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Introduction
Vulnerability to soil erosion of pastoral hill country in New 

Zealand increased dramatically following the replacement 
of forest by pasture in the late 19th and early 20th [1,2]. Soil 
erosion, represented principally by shallow mass movement 
erosion processes directly impacts pasture productivity through 
losses of productive soil and water holding capacity [1,3]. 

Populus (poplar) and Salix (willow) trees wide-space 
planted (10 to 15 m apart) in pastoral hill country of New 
Zealand have proved the most effective tool against erosion, 
reducing incidence and extent of shallow landslides after 
erosion-inducing storms by 70% to 95% [4,5]. Populus and 
Salix spp can be easily established from large unrooted poles 
with minimum protection (plastic sleeves) under stock grazing 
presence, they are fast growing, and they have extensive root 
systems. However, almost all poplars planted in pastoral hill 
country for slope stabilization have received negligible or no 
above-ground management [6,7]. Due to lack of management, 
many poplars have grown very large, resulting in excessive 
shading of understorey pasture. Large poplars are also prone 
to breakage of branches and toppling during strong winds, 
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Aim: The effectiveness of wide-spaced-planted poplar trees (Populus spp.) for reducing shallow landslide occurrence 
relies mainly on the extensive root development of individual trees and root interlocking between neighbouring trees. 
This study aimed to determine the impact of pollarding at the end of the growing season on the fine root structure of 
poplar trees aged 11 years. 

Methods: One group of three trees were pollarded (P) in early autumn 2012, and were compared with another group 
of three unpollarded (UP) trees. Changes in root dynamics after pollarding were determined by the soil core method at 
different times during one year. 

Results: Fine root length and mass density was 60 to 80% lower in P than UP trees particularly during late spring 2012 and 
early autumn 2013, but only at 0-150 mm soil depth. One year after pollarding, fine root density of P trees was similar to 
pre-pollarding values. 

Conclusions: Pollarding has its major impact in fine roots located in shallow soil, during the peak and the last stage of the 
growing season one year after pollarding. 
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particularly where the soil water content is high, which are 
liabilities to farm infrastructure and livestock [8]. 

Managing poplars for tree size can be achieved by pruning 
or pollarding (complete removal of tree crown) [6,7]. In 
order to reduce the likelihood of unwanted epicormic shoot 
regrowth [9], insect attack or fungal wound infections, 
pruning and pollarding are recommended to be conducted 
late in the growing season from February to March (autumn) 
when soil water contents are often low compared with other 
times of the year [10]. 

http://crossmark.crossref.org/dialog/?doi=10.36959/742/243&domain=pdf


Citation: Maldonado M, Kemp P, McIvor I, et al. (2022) Fine Root Response of Poplar Trees Pollarded at the End of the Growing Season. Adv 
Environ Stud 6(1):467-473

Maldonado M, et al. Adv Environ Stud 2022, 6(1):467-473 Open Access |  Page 468 |

In 2001 2.5m long poplar (Populus spp) poles of different 
clones were randomly planted for a tree density of 33 stems 
per hectare. Distance between trees involved in this study 
ranged from 10 to 30 m apart from each other.

Rainfall and mean temperatures during the study are 
shown in (Figure 2). Rainfall in the 2011-2012 growing season 
(September-February) exceeded the long-term (1981-2010) 
average whereas in the 2012-2013 growing-season, rainfall 
was about 45% less than the long-term average [21].

Trees and experimental design
The diversity in clones and micro-environmental variation 

at the study site precluded using all available trees in the 
study (Figure 1). Avoiding trees on excessively wet or sloping 
land and the desire to minimise the range of clones involved 
in the study resulted in the selection of six trees, which 
were randomly allocated to two groups, pollarded (P) and 
unpollarded (UP). Each group had a representative tree 
of the three clones ‘Kawa’ (K) (Populus deltoides Marsh. × 
yunnanensis Dode); ‘Shinsei’ (S) (P. nigra L. × maximowiczii 
Henry.) and ‘Weraiti’ (W) (P. deltoides Marsh. × nigra L.) 
(Figure 1). Immediately before pollarding, the six trees were 
measured for diameter at breast height (1.40 m; DBH) using 
a diametric tape and height using a clinometer. Trees in the 
P group were pollarded to 1.8 m above the ground in early 
autumn 2012 (March 25th) when they were still foliated. 
The total woody (non-leafy) dry biomass of P trees above 
pollarding height was measured (Table 1).Trees in the UP 
group remained unpollarded, as a control to compare the 
changes in the root system following pollarding. Initial 
differences in height and DBH between the two groups of 
trees were not significant (Table 1). 

