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Introduction

New-Zealand is well known for its pastoral farm-
ing

Erosion is a significant environmental issue facing ag-
ricultural and forestry land uses in large parts of the hill 
country of New Zealand [1]. Forested hill country in the 
North Island, particularly, was cleared for pastoral farming 
by European settlers between 70 and 170 years ago. Fol-
lowing deforestation, pastoral hill country erosion became 
so severe, the Water and Soil Conservation Act was passed 
by the New Zealand Government in 1941. Affordable tree-
based erosion control measures for pastoral hill country 
were required to be established in the presence of grazing 
animals [1]. The two most suitable species proved to be 
poplar (Populus spp.) and willow (Salix spp.) [2]. Both spe-

cies are readily established from large poles in the pres-
ence of stock, with a minimum of protection, are cheap to 
produce, and are easily transported and planted on steep 
unstable hill country [2]. Immediate reductions in pasture 
production follow landslide erosion events on steep hill 
country [3] and mature poplar and willow trees reduce the 
incidence of soil slippage to very low levels when compared 

Research Article

Abstract
A field study of the effect of pollarding on fine root development of tree willow (Salix matsudana × alba ‘Tangoio’) was 
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fRLD following pollarding was for fine roots with diameter 0 < 1 mm. The study suggested that the reduction in fine root 
density following repeat pollarding of mature Salix matsudana × alba ‘Tangoio’ willows at intervals less than 4 years may 
compromise their long-term effectiveness in binding soil and reducing erosion. Further research is needed to confirm 
this hypothesis.
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× alba ‘Tangoio’ willows at intervals less than 4 years may compromise their long-term effectiveness in binding soil and 
reducing erosion.



Citation: McIvor IR, Hedderley D, Mason K (2020) Effect of Pollarding for Fodder on Fine Root Dynamics of Soil Conservation Willow Trees in 
New Zealand. Adv Environ Stud 4(1):252-260

McIvor et al. Adv Environ Stud 2020, 4(1):252-260 Open Access |  Page 253 |

quently, any influences that potentially reduce the fine root 
network will reduce the effectiveness of the tree in binding 
soil and reducing erosion.

In this study we investigated how the immediate and me-
dium-term effect of pollarding may alter the soil stabilizing 
effectiveness of tree willows by studying the root dynamics, 
particularly of the fine roots, of mature Salix matsudana Koid-
zumi × alba Linnaeus ‘Tangoio’ willows grown on a pastoral 
hill slope and following pollarding.

Methods

Study location
The study was conducted on a hill country sheep and 

beef farm (40.1 °S ,176.4 °E) located approximately 10 km 
SSW of Waipukurau in the central Hawke’s Bay, New Zea-
land, a location with a mean annual rainfall of around 785 
mm but prone to summer drought. The farm has a well-de-
veloped conservation tree programme with substantial 
plantings of various ages of poplar and willow on pastoral 
areas. The study willow trees were located on a south-fac-
ing slope averaging 16° steepness with a silt loam soil (Pu-
rimu soil: NZ Soils Database) [15] overlaying a sandstone 
bedrock. The slope was characterised by several old slips 
and the bedrock was exposed on the slip scars. While the 
slip scars were planted with willow trees, no trees located 
on slip scars were used in the study. The slope is regularly 
grazed by both sheep and cattle. As far as could be ascer-
tained from the farmer, the trees in the study area were 
planted within a year of one another and were estimated 
to be 12-14 years-old.

Some of the trees on the slope were pollarded 
(IP) for stock fodder in February 2006, while oth-
er trees remained unpollarded (UP)

Many of the IP trees were re-pollarded (RP) in February 
2009 (another drought year), 4-5 days before sampling on 
Day 49. This management provided opportunity to assess 
the immediate root response to pollarding (by sampling 
from the RP trees), and the response at the end of a pol-
larding cycle (sampling the IP trees) compared with that 
for unpollarded trees (sampling UP trees). The diameter at 
breast height (DBH; measured at 1.4 m from the ground) 
was measured for all the trees contributing data at the be-
ginning and at the end of the study. Pollarding involved 
removing all branches above ~2 m measured from ground 
level. This left either short sections (100-150 mm) of major 
branches or just the trunk to provide the buds to produce 
new shoots. Trees chosen for the study were, as far as pos-
sible, of similar size, on a similar slope and greater than 8 
m from neighbouring trees.

