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Abstract Biomass from forestry is one of the largest components of Sweden’s renewable 
resources. Poplars are currently the highest producing tree species available and are there-
fore natural choices for biomass-oriented production. Growing poplars has been of most 
interest on agricultural land, but the knowledge and experience about their cultivation is 
still limited. Factors that have a large impact on the regeneration results are plant material, 
competing vegetation, browsing and damage caused by voles or climatic factors. Due to 
large establishment costs, there is a need to find methods to secure the establishment both 
biologically and economically. In this study the effect of plastic mulch in combination with 
three different plant types (short cuttings, long cuttings and rooted plants) were tested at 
three different sites. Five years after planting, the overall effect of mulch was an improved 
plant survival and growth. In most cases, long cuttings outperformed short cuttings and 
rooted plants. Clonal differences were present, indicating the importance of using plant 
material adapted to site conditions. All sites were heavily affected by browsing and during 
the experimental period 100% of the plants were damaged at some point. Planting poplars 
without fencing is therefore doubtful. Results from this study conclude that poplars can be 
established with success on agricultural land if proper measures are used depending on the 
site to be planted.
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Introduction

The Nordic countries have announced the goal to develop carbon neutral energy systems 
by 2050, where woody biomass from the forest sector will be a major source of renew-
able energy and products in the future society (IEA 2013). There are large areas used for 
forestry in Sweden and other neighbour countries. Almost 58% of the land area is classified 
as productive forest land in Sweden (Swedish University of Agricultural Sciences 2017). 
During the last century, agricultural land has been converted to forest land in the country, 
but there are still large areas, 300,000–500,000 ha, of abandoned agricultural land that can 
be used for producing biomass (Larsson et al. 2009). Since the use of woody biomass is 
expected to increase, an important task is to achieve a sustainable production. Available 
possibilities were presented in a recent review (Rytter et al. 2016). One suggested option 
was to introduce and use new tree species. The area-based productivity could be enhanced 
significantly by changing to fast-growing tree species on forest land and for afforestation of 
abandoned agricultural land.

The tree species with the highest production under Nordic boreal conditions, seen so far, 
are found within the genus Populus. Poplars have been introduced in Sweden and shown 
production figures of 7–10 tonnes of stem dry matter  ha−1  year−1 on suitable sites (e.g. 
Karačić et al. 2003; Christersson 2010; Johansson and Karačić 2011; Tullus et al. 2013), 
and the selection of fast-growing and climatically adapted plant material (clones) of pop-
lars is proceeding (Stener and Westin 2017). Most poplar plantations are found on con-
verted agricultural land, where the success rate is higher compared to forest land (Engerup 
2011). However, problems at the establishment phase are still present. Expensive plants 
and the lack of safe establishment methods have been recognised as an obstacle for large 
scale introduction of fast-growing deciduous tree species (Hannerz and Bohlin 2012), so 
there is a need to continue to develop effective establishment procedures on this type of 
land.

Poplars need fertile and well-drained soils with continuous water supply to utilize their 
full growth capacity (Boysen and Strobl 1991; Stanturf et al. 2001; Rytter et al. 2011). The 
most suitable soils are deep (> 1 m to ground water) and have a medium texture. Soil acid-
ity is critical for unlimited growth. Studies have shown that pH levels below 5 often lead 
to reduced growth (e.g. Böhlenius et al. 2016; Hjelm and Rytter 2016). As a result of these 
demands, abandoned agricultural land, with a pH generally above 5, is often used for pop-
lar plantation.

Although often planted with good results, there are some upcoming situations, which 
may destroy cultivations on agricultural land. The presence of competing vegetation is one 
factor that negatively affects survival and growth (Albertsson et al. 2014; Löf et al. 2015). 
Weed control is therefore necessary and a failure to control weeds may also increase the 
risk for vole damage (DesRochers and Sigouin 2014), a serious threat to establishment suc-
cess. Species within the Populus genera are generally attractive for browsing by ungulates 
(Månsson et al. 2007; Bergqvist et al. 2014). This problem could be handled by fencing 
the plantation area at a substantial cost, by hunting wildlife or by planting large areas and 
thereby reducing browsing intensity (e.g. Bergqvist et al. 2014; Jönsson 2015).