One year after study commencement DBH and height 
were measured again (Table 1). Resprouting activity in P trees 
was measured one year after pollarding by recording number 
and total basal diameter of shoots > 2 mm basal diameter. 
The length of the longest shoot was also estimated one year 
after pollarding (Table 1).

Root density dynamics after pollarding
To determine the root dynamics following pollarding, 

roots were recovered by the soil core sampling technique, 
using a steel corer (8 cm internal diameter) [22,23]. In order to 

Despite the benefits derived from managing tree size 
(timber, fodder, increase in light transmission to understorey 
pasture), canopy removal can cause intense changes in the 
tree photosynthate source-sink balance [11,12]. This balance 
might be particularly challenged when canopy removal 
occurs at the end of the growing season when carbohydrate 
energy reserves in the stem and roots are at their minimum 
[11,13,14]. Depending on the magnitude of the imbalance 
between source and sink photosynthates, structures 
remaining after pollarding, particularly the most labile such 
as fine roots, might die [15,16]. The contribution of fine roots 
to slope stabilization is substantial because they can comprise 
more than 90% of the total root length of poplar trees [17,18]. 
In this study the objective was to determine the immediate 
and short-term impact of pollarding in autumn on the fine 
root structure of mature poplar trees.

Materials and Methods
Site description

The study was located at the Massey University Equestrian 
Facility, which is near the Turitea Stream in Palmerston North 
in New Zealand (40.4°S, 175.6°E) (Figure 1). The site comprised 
flat terrain at the edge of a small valley bordered by slopes of 
25° and 35° at the southern and western sides, respectively. At 
the bottom of the slopes there was a swampy zone between 2 
and 3 m wide that provided moisture to the surrounding area. 
Parts of the study paddock were rush-infested (Juncus spp.), 
with water ponding a recurrent phenomenon after periods of 
heavy or prolonged rainfall. The soil is a Manawatu fine sandy 
loam, classified as a weathered fluvial recent soil [19], which 
corresponds to a Stagnic Fluvisol characteristics [20].
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Figure 1: Layout of the study, including orientation and 
surrounding topography. Treatments and clones are highlighted 
in yellow: UP unpollarded, P pollarded, K (‘Kawa’), S (‘Shinsei’), T 
(‘Toa’), Ta (‘Tasman’), W (‘Weraiti’).
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Figure 2: Rainfall and mean air temperature during the study 
compared with mean long-term (1981-2010) records.
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determine the most appropriate coring depth, trenches were 
excavated in March 2012 to observe root distribution. Around 
two trees at the site (‘Shinsei’ and ‘Weraiti’), additional to the 
experimental P and UP trees, three trenches (1.5 m length × 
1.0 m depth × 1.2 m width) perpendicular to transects 120o 
apart from each other were dug at 2 m from the trunk. Roots 
protruding from the smoothed wall of each trench were 
counted over a 90 cm × 90 cm mesh steel frame with 15 cm × 
15 cm squares. We found 97% and 98% of lateral and oblique 
roots were within 0 to 450 mm soil depth for the ‘Weraiti’ and 
‘Shinsei’ clones, respectively, with more than 90% of the total 
roots being fine roots. Hence roots were sampled from soil 
cores collected in 150 mm increments down to 450 mm soil 
depth. Radial coring position from the tree trunk was based 
on the results of poplar root system excavations conducted by 
McIvor et al. (2008).  They found that roots 2-5 mm diameter 
comprised 14.1, 4.9, 11.2, 14.6, 20.7, 19.6 and 15.0% of the 
total length at distances from the trunk of 0-0.5, 0.5-1, 1-2, 
2-4, 4-6, 6-8 and 8+ m respectively. Assuming most of fine 
roots branch from 2-5 mm diameter roots and to reduce the 
likelihood of encountering large roots ( > 20 mm diameter), 
and the intermeshing of roots from neighbouring trees, soil 
cores were taken at 2 m from the tree stem.  Soil cores were 
collected in early autumn 2012 (March 23rd) (2 days before 
pollarding), late autumn (May 15th), late winter (August 27th), 
late spring (November 19th) and in early autumn 2013 (March 
4th). At each sampling, to account for potential variability in 
root distribution around the tree, three sampling positions 
were located 120o apart from each other around the tree 
trunk. At the initial sampling, coring positions were located at 
0, 120 and 240°, subsequent samplings were conducted 20o 

clockwise from the previous coring positions.