Root sampling
Tree roots were sampled by taking soil cores at 150 mm 

depth intervals down to 600 mm at two distances, 2 m and 
3 m from the centre of the tree trunk. These distances, 
rather than distances further from the tree, were chosen 
to ensure a reasonable capture of roots. It was considered 

with slippage on nearby pasture control sites [4]. Pasture 
grasses alone are not sufficiently effective in reducing 
soil erosion following heavy or prolonged rain events [4], 
hence the emphasis in New Zealand on using Populus spp 
and Salix spp. to stabilise the soil and reduce slope ero-
sion. The increased effectiveness of tree-pasture systems 
over pasture alone in reducing slope erosion is thought to 
be contributed by several factors including their superior 
root tensile strength, the extensive nature of their root 
systems, their ability to extend their root system into the 
underlying rock, and their ability to de-water the slope 
during the growing season [2,5]. However, mature willows 
are vulnerable to branch breakage or toppling in wet or 
windy conditions, can damage farm infrastructure (e.g. 
blocking sheep tracks and roadways, breaking fences) and 
are costly to clean up and reduce pasture production. For 
this reason, crown management by pollarding, i.e. remov-
ing the branches at a height of ~2 m at regular intervals, 
is promoted to farmers as a source of drought fodder and 
for size reduction [6]. Crown management also results in 
root management, with a reduction in the crown leading 
to a consequent reduction in the root system [7]. While 
this may be advantageous in an agroforestry system, in a 
silvopastoral system where the primary role of the trees is 
soil stabilisation any reduction in the root system can be 
considered disadvantageous. In addition to mitigating ad-
verse crown effects, pollarding can provide valuable highly 
palatable and more readily accessible stock fodder in late 
summer and autumn when feed supplies are low, particu-
larly in drought-prone regions [8,9].

The projected climate scenarios for New Zealand 
are for increased frequency of droughts and se-
vere rainstorms (http://www.niwa.co.nz/our-sci-
ence/climate/information-and-resources/clivar/
scenarios)

Drought frequency has implications for fodder avail-
ability, particularly in regions currently prone to season-
al drought. While willow and poplar trees planted for 
soil conservation are being increasingly utilised as fodder 
sources in drought, management of severe storm risk on 
pastoral hill land relies on the presence and efficacy of the 
root systems of poplar and willow soil conservation trees 
to hold soil against the likelihood of slippage [4].

The impact of pollarding on the soil stabilization 
role of tree willows is not known

It is the root network of these trees that is considered 
to bind soil particles after the manner of reinforcing steel 
in concrete [10] resisting the downward movement of soil 
under the effects of gravity and saturation by water. Coarse 
roots extending laterally from the tree trunk provide the 
structural root network and from them other coarse and 
fine roots extend outwards and downwards to add stability 
both laterally and vertically, particularly where the bedrock 
is penetrated [5]. Various studies have found that fine roots 
(roots less than 2 mm in diameter) account for around 80-
90% of the total root length of tree roots [11-14]. Conse-

http://www.niwa.co.nz/our-science/climate/information-and-resources/clivar/scenarios
http://www.niwa.co.nz/our-science/climate/information-and-resources/clivar/scenarios
http://www.niwa.co.nz/our-science/climate/information-and-resources/clivar/scenarios
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re-pollarding. Subsequent samples were collected every 3 
months (Days 140, 222, 320 and 416; coinciding with the 
end of each season) from the same three UP and IP trees 
together with three RP trees, with the sampling positions 
moved forward around the trunk by 20° at each new sam-
ple date. Where large structural roots (i.e. with diameters 
> 20 mm) were present, the sample position was adjusted 
to avoid including them in the sample and causing unnec-
essary damage to the root, tree and equipment. The final 
samples were taken on 10 February 2010 (Day 416).