In addition, information on what plant type that best combines a secure establishment 
with a good economy is still limited. For example: when using cuttings, large cuttings are 
more expensive than small ones, but it has been shown that increased length (Kaczmarek 
et al. 2014; Schuler and McCarthy 2015) and thickness of cuttings (Dickmann et al. 1980; 
Thomas et al. 2016) are positively related to plant development.
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The aim of this study was to test mulching as a weed control tool and combine this with 
different plant types, i.e. cuttings of different lengths and rooted plants, to find the best 
way to establish poplar on agricultural land. The experimental plots were established in 
larger commercial plantations to avoid high browsing pressure. Our hypotheses were (a) 
mulch will reduce the negative effect of weed competition, (b) when using mulch, smaller 
plant types, i.e. short cuttings, are comparable to larger plant material and (c) fencing is not 
needed to reduce browsing if large areas are planted.

Materials and methods

Study sites and preparation

The experiment was established on three agricultural fields in a west–east direction in 
southern Sweden (Table 1). The westernmost site was Haneström (58°07′N; 12°09′E; alti-
tude 50 m), where the field was treated with the herbicide glyphosate (Roundup, Monsanto 
Crop Sciences) in summer 2011. Thereafter, the field was ploughed down to a depth of 
30  cm in one pass followed by a harrow to even out the ground and then again treated 
with herbicides. Since the weeds had returned before planting in June 2012, the plots were 
harrowed once more. On the central site Åryd (56°51′N; 14°59′Ö; altitude 205 m) all soil 
preparation measures were performed in spring 2012. The field was first treated with her-
bicides, then ploughed and harrowed before planting in June. At Dal (58°09′N; 16°45′E; 
altitude 15 m), the eastern site, the area was treated with glyphosate in summer 2011 prior 
to ploughing. In the autumn, the field was again treated with the herbicide. In spring 2012 
the site was harrowed before planting in May.

Before soil preparation, two soil samples were collected in each block down to 20 cm 
depth. The samples were pooled block-wise, soil texture was estimated by rolling test and 
soil pH was analysed in distilled  H2O and 0.01 M  CaCl2 solution (Table 1).

Experimental design and plant material

Four blocks were placed embedded in commercial poplar plantings at each site. A block 
was divided into six plots where a combination of two mulch treatments (mulch and no 
mulch) and three seedling types were applied (Fig. 1). In the treatment with mulch, the soil 
got slightly elevated in rows by a tractor having a developed “potato plough” that applied 
brown herbistatic polyethylene mulch (thickness 45  µm, width 90  cm, hereafter called 
mulch) in complete strings on three of the six plots. Approximately half of the mulch was 
covered by soil when it was applied with the plough. On the other three plots bare soil was 
left after ploughing (no mulch). On each mulch treatment plot (mulch or no mulch), one 
of three plant types were planted: (1) short poplar cuttings (18 cm), (2) long poplar cut-
tings (50 cm) and (3) containerized plants from rooted poplar cuttings (mean height 44 cm, 
hereafter called plants). Each plant type consisted of twelve commercially available clones 
(Table 2), that were randomly planted within eight rows (in total 96 plants per plot). For the 
rooted plants, the mean plant height among the clones varied from 27 to 55 cm. In total, 3 
sites × 4 blocks × 2 mulch treatments × 3 plant types × 96 plants = 6912 plants were planted 
in the experiment.

All cuttings originated from 1-year-old shoots. The rooted plants had been growing in 
containers in a nursery for one growing season before planting, while the cuttings were 
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Fig. 1  The research layout in a block with 3 plots with plastic mulch and 3 plots with no mulch. Each plot 
contained 96 plants of one of each plant type; short cutting, long cutting or rooted plant

Table 2  Information on the clones used in the study

All clones are commercially available in Sweden. Clone is the identification number used in this study and 
Skogforsk ID is the identification used by the Forestry Research Institute of Sweden (Skogforsk)
a P. maximowiczii (Henry), P. nigra (Linneaus), P. trichocarpa (Torrey and Gray)