Soil cores were washed under a jet water tap and live 
roots were recovered using a 1 mm sieve.  Live roots were 
distinguished from dead roots by colour, turgidity and tissue 
integrity using a dual illuminated (top and light box) desk 
stand 8× magnifier (Otzuka SKK-CL™).  Blackness and loss 
of cortex turgidity or complete cortex and/or stele absence 
were used as criteria to classify and discard roots as dead. 
After recovery, the roots were preserved in 70% ethanol in 
plastic tubes until measured for length and mass.

For length measurement, roots were sorted into coarse 
roots (> 2 mm), small fine roots (sfr) (>1≤2mm) and very 
fine roots (vfR) ( ≤ 1 mm). This study focuses only on roots 
≤ 2 mm diameter. Root diameter classification and length 
measurement were simultaneously conducted by using an 
optical scanner and Win RHIZO software  [24]. The scanned 
roots were then oven dried at 75°C to constant weight and 
weighed for root mass estimation.

Statistical analysis
At each sampling, root density data for the three 

sampling positions around individual trees were averaged 
and expressed as per m3 of soil. All data were analysed as a 
repeated measures design with trees as subjects. The MIXED 
procedure of the SAS software 9.4 [25], was used with an 
autoregressive correlation structure to take account of the 
repeated measures. For root density dynamics, treatments (UP 
and P), sampling time and their interactions were considered 
in the model as fixed effects and separate analyses were run 
for each depth (0-150 mm, 150-300 mm and 300-450 mm) 
and for three different root diameter categories: overall fine 
roots (fR ≤2 mm), small fine roots (sfR 1-2 mm) and very fine 
roots (vfR ≤ 1 mm).A Shapiro-Wilk test was used to test for 
normal distribution of the data. Log natural transformation 
of data was only required for the length density of fine roots 
located at the 0-150 mm soil depth.

Results
Above ground tree responses

Initial DBH and height were not significantly different 
between treatments (Table 1). One year after pollarding, P 
trees had an 85% lower increase in DBH and a 3-fold greater 
increase in height growth than UP trees (Table 1). Unpollarded 
trees showed a DBH increment of 3.9 cm whereas P trees 
had a much reduced increment of 0.6 cm. The tallest tree at 
pollarding (‘Weraiti’) had the lowest height growth increment 
one year after pollarding, whereas the shortest tree (‘Shinsei’) 
at the same time had, along with the ‘Kawa’ tree, the greatest 
increments in height growth (Table 1).There was considerable 
variation between pollarded trees in their shoot regrowth 

Treatment Tree clones

Initial
One year after pollarding
Increment Resprouting 

DBH
(cm)

Height
(m)

Biomass 
above 
pollarding 
height
(kg DM/
tree)

DBH
(cm)

Height
(m)

Number of 
shoots

Shoots >2 
mm basal 
diameter
(% of all 
shoots)

Total basal 
diameter 
(mm) (of 
shoots >2 
mm basal 
diameter)

Longest 
shoot (m)

UP

Kawa 33.5 17.5 4.9 0.8
Shinsei 35.2 15.2 2.9 1.5
Weraiti 34.6 18.1 4.1 0.6
mean 34.4±0.5a 16.9 ±0.8a --- 3.9±0.6a 0.9±0.3a --- --- --- ---

P

Kawa 32.2 18.3 301 0.4 3.2 64 25 460 3.2
Shinsei 37.5 14.8 143 1.5 3.2 44 52 656 3.2
Weraiti 25.7 21.1 331 0.0 1.9 33 9 64 1.9
mean 31.8 ±3.4a 18.1±1.8a 258±58 0.6±0.5b 2.8±0.4b 47±9.07 28.6±12.5 393±174 2.8±0.43

Table 1: Tree parameters (mean ± s.e.) at the beginning of the study and after one year for unpollarded (UP) and pollarded (P) trees.
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characteristics, with ‘Weraiti’ having the least resprouting 
with respect to all attributes (Table 1).

Fine root length and mass density dynamics of 
poplar trees after pollarding

Responses to pollarding were found only at 0-150 mm 
soil depth with fRLD and vfRLD varying between UP and P 
trees within particular sampling times and within treatments 
between sampling times (P<0.05). (Figures 3A) Below 150 
mm soil depth, major differences in fRLD of P trees were 
not detected between sampling times and there were no 
significant differences in fRLD between P and UP treatments 
(Figures 3A-C).

