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Summary

Project and Client

Gisborne District Council supported a Landcare Research initeg¢siengFRST
Envirolink funding to collate andompare data on the abewand belowground growth
performance of dyearold poplar and willow poles from two tr&hnd one field site in
the North Island.

Objectives

Collect a representative sample eydarold poplar and willow poles from an East

Coast hill slope typical of the most difficult land classes considered treatable with space
plantedpoles Partition the material by stem, branches, and roots; oven dry, weigh and
for the roots separate into diameter size classesaagure root length.

Compare with equivalent data foryearold pole material of poplar and willow clones
established as part bio field trials locatedon alluvial terraces with contrasting soil
types and in climatically different regiarisast Coast of the North Island and
Manawatu.

Summarise the findings, highlight knowledge gaps and recommend future research
needs.

Methods

Onre-yearold poplar(Veronesgand willow polegMoutere)were retrieved from
Puketoro Statiorgn East Coast hill country property for partitioning into abgveund
(stem and branches) and belgwound (root bole and roots) components before oven
drying and weighing. fie distribution of root biomass and root length (of roots >1
mm), relative to theaot bole,was recordethy 50-cm radiusx 50-cm deep concentric
disc (similar to growth rings) to the maximum extent of root groRiots within each
concentric disc wersegregated into diameter size classes and total root leagth
measuredGrowth perbrmance was therompaed withoneyearold poles of two
poplar andwo willow clones egavatedrom a controlledield trial site in Gisborne

and with one pole of a poplar clone from a similar trial sitBalmerston North.

Results

At Puketoro, for all prameters measured one year after establishment, willow
(Moutere)appeasto outperform poplafvVeronese)Measured data for new growth
produced since planting (e.franches and roots) indicate that willow productdce

more branch andtkree timesnorenewroot biomass than did poplakt this stage in
growth the mass of the fine root fraction (< 2mm) was greater for both poplar (54%)
and willow (66%) than the structural root (rftn) massWillow produced more than
twice the total length of struatal roots than did poplacontributing to its superior root
spread. Of that total root length, most is in the finer roots and located closest to the
stem, with willow having more root length and root biomass than poplar. Nonetheless,
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for both species, theaass of new roots after one y@&agrowth comprisgjust 7% of the
total belowground biomass.

Mean tree height of willowteboth the Gisborne and Puketoro sites was greater than for
poplar and for both species was significantly tggeat the Gisbornetsi whereTangoio
outperformed Hiwinui and, Veronese outperformed Kal¥ee mean tree height of

poplar at the Puketoro site was similar to that of the Veronese poplar at the Palmerston
North site. The differences in abegeound parameters are generallyslesthin and

between sites than are bel@round parameters.

There was no significant difference in root spread between poplar at Puketoro and the
Palmerston North site, averaging just over 0.8 meter diameter. This contrasts markedly
with the mean root spad of 40 m for similar aged poplar and willow at the Gisborne

site. At this age root depth is heavily influenced by the depth to which the pole is
planted. In the denser soils at Puketoro Station and the Palmerston Nositettired
maximum root deptlvas little more than the base of the patie0 cm However, in the

less dense soils at the Gisborne trial site, the roots that developed from the base of the
root bole and the sinker roots that descended from surficial lateral roots both penetrated
to amaximum depth of ~in.

At both the Gisborne and Puketoro sites, the total length of rootsna @liameter)

was greater for willow than for poplar and for both species was significantly greater at
the Gisborne site where Tangoio and Hiwinui were simitar ldawa outperformed
Veronese. Here, both poplar species had two to three times more root length than
Veronese at the Aokautere siteéhich in turn outperformed the poplar at Puketoro
Station.

The same general trend was evident for the biomass of rbots™in diameter with
the exception that for the willow clones, Tangoio outperformed Hiwinui.