Clone Skogforsk ID Taxonomya Additional information

1 S21K766049 P. trichocarpa
3 S21K766003 P. maximowiczii × P. nigra Commercial name Rochester
4 S21K82604 P. trichocarpa
5 S21K766048 P. trichocarpa
6 S23K9040086 P. maximowiczii × P. trichocarpa
7 S23K9040089 P. maximowiczii × P. nigra
8 S23K9040073 P. trichocarpa
9 S23K9040025 P. trichocarpa
10 S23K9040019 P. trichocarpa
11 S23K9040011 P. trichocarpa
12 S23K9040006 P. trichocarpa
14 S216PPL52 P. trichocarpa
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cut in the winter and directly put in storage. All plant material was stored in freezer (− 2 
to − 4 °C) during winter and moved to a refrigerator in May (4 °C for about 2 weeks). The 
cuttings were placed in water during 1–2  days before planting. The short cuttings were 
planted by hand with only one bud located above the soil surface. For the long cuttings, a 
preformed planting hole was made with a stick and the cuttings were planted with approxi-
mately one-third of the cutting length (about 15 cm) above soil surface. The rooted plants 
were planted with a conventional planting tool (Pottiputki). After planting in the middle of 
the mulch strings in the plastic mulch, the perforated holes were covered by soil to mini-
mize moisture losses.

Measurements

Measurements were performed during late winter the first two years and in autumn of year 
3. On each occasion, heights of living plants (cm), from soil surface to the base of the high-
est located bud, were recorded. In addition, survival and degree of damage (in four classes: 
1 = light damage, 2 = damaged, 3 = severely damaged, and 4 = dead or dying) and cause of 
damage (e.g. browsing, rubbing, etc.) were assessed.

The last measurement was done in winter 2017 when the plants had grown for five years. 
Tree height (cm), survival, vitality and stem form were recorded. Vitality was assessed in 
three classes: (a) vital, (b) reduced vitality, and (c) dying. Stem form was assessed in four 
classes (Fig. 2): (I) straight, (II) crooked, (III) multiple leading tops/shoots (≤ three), and 
(IV) “bushy” (≥ four leading tops/shoots or lack of leading tops/shoots).

Statistical analyses

Different statistical models were applied for tree responses depending on the distribution of 
the input data and purpose of the analyses. When analysing effects of the explanatory vari-
ables on the proportion (η) of survival after five growing seasons, the input data followed 

Fig. 2  Illustration of the stem forms divided into four classes: (I) straight, (II) crooked, (III) multiple tops/
shoots (≤ three), and (IV) bushy (≥ four tops/shoots)
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a binomial distribution so generalized linear mixed models implemented in PROC GLIM-
MIX in SAS 9.4 (SAS Institute, Cary, NC, USA) were applied:

where µ is the general mean, αi is the fixed effect of site (i = 1–3),  bij is the random effect 
of block (j = 1–4) within site, γk is the fixed effect of mulch treatment (k = 1–2) and δl is the 
fixed effect of plant type (l = 1–3). The interactions between site, mulch treatment and plant 
type were included in the model as fixed effects. Damage by deer/moose was also analysed 
using the model described above. At Haneström, vole damage reached high levels and was 
therefore analysed to detect possible differences among treatments (but in this specific case 
site was removed from the model).

All living trees were used when analysing tree height (cm). The height followed a nor-
mal distribution with equal variances and was analysed with a mixed model implemented 
in PROC MIXED in SAS 9.4:

where the explanatory variables were the same as in Eq. 1. Satterthwaite approximation 
was used to determine the appropriate degrees of freedom in all analyses. When significant 
differences between treatment means were detected, they were separated using least square 
means with p values adjusted according to Tukey–Kramer. An α-level of 0.05 was used in 
all analyses.

Clonal effects for height and survival were also analysed in this experiment. In this case, 
clone was added as a fixed effect in the models above and included in interactions with site, 
mulch treatment and plant type. For survival, the model with clones did not converge due 
to imbalances and therefore site was excluded as fixed effect and only used in the random 
block within site effect.

The outcomes of cause of damage and stem form classes were described using fre-
quency distribution per site, mulch treatment and plant type. For this, the FREQ procedure 
in SAS 9.4 was used.