Immediately after pollarding from early autumn to late 
autumn, at the 0-150 mm soil depth, both UP and P trees 
showed increases in fine root length and mass densities by 
more than 2-fold  (P < 0.01) (Figure 4). Within this period of 
time and extending to late winter fRLD and vfRLD did not vary 
significantly between P and UP trees, but by late spring, fRLD 
and vfRLD for the P trees were about 80% less than for UP 
trees (P<0.05; Figure 3A). By early autumn 2013, fRLD of UP 
trees had decreased since spring, resulting in similar densities 
in the UP and P treatments (Figure 3A).

The seasonal patterns for fRMD of P tree sat 0-150 mm 
soil depth followed those for fRLD (Figures 3A, D). However, 

in contrast to vfRLD, significant differences in vfRMD between 
P and UP treatments were detected sooner in late autumn 
2012, two months after pollarding (Figures 3A, D). There after, 
fRMD and vfRMD did not vary between treatments until late 
spring 2012 and early autumn 2013 (Figure 3D). In late spring 
fRMD and vfRMD of P trees averaged about 75% less than for 
UP trees (P < 0.05; Figure 3D), and this pattern was also found 
in the following autumn but the relative difference between 
the treatments had reduced from 75% less to 50% less (P < 
0.05; Figure 3D).

From 150 mm to 450 mm soil depth, fRMD did not vary 
significantly between the P and UP treatments at any of the 
sampling times (Figures 3E, F).

One year after pollarding, at 0-150 mm soil depth, fRLD 
and fRMD of P trees were similar to values recorded before 
the trees were pollarded (Figure 4). In contrast, in March 
2013 (early autumn), fRLD and fRMD of UP trees were about 
2-and 2.4-fold greater (P < 0.05) than in March of the previous 
year, respectively (Figure 4).

Discussion
Fine root density dynamics of poplar trees after 
pollarding

After conducting high intensity tree above-ground removal 
practices such as coppicing or as in this case, pollarding, the 
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appearance and early growth of new photosynthetic tissue 
completely relies on resources stored in the tree remnant 
structures [11,13]. 

Reductions in fine root densities are frequently reported 
following complete tree canopy removal. An immediate 
reduction in fine root length and mass densities following 
late summer pollarding or coppicing was reported for tree 
willow  [26], poplar [27] and Quercus  [28] with very fine roots 
(<1 mm diameter) experiencing the greatest decline, which 
was still apparent to 300 mm soil depth one year following 
treatment  [27,28]. Jones et al. [29] reported that the main 
changes in fRLD of Prosopis juliflora and Acacia nilotica 
following pruning, occurred in the top 400 mm of soil 60 
days after trees were pruned with Prosopis juliflora showing 
a reduction of 45% in fine root length density. In this study 
impact of pollarding was also only observed in the thinnest 
fine roots (<1 mm diameter) and at a shallow soil above 150 
mm depth.

Seasonal root dynamics observed in the pollarded poplar 
trees in the current study showed that impact of pollarding 
is not uniform throughout the year but it diminishes during 

late winter and enhances during the growing season in late 
spring. Spring-summer is a high demand resources season 
and available photosyntates must be likely channeled to 
restore tree above-ground structure in pollarded trees rather 
than to support their root appearance and extension. 

Root tensile strength measured as force per root cross-
sectional area is greater in fine than in coarse roots (>2 mm 
diameter), and therefore in soil shear planes perpendicular to 
the soil surface, more fine roots can withstand greater tension 
stresses than a few coarse roots  [30]. Large contribution of 
fine roots to the total tree root length system estimated to 
be around 80 to 90% imposes a significant importance to 
this type of roots in the root soil binding and the control of 
shallow soil mass movements [17]. 

Out of the four sampling periods conducted at the 
current study after pollarding, fine root mass was affected 
in three of those, whereas fine root length once. When 
significant differences were found, fine and very fine root 
densities of P trees were about 40 to 20% that recorded in 
UP trees, particularly in late spring, when both root length 
and mass density were simultaneously compromised by 
pollarding. Spring in New Zealand is also one of the seasons 
with the greatest rainfalls during the year [31]. Additional 
to mechanical reinforcement, presence of high fine root 
densities across the slope contributes also to sustain the tree 
transpiration process working and maintain soil pores water 
pressure within margins that reduce the risk of shallow mass 
movements [32,33].

Practical implications on the size management 
study of poplar trees used for soil conservation 
purposes on hill pastoral land in New Zealand.