Total tree biomass follows similar patterns to many of the other parameters. The ratio
of aboveground biomass (stem and branches) to beoyund biomass (rootote and
structural roots i.e. including fibrous roots) varied from 0.39 to bkt this stage of
growth is largely a function of differences in the size of the planting material

While relationshig between DBH and total root length fmots >2mm diameterand
between DBH and beloyground biomassncludingdata collected fob-, 7-, 9.5, and
11.5year old poles from Ballantrae Statj@an be derived with relatively good R
values these relationships should be used with cau®they have beaterived from
small sample numbers of each clone

Conclusions

Pagevi

Irrespective of site and for many of the growth parameters measured, willow appears to
outperform poplar during their early stages in growth reflecting their overall greater
hardiness and sulbbdity to wet sites including earthflows and along gullies, typical of
locations where they are the preferred soil conservation species.

For both poplar and willow there are clear differences in growth performance between
sites. Growth performance at t@asborne site was superior to that of the Puketoro and
Aokautere sites but for the latter two sites was of a similar order of magnitude.

Regression relationships established using growth performance data collected from
trees at different stages of grovethd growing in different physiographic sitedere
growthperformance can bmarkedly differentwill be less than ideal for developing
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robust relationships between abegad belowground growth parameters. These
relationshipshowever, are critical fodetermining planting density requirements for
situations wherg@oplar and willow plantings are the preferred means of soil
conservationThe scarcity of data has limited our ability to develop predictive models.
The completion of time series data on thevgh performance of poplar and willow is
required for Manawatu and East Coast hill country sites where partial time series data
already exist.

Recommendations

It is recommended théihe annualexcavatiorof pole material, preferably from

Puketoro Stationrofrom other nearby hill slope locations on the same land class, be
continued for a minimum of another two years, but preferably for four years, in order to
establish a time series of growth performance for poplar and willow poles to at least
year5. Altematively, continue annual excavatiooispolesfor a further 2 years (2012) ,
and randomly select a representative number of trees for anfmebliirement of
aboveground growth parameters until these plantings ayeass old (2014).

For the Manawatu region, it is recommended that the existing time series data’for
year, 9year and 11fyear old Veronese poles extracted from Ballantrae Research
Station be extended to include the collection of additional data for yoaggdr
Verorese poles established on sites with similar land/soil/slope class and within the
general vicinity of Wooduville.

It is recommended that parties interested in research specifically on poplar and willow
root systemgonvene a workshajhat focuseson formulaing a research strategy for

the future that will address some of the risk management issues associated with hill
country subject to one or a combination of erosion types and for which poplar and
willow plantings are the preferred means of soil conservation
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1 Introduction

Poplars Populusspp.) and willows $alixspp.) are commonly used in New Zealand for soil
conservation on erosiesusceptible pastweovered hill country (Douglas et al. 2014n)d

river bank protectionMostly they are establisheuh hill countryas widely spaced plantings

at 25 150 stems Ha (spha) but occasionally they may be established in high density

Apl antationso up to 1500 spha. There are a n
willows useful for soil conservation on moist unstable hill country including: rapid
establishment from steouttings, ease of establishment in the presence of grazing livestock,
extensive lateral root development, high evapotranspiration rates during the growing season
and tolerance of seasonally wet soils (Wilkinson 1999). Plants are predominantly established
from 3-m-long unrooted stem cuttingseferred to apoles. Occasionallywhere livestock

are not present, smaller diameter and shorter length materials are used (wands and cuttings).

In 2008, goint Ministry of Agriculture and ForestryMAF) andGisbarne District Council
workshop(Poplar and Willow Planting on Land Overlag, Gisborne, East Coast Region)
addressda number otoncerns regardintpe efficacy and effectiveness of regimes of wide
spaced poplar and willow plantings as an erosion costtaiegyon unstable East Coast hill
country(MAF 2008) Thisworkshopbroughtcurrent practitioners, with significant
experience in soil conservatig¢fh regional councils representetgether with scientists
knowledgeable in the causes and solutiongfosion types typical of hill country, to explore
if a consensus could be reached on the process of selecting the most effective and practical
erosion control solution for differeerosion typesThe aim was to develogritten
guidelinesoutlining specifcations for the treatment of eroding areas where poplar/willow
pole planting could result in a successful erosion control outcArgeneral consensus was
reachedn indicative plant spacinigr earthflows, linear gullies and slumpasedargelyon
poststorm landslide damage assessments and personal expen®@hdeghese species have
long been recognisday soil conservation practitionefsr their ability to provide a soil
conservation benefit in New Zealand (Haw&ypymond 1988Hicks 1989;Thompsoni
Luckman 1993)concernwasraisedthatthere is limited quantitative knowledge and
understanding of the rates and patterns of root development particluery their

formative years (15 years oldto underpin the workshop recommendationswide-spaced
plantings(Phillips et al 2008)