Results

Survival and damage

Plastic mulch increased poplar survival by 10%, from 63% without to 73% with mulch five 
years after planting. There was also a significant plant type effect, where the long cuttings 
had a higher survival (76%), compared with rooted plants (65%) and short cuttings (62%). 
Even though there were significant main effects of both mulch and plant type, the effects 
on survival differed depending on site (Fig. 3, Table 3). At Åryd, the overall survival was 
rather high five years after planting and no treatment combination was below 78%. Most of 
the mortality occurred during the first season after planting and thereafter only few plants 
died. The greatest survival was found for long cuttings, irrespective of mulch treatment, 
with over 90% survival, while short cuttings showed about 10% lower survival (Fig.  3). 
The variation in survival between treatment combinations was larger at Dal and Han-
eström. At Dal, mulch had a positive effect on survival, and long cuttings and rooted plants 
had an advantage compared with short cuttings. At Haneström, plant mortality was high, 
and only long cuttings planted in mulch achieved a survival above 50% (68%).

(1)
logit(ηijkl) = log

(

ηijkl
/

(1 − ηijkl)
)

= μ + α
i
+ bij + γk + αiγk + δl + αiδl + γkδl + αiγkδl + εijkl

(2)Yijkl = μ + αi + bij + γk + αiγk + δl + αiδl + γkδl + αiγkδl + εijkl
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The main reason behind the sometimes low survival was the high frequency of dam-
aged plants within the experiment. Almost all planted plants were damaged to some degree 
during the first two years after planting. Fewer plants were damaged at Åryd during the 
third growing season, where the frequency varied between 16 and 28% for the treatment 
combinations. This decline in damage was not found for Dal and Haneström, where almost 
all seedlings received some damage even during the third growing season. During the 

Fig. 3  Plant survival during the 
experimental period. At each site 
mulch and no mulch were used 
in combination with three plant 
types: short cutting (18 cm), long 
cutting (50 cm) and rooted plant. 
The treatment combinations 
shown in the figure are mulch 
and plant (dashed line and filled 
square), mulch and long cutting 
(dashed line and filled triangle), 
mulch and short cutting (dashed 
line and filled circle), no mulch 
and plant (solid line and open 
square), no mulch and long cut-
ting (solid line and open triangle) 
and no mulch and short cutting 
(solid line and open circle). 
Different letters show significant 
differences between treatment 
combinations at the inventory 
year 5
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experimental period, almost all plants had received some kind of damage at least once, 
resulting in nearly 100% damaged plants in total. Therefore, it was not possible to find any 
treatment effect of either site, mulch treatment or plant type on damage.

The cause of damage was to a large extent browsing by deer or moose (Table 4). Dur-
ing the first year in Åryd, browsing by hare was also frequent, while frost was common 
at Dal during the first two years. At Haneström, damage by frost and vole caused prob-
lems. Almost all plants had been browsed by deer or moose more than once during the 
experimental period, but the analyses showed a significant effect of plant type (p = 0.0017), 
where 85% of the short cuttings were browsed, which was lower compared with long cut-
tings and plants, both 90%. A significant site × mulch interaction (p = 0.0001) showed that 
at Åryd, plastic mulch reduced damage by deer and moose from 90% without mulch to 
80% with mulch. At the two other sites mulch had no significant effect on browsing. Voles 
were an important damage agent at Haneström and treatment effects on damage by voles 
were therefore compared at this site. Here, plastic mulch had a reducing effect on damage, 
at least in combination with rooted plants and long cuttings (p = 0.0001) (Fig. 4).

Height

Tree height five years after planting was affected both by site, mulch, plant type and their 
interactions (Table  3). The trees were highest at Åryd, on average 359  cm, which was 
double the height measured at the same time at Haneström (181  cm). At Dal the mean 
height was 209 cm. Plastic mulch had an overall positive effect on tree height, 284 cm with 

Table 3  Results of analyses of 
survival and height five years 
after planting

Effect p value

Survival Height

Site 0.0001 0.0001
Mulch 0.0001 0.0001
Site × mulch 0.0001 0.0001
Plant 0.0001 0.0001
Site × plant 0.0001 0.0009
Mulch × plant 0.0001 0.1419
Site × mulch × plant 0.0826 0.2733