Impact of pollarding in the root structure of trees wide-
space planted for soil erosion control on hill pastoral land 
in New Zealand, has recently started to be studied. Similar 
proportional reductions in fine root density as those reported 
in the current study were also observed by McIvor et al. [26] 
in pollarded willow trees. In their study, McIvor et al. [26] 
reported that one year after pollarding in late summer for 
fodder purposes, pollarded trees had around 50% and 60% 
less very fine root length and mass density respectively than 
unpollarded trees, and that similar densities to unpollarded 
trees were not recovered until 3 to 4 years after pollarding.

Impact on the coarse root structure (roots > 2 mm 
diameter)of Populus × euramericana ‘Veronese’ trees was 
still observed 8 years following pollarding when root length 
and mass structure of pollarded trees was 32% and 68% less, 
respectively, than that recorded in similar aged non-pollarded 
trees [34].

When establishing trees on hilly pastoral land for soil 
erosion control purposes, the main aim is they grow and 
develop a root structure that interlocks with neighboring 
trees creating a soil protective root network, like the steel 
mesh in the concrete. Under the environmental and soil 
conditions of a hill country site in New Zealand, McIvor et 
al. [18] estimated that in an ideal square pattern plantation 
where poplar poles are planted 10 m apart, it would take 

a α 

bc 

β 

b 

α 

c 

α 

b 

α 

0

5

10

15

20

25

30

35

UP P UP P UP P UP P UP P

EA LA LW LS EA

(ln)

m
 m

-3
 ×

 1
03 

Fine root length density 

a 
α 

b 
β 

b 

α 

b 

α 

b 

α 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

UP P UP P UP P UP P UP P

EA LA LW LS EA

2012 2013

kg
 m

-3
 

Fine root mass density 

Figure 4: Fine root density dynamics (roots ≤ 2 mm diameter) at 
the top soil (0-150 mm depth) of poplar trees unpollarded (UP) 
and pollarded (P) in early autumn 2012. Soil sample volume = 
754 cm3   EA early autumn; LA late autumn; LW late winter; LS 
late spring. Different Latin or Greek letters indicate significant 
differences (P<0.05) among sampling times within UP and P 
trees, respectively. Plus bars are one standard error. (ln) indicates 
natural logarithm back transformed data.
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around nine and a half years for the trees to start interlocking 
with neighboring trees. Older and bigger trees would provide 
greater root densities and seemingly higher slope stability. 
However, older and bigger trees would also come with a 
considerable cost in pasture production reduction, along with 
a variety of problems associated with oversized trees such as 
breakage of limbs, toppling of entire trees and subsequent 
damage on infrastructure or streams and roads blockage [35].

The latest raises the question about which individuals 
the impact of pollarding on the root structure should be 
compared to. Against unpollarded trees that eventually will 
reach undesirable sizes? or against the root densities of the 
very same trees observed at least the year before being 
pollarded, as long as they have reached the soil protective 
root network? Proposing the latter as the answer, it is 
suggested a better understanding can be drawn from the 
pollarding impact if subsequent studies monitor the trees' 
seasonal root densities the year previous to pollarding along 
with different time lapses after pollarding.

Field work with mature trees in natural or semi natural 
stands usually imposes methodological constraints that are 
not always easy to control. This study had limited clonal 
representation so the data should be treated with some 
caution. On the other hand, pasture-poplar stands on hilly 
land with a variety of clones’ presence, might be a strategy 
to take in to account when soil reinforcement is considered 
after tree canopy removal techniques are conducted. There 
is evidence showing that spatial response of the poplar trees 
fine root system after complete canopy removal, might be 
clonally driven [27]. Poplar clones showing differential impact 
in the vertical fine root structure might help to maintain 
reasonable fine root densities across the vertical soil 
structure from the top soil to deeper sections, which all 
together could contribute to maintain the soil integrity.

Conclusions
Within the first year following pollarding of the poplar 

trees there was a substantial reduction in their fine root length 
and mass. However, the impact was not uniform thorough 
the year after pollarding, but was particularly observed 
during the growing and heavy rainy season, which would 
compromise their ability to maintain the soil and counteract 
forces stressing the soil integrity. When pollarding is required 
at a particular pasture-poplar tree location, current technical 
recommendations advise that no more than a quarter or a 
third of the trees on the paddock are pollarded, and that 
the pollarded trees are distributed as much as possible 
across the slope. Results from this study align which such 
recommendations. It remains to be studied how long it would 
take for pollarded poplar trees to recover fine root densities 
similar to pre-pollarding levels.
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