Previous attempts at evaluating the oO0effectdi
0whet her the wor ks have 6s tosiopmwfeldbased saruegsb er o f
of fresh erosion relativid land class, tree age, spacing and conditfguiamtings (Hicks

1989);modelling of the fraction of ground eroded relative to distance from tresi¢y &

Dymond 1988)assessing plant performance for erosion control (Phillips et al. 2000); and
develoome nt of a fAdecision support sysspaeeash0o f or a
trees based on vegetation parametiersved from limited data setd commonly plargd

trees(Phillips et al. 2008Douglas et al2009.

In his assessment of the effeetmess of soil conservation efforts in the Waihora catchment
Hicks (1989) identified that 66% of farm conservation measures undertaken d®afajer
storm in 1988 Cyclone Bola had failed Reasonsnclude (i) plantingsestablished to control
onebut not allerosiontypes presen(ii) installation of appropriate measut@ag over an
insufficient area required to stabilise a hillslpfi#) well-executed but poorly maintained
plantings, and(iv) nonreplacement of dead tredhesestudies highght thattheongoing
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incidence oflope failures in areansidered to have been wakated and planted at

spacings deemed appropriate for particular land classes and type of erosion are in fact
symptomatic of insufficient trees in good health at ke tof the initiation of new slope
failures.While recent work by Douglast al. (20092010 indicates that mature plantings of

30i 60 stems per hectare {(1IB-m spacing) were effective in controllispallowslip erosion

on slopes up to 20n the Manawat and Wairarapaf increasing concern is the assumption

and general acceptance that a successful treatment reported for a particular land class/slope
category/erosion type is applicable to other land classes and erosion types. On the contrary,
guestionsf plant spacings and time (years) required to achieve a measureable improvement
in slope stability and thereby o6effectivelyd
different land classes (steeper slopes) and combinations of erosion type ahaatow
landsliding (e.gdeeperseated failures such aarthflowandslump and small gulliegsee

Figs 4i 6) remainlargelyunanswered.

To date , therbave beerlew New Zealanébasedield studies that involvéhe systenatic
measurement dioththe above and belowground plantomponent®f poplar and willow
treesat varyingages and from whicktime seriesegression analyses of relationships between
aboveand belowground growth parameters can be established (Mclvor 20@5 2010) .

In particuhbr, time seriesata d the growth rate ofoot system®f modern clones of poplar

and willow areessential for understanding how sdgears after planting)ot occupancy
(depth, spread and root mass per volume of aadthusroot reinforcement of sfzes

occurs. This understandingpuld then enabléhe development of models or totds

determire effective planting strategies amutovidesoil conservatorwith a scientific basiso
supportthe developnent ofguidelinesfor appropriatespacing opoplarand willow on

eroding hill countrywith differing stabilities and/ocombinations oérosion typesHad there
been data available on tree age and knowledge of the architecture and distribution of roots of
poplar and willowat the time ofthe earlier studies by Hicks (1989) and Hawdewyl

Dymond (1988) thee authors would have been better able to substantiate their findings.

This report summarisesurrentresearch efforts aimed mproving the knowledge base of
growth rates and patternsmafot developmenior poplar and willow poles during their
formative yearsin addition we highlight knowledge gaps and recommend future research
needs.