Table 4  Frequency (%) of cause of damage per site and year

Cause Åryd Dal Haneström

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 Year 1 Year 2 Year 3

Deer/moose 58 82 67 64 53 93 45 33 95
Hare 23 0 0 1 0 0 14 6 0
Vole 0 0 0 0 13 0 0 31 0
Frost 8 1 0 24 17 1 34 10 0
Vegetation 0 0 0 0 4 0 0 11 0
Unknown 11 14 33 11 13 6 12 9 5
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mulch compared with 215  cm for no mulch. Long cuttings were tallest (270  cm), com-
pared with rooted plants (255 cm) and short cuttings (224 cm). However, the response in 
height differed depending on site (Fig. 5), and there were greater treatment effects at Åryd 
than at Dal and Haneström. Height development was low at all sites during the first years 
after planting. After two years the trees were still below 1 m height. The main reason to 
poor height development was browsing damage. During the third growing season, height 
increased more rapidly at Åryd, while it was still rather low at Dal and Haneström. This 
was partly due to the lower damage frequency at Åryd year three, which gave the trees a 
possibility to recover.

Stem form

Due to the high browsing pressure, many trees achieved a stem form with several stems 
(class 3) or a bushy form where no main stems were visible (class 4) (Table 5). This was 
especially seen at Haneström, where only 22% of the trees were classified with one single 
main stem and 35% were formed like bushes after five years. Overall, the distribution of 
stem form classes where rather similar among mulch treatments and plant types.

Clone effects

A significant effect of clones on height after five years and a significant interaction effect 
for site and clone (p = 0.0001 for both) were found. Clonal effects were stronger at Åryd 
compared with Dal and Haneström, and the best clones were more than twice the size of 
the worst performing ones (Fig. 6).

A significant clone effect was also found for survival (Fig.  7). Although site effects 
were not possible to analyze statistically due to few replicates, survival was high for most 
clones at Åryd, while at Haneström the variation in survival among clones was large. Sig-
nificant interactions with mulch and plant types occurred, and these effects showed that 
mulch increased survival and decreased individual differences between clones. Regarding 
plant type, long cuttings had the highest survival irrespective of the clone used. The range 

Fig. 4  Vole damage (%) at Han-
eström for the combination of 
mulch treatment (mulch is shown 
as black columns and no mulch 
as grey columns) and plant 
type. Different letters indicate 
significant differences between 
treatment combinations
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Fig. 5  Plant height develop-
ment at the three sites during the 
experimental period. At each site 
mulch and no mulch were used 
in combination with three plant 
types: short cutting (18 cm), long 
cutting (50 cm) and rooted plant. 
The treatment combinations 
shown in the figure are mulch 
and plant (dashed line and filled 
square), mulch and long cutting 
(dashed line and filled triangle), 
mulch and short cutting (dashed 
line and filled circle), no mulch 
and plant (solid line and open 
square), no mulch and long cut-
ting (solid line and open triangle) 
and no mulch and short cutting 
(solid line and open circle). 
Different letters show significant 
differences between treatment 
combinations at the inventory 
year 5. Note that the height scale 
of Åryd is different from Dal and 
Haneström
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between short cuttings and rooted plants changed somewhat depending on the clone used, 
but the differences were not greater than a few percent and thus of less importance.

Discussion

Mulching and soil conditions

This study showed that mulch generally had a positive effect on both survival and growth 
of poplar on agricultural land (Figs. 3, 5). In addition to reduced competition, it was also 
seen that mulching reduced browsing and gnawing damage in some cases. Establishment 
of trees, including poplars, is greatly improved by reducing the negative influence of com-
peting vegetation (e.g. Hansen et  al. 1983; Davies 1987; Bilodeau-Gauthier et  al. 2011; 

Table 5  Percentage of trees 
within each stem form class five 
years after planting

Values are shown for each site, mulch treatment and plant type

Treatment Stem form class (%)