Laboratory root analyses
In the laboratory, live willow roots were washed and sort-

ed into diameter classes: < 1 mm, 1 < 2 mm, 2 < 5 mm, 5 < 
10 mm and ≥ 10 mm using a digital calliper. Roots not con-
nected to larger willow roots were identified as either willow 
or non-willow based on their similarity in colour and tensile 
strength with known willow roots of similar size. Non-willow 
and dead willow roots were discarded. Dead willow roots 
were identified as black or dark brown in colour and with re-
duced tensile strength. The diameter classes < 1 mm and 1 
< 2 mm are treated as fine (f) roots in the analyses and the 
larger diameter classes as coarse (c) roots. Root lengths for 
each group were measured with a ruler and recorded. The 
roots were oven-dried at 70 °C for 48 hours, and dry weights 
were recorded.

that any trend would be more apparent where the capture 
of roots would be greater. The 2 m samples were taken 
at 0° (due North), 120° and 240°, and the 3 m sample at 
just 240°. North direction was directly up the slope. An-
gles between 90° and 270° were down slope of the tree 
trunk and angles between 270° and 90° were upslope. At 
each sample location and at each depth, a 5 mm thick PVC 
culvert pipe with internal dimensions 190 mm diameter 
by 150 mm depth and with a bevelled lower lip for eas-
ier penetration was inserted into the soil and the intact 
soil core removed. The soil core was broken up and passed 
through a sieve and the live willow roots extracted and 
stored in a labelled plastic bag. Willow roots were gold-
en yellow to dark brown in colour. The finest willow roots 
were white and generally extracted still connected to larg-
er roots. Roots of grasses and other herbaceous species 
were mostly white and part of the whole plant, and were 
not collected. Where white root origin was uncertain (i.e. 
grass or willow), the root was included in the sample for 
identification in the laboratory. Sieved soil was replaced 
at the depth it was removed, although not repacked to the 
same bulk density. A sieved soil sample from each core 
was stored in a sealed plastic bag and dried the following 
day at 105 °C for measurement of soil moisture content. 
Initial root sampling of three UP and three IP trees was 
done in February 2009 (Day 49, late summer) just prior to 

Table 1: Mean diameter at breast height (DBH) of the willow trees from which root samples were taken.

DBH cm Mean annual DBH increase in cm

Treatment Day 1 Day 416

Unpollarded (UP) 40.6 ± 5.5 42.8 ± 5.3 2.2 ± 0.5

Pollarded once (IP) 36.3 ± 3.3 37.4 ± 3.8 1.4 ± 0.6

Repeat pollarded (RP) 37.4 ± 5.0 38.1 ± 5.1 0.7 ± 0.4

         

Figure 1: Mean gravimetric water content (g/g) measured at different soil depths (mm) and at 2 m from the willow tree trunk for IP 
treatment (N = 9) taken at 3-monthly intervals over the 13 month sampling period.
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diate (88% of RP). The soil water differences were likely 
contributed by higher transpiration rates, and interception 
of rainfall due to greater leaf area and canopy size, of UP 
trees compared with IP and RP trees.

Root dynamics
Root depth distribution in the unpollarded trees: Data 

collected on Day 49 and Day 416 are used to describe root 
development in the unpollarded trees (UP) during the 
12-month period of the study. Root presence decreased 
with soil depth (Table 2). Mean root length density (RLD, 
mm-3) at 0-150 mm, 150-300 mm, 300-450 mm and 450-
600 mm depths was 1979, 1418, 648 and 725; 41%, 30%, 
14% and 15% respectively, of the total RLD in the soil col-
umn 0-600 mm on Day 49. On Day 416 mean RLD in mm-3 
at the same depths was 4624 (67%), 1102 (16%), 615 (9%) 
and 519 (8%), respectively. Fine roots (< 2 mm diameter) 
accounted for 92% of root length on both Day 49 and Day 
416. Low soil moisture during the previous 3 months (data 
not presented) was considered to have contributed to low-
er fine RLD (fRLD) in the top 150 mm of soil on Day 49 
compared with Day 416.

