes – stabilisation, protection and ecology. 

Thomas Telford: 161–71.

Watson A, Phillips C, Marden M, 1999. Root strength, 

growth, and rates of decay: root reinforcement changes of 

two tree species and their contribution to slope stability. 

Plant and Soil 217: 39–47.

Zhang X, Phillips C, Marden M, 1993. A comparison of 

earthflow movement mechanisms on forested and grassed 

slopes, Raukumara Peninsula, North Island, New Zealand. 

Geomorphology 6: 175–187.



acknoWledgeMents27

Participants at this workshop are thanked for their input 

to the desktop exercise and to useful discussions 

surrounding their experiences in dealing with erosion. 

The list of workshop participants is in Appendix 1. 

Anne Schneider’s endeavours (visiting intern with 

Landcare Research, Gisborne) in preparing the graphics is 

greatly appreciated. Thanks also to Keriana Wilcox and 

Alan Hughes (Gisborne District Council) for their 

contribution during the early stages of preparing this 

document. An earlier draft was edited by Anne Austin, 

Landcare Research and this report was edited by Janine 

Pollock.

Special thanks to Malcolm Penn (MAF’s Gisborne office) 

for providing aerial and land based images, and Megan 

Thompson and Kelly Thompson for providing logistical 

support for the workshop.

13acknoWledgeMents



appendix 128

1�appendix 1

experts/practitioners

Colin O’Loughlin – Consultant, Christchurch

Stan Braaksma – Greater Wellington Regional Council

Mike Marden – Landcare Research, Gisborne

Mike Page – GNS, Wellington

Doug Hicks – Consultant, Auckland

Garth Eyles – Hawkes Bay Regional Council

Peter Manson – Hawkes Bay Regional Council, Wairoa

Malcom Todd – Horizons

Norm Ngapo – Consultant, Auckland

Ian McIvor – HortResearch, Palmerston North 

Leith Knowles – SCION, Rotorua 

gisborne district council

Trevor Freeman

Peter Fantham

Keriana Wilcox

Alan Hughes

Ministry of agriculture and forestry

Alan Reid

Randolph Hambling

Avinash Shrivastava

›

›

›

›

›

›

›

›

›

›

›

›

›

›

›

›

›

›

list of participants


	Workshop Report: Poplar and Willow Planting on Land Overlay 3A, Gisborne, East Coast Region
	Enquiries
	Disclaimer

	Foreword
	Contents
	Introduction
	Background
	Why there was a need for this workshop
	Principles
	Erosion forms applicable to Land Overlay 3A
	Earthflows
	Slumps
	Gullies

	Desktop exercise approach
	Results
	Land Overlay 3A area only versus 3A area and adjacent land
	Figure 1: The proportion of participants who considered that treatment would be effective if confined to Land Overlay 3A ONLY versus Land Overlay 3A and additional surrounding land in gullies, earthflows and slips and slumps

	Forestry treatment versus planting of poles/wands
	Figure 2: The proportion of participants who considered Forestry versus pole planting most likely to provide the best erosion control outcomes for gullies, earthflows and slips and slumps

	Pole/wand planting densities for earthflowsand slips and slumps
	Figure 3: Pole/wand planting densities selected by participants as most likely to provide the best erosion outcome for earthflows and slips and slumps


	Poplar and willow planting spacings for erosion control
	Table 1: Indicative planting spacing recommended for earthflows, linear gullies and slumps to achieve a successful erosion control outcome within Land Overlay 3A and for adjacent eroded areas

	Comparative effectiveness of wide-spaced pole planting and radiata pine
	Summary
	Recommended research
	References
	Acknowledgements
	Appendix 1: List of participants