1-straight 2-crooked 3-multiple 4-bushy

Åryd 37 11 42 10
Dal 53 10 32 5
Haneström 22 18 25 35
Mulch 38 11 35 16
No mulch 42 13 35 10
Plant 37 15 36 12
Long 38 12 36 14
Short 46 8 32 14
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Fig. 6  Mean height (cm) of clones five years after planting at the three sites (Åryd is shown as a white col-
umn, Dal as a light grey column and Haneström as a grey column) and as the average over all sites (black 
column). Different letters show differences between average clone height over all sites
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Böhlenius and Övergaard 2015a) and the positive effect of weed control gets higher with 
increased site fertility (Pinno and Bélanger 2009). Earlier studies on the use of mulching 
have shown both positive and negative effects. The varying results partly depend on the 
mulch itself, since different materials can be used and executed differently. Sometimes 
sheets of different materials are used (Siipilehto 2001; Hytönen and Jylhä 2013) and some-
times it is applied in long complete strips (Bowersox and Ward 1970; Green et al. 2003; 
Rytter and Stener 2015), like in this study. Siipilehto (2001) found positive effects on 
growth of aspen seedlings with sheet mulch, but also negative effects were seen since voles 
nested below the mulch, destroyed it and damaged plants. Davies (1988) reported, for ash 
and hornbeam, that opaque mulches were preferable to translucent ones and that the ability 
to resist weed invasion was more important than enhanced temperature below the mulch. 
Thus, tree growth was better with impermeable than permeable translucent mulches, prob-
ably as an effect of retained moisture. A positive effect of mulch compared with herbicides 
in survival and shoot growth of hybrid poplar was reported by Bowersox and Ward (1970), 
who assigned this to better moisture conditions below the mulch during periods of aver-
age rainfall or limited drought. However, during prolonged drought mulching prevented 
remoistening of the soil. In our study we observed comparably low initial survival with 
mulch, most clearly seen for plants at Haneström (Fig. 3). This was most probably due to 
dry soil conditions at the time of mulch application and these conditions were preserved 
by the mulch. Young plants with a rapid demand of soil water are sensitive to dry soil 
conditions.

Green et al. (2003), who considered both biological and economic aspects, concluded 
that mulching could improve early growth in short rotation forestry and be advantageous on 
less fertile sites, but could not recommend it on high-quality sites due to rapid attrition of 
mulching benefits and a high need for additional weed control. The most important feature 
of sheet mulches is their ability to decrease plant mortality according to Hytönen and Jylhä 
(2013). They used small sheets in a trial with silver birch. With larger protection areas, 
i.e. larger sheets, also the growth of trees can be enhanced by providing favourable soil 
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Fig. 7  Survival (%) of clones five years after planting at the three sites (Åryd is shown as a white column, 
Dal as a light grey column and Haneström as a grey column) and as the average over all sites (black col-
umn). Different letters show differences between average clone survival over all sites
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moisture and temperature conditions (Davies 1987; Vares et al. 2003). In addition, mulch-
ing has been shown more durable in controlling weeds than herbicides (Siipilehto 2001) 
or manual methods (Böhlenius and Övergaard 2015a). Results from the present study in 
combination with earlier findings show that competing vegetation is one of the key factors 
when it comes to establishing poplars. It is known from practice in Sweden that repeated 
weed control could work well, but the advantage with mulching is that it is probably not 
necessary to come back for control measures and could thereby offer a good economic and 
sustainable alternative.

The sites used in this study were all probably well suited for afforestation with poplar, 
i.e. fertile and well-drained soils with continuous water supply (Boysen and Strobl 1991, 
Stanturf et al. 2001). They were all former agricultural land that had recently been in use 
for agriculture crops. The pH, which should preferably be above 5 (Ericsson and Lindsjö 
1981; Böhlenius et al. 2016; Hjelm and Rytter 2016), was sufficiently high. Thus, there was 
no reason to believe that soil properties, at least regarding acidity and water availability, 
should have had a negative influence on the results of this study. In addition, the nutri-
ent availability is usually high on abandoned agricultural land, although nutrient condi-
tions were not analysed in this study. Instead, the superior growth at Åryd was probably 
explained by reduced browsing damage from year three and onward, which gave the trees a 
possibility to recover.