RLD decreased as the root diameter class increased for 
all treatments. For example, in UP trees mean RLD in mm-3 
(over the soil depth 0-600 mm) for the root diameter class-
es (in mm) 0 < 1, 1 < 2, 2 < 5, 5 < 10 and ≥ 10 was 1047, 124, 
77, 15 and 4 respectively on Day 49, and on Day 416 was 
1232, 356, 94, 23 and 10 mm-3 respectively (for RP trees 
on Day 416 these respective values for the root diameter 
classes (in mm) 0 < 1, 1 < 2, 2 < 5, 5 < 10 and ≥ 10, were 657, 
219, 79, 13 and 9 mm-3).

Vertical distribution of RMD was similar to that for the 
RLD. Large diameter roots were found throughout the soil 
profile, but most roots of all diameter classes were within 
the 0-300 mm depth. Mean RMD within the 0-150 mm depth 
reduced by more than half from 2 m to 3 m, but the RMD 

Calculations
From the root length and dry weight data and using a 

core volume of 0.00425 m3 (calculated from the core di-
mensions given above), root length density (RLD in mm-3) 
and root mass density (RMD in kgm-3) for each root diam-
eter class in each core were calculated [16]. For analyses, 
means were separated by treatment, position, soil depth 
and time. Mean RLD and RMD were higher at 2 m from the 
tree than at 3 m, but not significantly so. However, differ-
ences with position were not usually significant because of 
the degree of variability of root presence around the trunk. 
In subsequent analyses we worked with mean RLDs and 
RMDs without separation for distance, and for easier com-
parison have elected to report % mean RLD and % RMD in 
the tables. Analysis of Variance (ANOVA) was performed 
on all root data in GenStat (14th edition) with a significance 
level of P < 0.05.

Results

Tree size
There was some unavoidable variation in the DBH of the 

trees used in the study (Table 1). Mean annual DBH increase 
of the RP trees (0.7 ± 0.4 cm) was significantly lower (P < 0.05) 
than that of the UP trees (2.2 ± 0.5 cm) (Table 1).

Soil water content
The study area experienced a very dry period in the 

four months prior to initiating the study, and this continued 
through day 140 (Figure 1). Soil moisture in the second sum-
mer was much higher. Soil water decreased with depth and to 
a greater extent during periods of low rainfall.

Soil water content (0-600 mm) differed among the 
three treatments as the growing season progressed (from 
Day 223 to Day 412), being highest for the RP trees and 
lowest for the UP trees (84% of RP), with IP trees interme-

Table 2: Mean root length density (RLD) in mm-3 for unpollarded (UP), pollarded once (IP) and repollarded (RP) willow treatments one year 
after repollarding, separated by root diameter class and soil depth and over the depth 0-600 mm with no separation for distance from the 
trunk, expressed as a % RLD of the UP treatment. Data collected on Day 416. 

Treatment Depth (mm)

Root Diameter class (mm)

< 1 1 < 2 2 < 5 5 < 10 ≥ 10 All

Root Length Density as a % of the unpollarded treatment

IP 0-150 102 90 72 102 169 99

150-300 129 73 92 222 141 112

300-450 102 73 186 (*) 62 37 96

450-600 94 61 111 119 158 84

0-600 106 81 88 109 118 100

RP 0-150 37* 56 72 68 97 42*

150-300 101 66 99 77 228 91

300-450 84 84 103 38 49 83

450-600 92 57 114 0 89 80

0-600 53* 62 83 59 93 57*

Significant (P < 0.05) differences from the UP value marked with an asterisk; near-significant differences marked with a (*).
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Figure 2: Annual mean changes in fine root length density (fRLD) in mm-3 for the unpollarded (top), once pollarded (middle) and repeat 
pollarded (bottom) willow trees (includes samples from 2 m and 3 m; N = 12 for each treatment and sample time). Within a graph, 
points on the 150 mm series with a common letter are not significantly different based on least significant difference.
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after pollarding: Pollarding led to an immediate reduction 
in RLD and RMD. Root parameters of the RP and IP trees 
were treated as the same on Day 49. From Day 49 to Day 
140, RP RLD declined by 48%, whereas IP RLD declined by 
4%. On Day 140, coarse root length density (cRLD) of RP 
trees was 74% of cRLD of IP trees, whereas fRLD of RP trees 
was only 52% of fRLD of IP trees. In the top 300 mm of soil 
90 days after repollarding, fRLD of RP trees had reduced 
from 71% to 63% of total RLD. For IP trees on Day 140, fRLD 

from the 150-600 mm depth varied little between the two 
distances.