2 Background

In recognition of the paucity of quantitative time series data of poplar and willow growth,
particularlyof their root systems, two trial sites were establisie@art of the FRSTunded
SLURI programmen 2009with the aim ofdocumenting the relative growth rates of clones
typically used for erosion control in two regions of the North IslémglEast Coast and the
Manawatu Bothtrials are located oftat land (alluvial terraces)n Gisborne and Palmerston
North, respectively

While thesedata will be useful for modelling purposegpotentialshortcoming of these trials
is thatthe expected growth ratesayrepresent the upper endgrbwth possible in the two
respective regions and will therefore ovepresent that on hill slopes susceptible to erosion
where growing conditions are likelg be less than optimurm maintained gperimental trial
sites With this in mind and the coincidental opportunity to colleeydarold poplar and
willow poles from actively erodinglump terrainn the Gisborne regio(Puketoro Stabn),
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we are able to contrast growth rates of poplar andwipolesb et ween an O6i deal 6
6typical hill sl oped foriwod@luvialterrdceditesins a me r egi on
climatically different regios and orcontrastingsoil types

While the data presented in this report will fall far shortgdroving our understanding of

the intricate relabnships between plant growth, sisejl and climatic influencest is the

first step towadls compiling a timeseries dataase of measureable growth paramaters for
modern clones gfoplar and willowthat will eventually permit scientificallyalidated
comparisons to be made with oldegge classes of these and other tree species commonly used
for soil conservationThe information gained will fill a key gap ohata required tadvance
ourunderstanding of how saafter plantingpoplar and willow poles increase soll
reinforcement in a field situatio®uch datareproving increasingly essential to suppibre
continued use gdole plantingfor sal conservatiorthrough policy developmeratnd to

promote landowner participation thegoal oflong-term sustainability of pastoral farming on
soft rock hill country (not just Gisborne) where afforestation is not the only soil conservation
option.In addition, it is anticipated that in futureays tlesedata will help establish the

0ef f e c-limitatien®d e ® § -planped sieconservation strategies on different classes of
land and/or erosion types anqukrhapswherespecies more suited to clep&nting would

afford therequired level ofoil reinforcement andlopestability. With increased knowledge

of the growth performance of poplar and willow speowesr time particularly of their root
systems, conflicteverwhich soil conservation strategy is most appropriate for different hill
slope situations catihenbe addressed.

This informationcan then be used by Coundls part otheir oneto-one advocacy

programmes with farmers, interaction with MAF, dadeducation initiativesit could lead

to changes in willow and poplar clone o@amendations for particular site conditiorsyised

planting standards and spacingsd ultimately result in increased interest and uptake of pole
planting opportunities. Pole planting i1s 1int
regulatorybased Sustainable Hill Country Projeshich is itself compme nt ary t o MAFG(
East Coast Forestry Project.

3  Objectives

Collectrepresentative sampef 1-yearold poplar and willow poles froran East Coashill
slopetypical of the most difficult land classes considefiedatablé wi t plarged a c e
trees Partition the material by stem, branches, and ra@visn dry, weigh andor the roots
separate into diameter size classesraadsure root length.

Compare with quivalent data for syearold pole materiabf poplar and willowclones
established agart of a wideffield trial that included cuttings and wands plantedalluvial
terrace sitesvith contrasting soil types and iwo climatically differentlocationsGisborne
and Palmerston NortSLURI trial).

Summarise the findingsighlight knowledge gaps and recommend future research needs.
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4  Methods
4.1 Site details
4.1.1 Gisborne trial site

The trial siteis located on a lowying, evensurfaced alluvial terrace adjacent be fTaraheru
River, in Gisborne City, North Island, New Zealg(fil. 1).

Puketoro Station ®

Gisborne

Ballantrae
Research Station
o ®
Palmerston
North

Okm 200km

Figure 1 Map of study sites

The soil is free draining, Te Hapara Typic Sandy Brown Soil (Hewitt 1998jsamajatedin
summer. The site (50 m30 m)is subdivided into three blockslled and to minimise weed
competition matting was laid down before plantingSeptembe009(Fig. 2).

Poles, stakes and wandd two clones of poplar and two of willowere sourced from local
nursefesand all three locks were planted in a day. Within each bldtie three types of
materia{poles, stakes and wandsgreplantedin a predetermined random patteah3-m
spacing Poles 3m long were inserted into the ground to a depth oh).X m wands to 0.4
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m; and 0.5m stakes to 0.81. Diameter at breast height and root colar diameter were
measured at the time of planting but not the mass of the planting material.