Seasonal changes in tree willow root system under the 
three treatments: Fine RLD (Figure 2) declined from Day 49 
to a low point on Day 140 (end of autumn), increased through 
the winter to Day 222, with a decline in spring to Day 320 fol-
lowed by a steep increase through the summer.

Response of the tree willow root system immediately 

         

Figure 3: Total mean willow root length density varying with soil depth for the three treatments 1 year after repollarding (Day 
416 data; N = 12 for each treatment) (unpollarded (UP); pollarded once (IP); repollarded (RP)).

Table 3: Mean root mass density (RMD, kg m-3) for the two willow treatments (pollarded once (IP) and repollarded (RP)) 1 year following 
repollarding for the different depths and diameter classes, separated by root diameter class and soil depth, and expressed as a % of the 
unpollarded treatment. 

Treatment Depth mm

Root diameter class mm

< 1 1 < 2 2 < 5 5 < 10 > 10 All

Root Mass Density as a % of the unpollarded treatment

IP

0-150 90 93 65* 95 134 105

150-300 138 107 185 288 (*) 166 181

300-450 132 (*) 83 128 75 28 45

450-600 91 89 28 116 234 157

0-600 99 94 82 107 114 105

RP

0-150 33* 63 (*) 65* 47 184 105

150-300 73 93 105 61 612 (*) 216

300-450 69 (*) 81 114 27 106 98

450-600 66 67 54 0 13 19

0-600 42* 70 73 40 161 103

Significant (P < 0.05) differences from the UP value marked with an asterisk; near-significant differences marked with a (*).
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are both morphologically and physiologically responsive to 
changes in water and nutrient availability [19]. Of the roots in 
diameter class < 1 mm many were also brown in colour and 
lignified, with the diameters being smaller possibly a conse-
quence of pollarding though this could not be determined. 
Pollarding was reported to depress short term fine root pro-
duction and growth reduce the glucose concentrations and 
increase the proportion of dead roots in Acacia saligna and 
Amorpha fruticosa [17,20], possibly because of resources be-
ing redirected to produce new shoots and leaves.

Little information has been published on fine root 
growth responses to tree pollarding, though studies of 
coppiced tree species contribute useful insights. Fine 
roots contribute little to root mass, so changes in fine root 
mass are not easily recognised unless they are analysed 
separately from coarse roots. Coppiced beech stands had 
lower fine-root production and turnover than stands con-
verted from coppice to high forest [21], as found in this 
study of pollarded willow. Both fine-root production and 
turnover rate of beech were sensitive to management 
practices. Pollarding crape myrtle (Lagerstroemia indica) 
altered flowering times and increased height growth [22]. 
New root production was lower for heavily pruned than 
for lightly pruned walnut trees, with differences being less 
pronounced in the following season [23]. For Erythrina 
poeppigiana the effect of pruning all branches, compared 
with retaining one branch, on mean fine root length was a 
reduction of 40% for 2-year-old-trees, and 49% for 8-year-
old-trees [24]. Likewise, root pruning suppressed above 
ground growth in potted plants of the warm temperate co-
nifer Cunninghamia lanceolate particularly under soil wa-
ter stress [25]. Salix matsudana willows responded quick-
ly to root pruning by growing below the depth of pruning 
[26] suggesting that they readily adapt to new situations 
that affect growth. Shoot pruning and mulching recycle 
tree biomass and reduce the immobilization of nutrients 
in the trees. Pruning also reduces tree transpiration and 
thereby competition with pasture and crops for soil wa-
ter. However, drastic pruning, with removal of the entire 

accounted for 95% of RLD, whereas for RP trees fRLD was 
only 80% of total RLD, showing that the greater reduction 
of RLD was in fine roots. However, RP cRLD was 74% of 
IP cRLD 90 days following pollarding, with recruitment to 
root diameter classes 2 < 5 mm and 5 < 10 mm being lower 
(Table 3). One year following pollarding, the differences in 
RLD continued to be most apparent in the top 300 mm of 
soil (Tables 2 and Table 3).

Response of the tree willow root system one year after 
pollarding: One year following pollarding, mean RP treat-
ment RLD for soil depth 0-600 mm was significantly lower 
(57%; P < 0.01) than that of UP and IP treatments (Table 2, 
Figure 3). RP fRLD was significantly lower at 0-150 mm and 
150-300 mm soil depths (P < 0.05) than fRLD in IP and UP 
treatments (Table 3 and Table 4) but not at depths below 
300 mm.

Differences in IP and UP RLD were small, suggesting that 
4 years after pollarding there was no remaining significant 
reduction of RLD within 3 m of the trunk. The greatest reduc-
tion of RLD in RP was in the fine roots, which represent the 
majority of RLD.

Response of the tree willow root system 3 years after 
pollarding: Mean RMD and RLD were lower, although not 
significantly, for the trees that had been pollarded 3 years 
previously (IP) than for the unpollarded trees (Tables 3 and 
Table 4). The greatest mean reduction was for fine roots with 
diameter < 1 mm. There was considerable variability in root 
distribution around the trees.

Discussion
Typically fine roots are defined as those roots < 2 mm in 

diameter [17,18]. Fine root size classes include many roots 
which have relatively long life expectancies: Roots that serve 
primarily transport and storage functions [12]. In this study 
fine roots of diameter 1 < 2 mm were usually brown in colour 
and lignified and were considered to be non-absorbing and 
long-lived. However, there were roots in this diameter class 
that were white in colour, i.e. newly formed roots. Fine roots 

Table 4: Repollarded (RP) and pollarded once (IP) root length density (RLD, mm-3) and root mass density (RMD, kg m-3) as measured on Day 
49 (i.e, 49 days after RP trees were repollarded). 

Root Length Density mm-3

Treatment Fine roots Total fine roots Coarse roots Total all roots

< 1 mm 1 < 2 mm < 2 mm 2 < 10 mm < 1 to > 10 mm

UP 1047 124 1171 92 1268

IP 781 104 885 79 975

IP/UP 0.75 0.79 0.76 0.97 0.77

Root Mass Density gm-3

Treatment Fine roots Total fine roots Coarse roots Total all roots

< 1 mm 1 < 2 mm < 2 mm 2 < 10 mm < 1 to > 10 mm

UP 174 85 259 489 956

IP 108 79 187 409 1754

IP/UP 0.62 0.89 0.70 2.61 2.02

Significant (P < 0.05) differences from the UP value are marked with an asterisk.
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eter in the range 32-45 cm. It is expected that the effect of 
pollarding on trees with a smaller trunk diameter would be 
more severe, since coarse root development is not well ad-
vance in juvenile stages, the nutrient resources available for 
recovery of RLD and RMD are much less and the root network 
will likely not be as uniformly distributed at a younger age 
[6,13,29,33-35]. Further studies are required to determine 
for smaller trees the rate of root recovery following pollard-
ing and to provide advice to landowners on when to initiate 
pollarding as a management option. The development of a 
tool that relates above-ground recovery following pollarding 
to root recovery would also be useful in assisting decision 
making on pollarding frequency.

Conclusions
Pollarding of mature willow trees leads to a significant re-

duction in fine root length density compared with unpollard-
ed trees, notably in the upper 300 mm soil depth. Recovery of 
fine roots to a density comparable with unpollarded trees is 
considered to take 3-4 years. Where willows are also planted 
for soil stabilisation and erosion control pollarding reduces 
soil binding and dewatering of the slope. Consequently we 
recommend that pollarding not be repeated at intervals less 
than 3-4 years, and then not for all trees on the slope simul-
taneously.
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