Species seleet weregwo clones of poplar (Veronese andvwa and two clones of willow
(Tangoioand Hiwinui), these being the species most often used for soil conservation in this
Region.

Figure 2 Trial siteat Gisborne. Poplar and willoare 9months old(Photo Mike Marden, Landcare Reseajch

In May 2010, 9months after plantinghreeof each planting type (poles, wands, stakds)
each of the four speciegereremovedfor processindgiowever, only oneéoot systenof each
plantingtype wasexcavatedind processedlsing an ailanceat 240 kPa, soil surrounding
each root system was renem/allowing them to be extracted undamaged and a high
percentage of thiotal root mass to be recovergdg. 3).
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Figure 3 Air lance using compressed air to remove soil and expose root sysgemonth-old poplar pole
intact (Photo Chris Phillips, Landcare Research

41.2 Puketoro Station

In July 2010 sevenVeronesepoplar and nindlouterewillow poles wereexcavatedrom the
Horse paddodkon Puketoro Station, inland of Tokomaru B&yg. 1) Mostof the sample
treeswere located close tmaactively eroding gully where they had toppéed! were

partially exhumeds a consequence of localised slumping of the gully sides4R&y. The

site is west facind,UC Class Vlle 15 lanavith slopes 2135 degrees anaveragng 28
degreegNWASCO 19B). Soils areOrthic Brown Soils transitioning to Allophanic
BrownSoilsand related skeletal steepland saileitt 1998) Theycompris clay-rich,
greywackecolluvial subsoiloverlain by thin volcanic ash and a residual orgamisoil

Slopes shovevidence of past and present moderate to severe gully erosion and moderate
slump and earthflow wita potential for gully erosion to become very sevl&/ASCO

1975) Willow (Moutere)pole material was grown in a nursery Wharekaka Roadlolaga
Bayand mplar (Veronese)oles were sourced froRuketoro nurseryl he Veronese parent
material for this nursery was sourced from the Gisborne District Council nursery at
Waerengao-k ur i . The O6éHorse paddockd site was plar
height, root colar diameter and pole mass were not measured at the time of planting.
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Figure 4Oneyearoldpop| ar and will ow pl anti ngs (RhotoNckiRolloske Paddoc
MAF, Gisbornég.

The location of approximately 1200 poplar and willow poles planted & fhisasite ha
beengeoreferencetly GPS (Global Positioning Systetn)anaccuracy oft 3.0m. The

Ministry of Agriculture and Forestry intend to repeat this survey in 2014 to assess pole losses
(mortality); results will form the basis for determining the amount of grant payout to the
landowner

Figure 5 Oneyearold poles planted alonyesides ofa small gully are toppling as a consequence of gully
deepening and subsequent collapse of the adjacent.qBpheto Nick Pollock, MAF, Gisborng
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Figure 6 Advanced gullyindgollowing heavy rainfall in February 20%@sulting in slump failure with
consgquent toppling and ultimately the loss of grearold poles (Photo Nick Pollock, MAF, Gisborng

4.1.3 Palmerston North site

This trial is located on an elevated alluvial terrace at the site of the former Ministry of Works
Aokautereplant nursery,PalmerstorNorth (Fig. 1) The soi] Weathered Recent Fluvial Soils
(Hewitt 1998, consists of an uppetost compacte80 cm layer of silt loam overlying
loosely compacted sandkhe site, protected by shelter belts, was cultivateth@ths before
plantingandweedssprayed soon after planting and again during sumitnisrnot irrigated.

As part ofthelargerSLURI study on the relative growth rates of different types of poplar
plant material, poles, wands and cuttimgge plantedn August 2009t 2 m (within row)x
2.5 m (between rows) spacifigig. 7). Poplar dones included/eroneseFraser, Kawa, NZ
5026, NZ 5034, and Trichocarpat only Veronese was planted as a plleMay 201Q 5
Veronese poplavoleswere extracted for procesing and measuribigmeter abreast height,
root colar diameter and pole mass were not measured at the time of pMfiliogy. clones
were not trialled at this site.

Page8 LandcareResearch













