The conclusion is that soil preparation, mulch material, performance and site condi-
tions must be carefully combined to achieve best results for establishing plants (cf. Green 
et al. 2003). Mulch generally worked well, but the soil moisture conditions at application 
of mulch needs attention. A commercial concept was used in this study, which worked sat-
isfactorily but could be improved. It is important to select a mulch material that can protect 
the soil long enough but thereafter is fully biodegradable. In this study, the mulch used was 
partly degraded but still visible after five years.

Plant types

Among the tested plant types, short cuttings were generally inferior to long cuttings and 
rooted plants (Figs. 3, 5). This is in agreement with what is usually found in the literature. 
Rossi (1991) reported a clear trend saying that longer cuttings of hybrid poplar survived 
and grew better than short cuttings. The study was performed with 10–50 cm long cuttings 
on agricultural land. Phillips et al. (2014) found that 3 m poles produced more biomass and 
had the best root spread and root length compared to 1 m wands and 0.5 m stakes of poplar 
and willow. Mc Carthy et  al. (2017) found that rooted plants and long cuttings (50  cm) 
of poplar performed better than short cuttings (20  cm) on forest land, and especially in 
combination with mounding. In the present study, the same plant material was used, but 
on agricultural land that is different from forest land both regarding soil characteristics and 
the methods that could be used for site preparation. The results regarding the plant mate-
rial are similar in both studies, which support the findings that larger plant material is to 
prefer in various environments. On the contrary, in the studies by Böhlenius and Övergaard 
(2015b, 2016) cuttings had better or equal establishment and early growth compared with 
rooted plants on agricultural land but not on forest land. Forest soils are more heterogenous 
and constraining factors are not possible to control in the same way as on agricultural land, 
and this may be a reason to why already rooted plants seems more suitable. Longer poplar 
cuttings may also be at risk at establishment in drier climate since a large leaf mass will 
increase transpiration and thereby lead to water stress (Vigl and Rewald 2014). However, 
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this is much a question of planting depth and the relation between biomass above and 
below ground. If planted deep enough to reach moist soil layers, longer cuttings might be 
better in a drier climate, which has been found in Mediterranean climate (Chirino et  al. 
2009).

In addition to cutting length also the cutting diameter influences poplar performance. 
Dickmann et al. (1980) showed significant positive effects on poplar survival and growth 
when the cutting diameter was increased and suggested that cuttings used for planting 
should be over 6 mm in diameter. Temperature is an abiotic factor that may affect the use 
of cuttings since low soil temperatures reduces the rooting ability of poplars (Landhäusser 
2003; Zalesny et al. 2005). Rooted plants could therefore be the best choice on cold sites 
where the initiation of roots may be hampered by low temperature.

In conclusion and based on the varying results from the literature and this study, the best 
combination in practice for successful establishment of poplar on agricultural land seems 
to be reasonably large plants/cuttings together with a treatment, such as mulch, that avoids 
competition from weeds.

Wildlife damage

A common idea with afforestation is that large planted areas with high forage availability 
should reduce the browsing pressure and allow a good establishment with limited damage. 
This effect has been shown in the literature (Bergqvist et al. 2014; Jönsson 2015). How-
ever, this finding was not supported in this study, where heavy browsing by deer and moose 
was observed on all sites even if the total planted area was up to 22 ha (Table 4). A bet-
ter knowledge of the local wildlife situation is obviously necessary when planning planta-
tions of Populus species. We could see little effect of treatment combinations on browsing 
since almost all plants were attacked, but an interesting result was the lower browsing of 
ungulates found on short cuttings compared to the other plant types. One could suspect a 
lower browsing height to be a factor, but later height measurements could not support any 
effect of less browsing (Fig. 5). Once the plants were established and had developed their 
root systems they showed an ability to outgrow the browsing animals. The inventory after 
5 years clearly showed that height growth had accelerated, and the plants had reached a 
height that was difficult to reach for deer (Fig. 5). Netzer (1984) also observed the ability 
for poplar to grow out of reach for deer under high browsing pressure. Another possibil-
ity to reduce browsing damage in the establishment phase is to plant whips or large poles 
that are above browsing height (cf. Stanturf & van Oosten 2014), but this has to be further 
investigated since rather great heights are needed to reduce at least damage by moose.

Browsing by ungulates is an obstacle for plant development, but vole attacks may be 
even more severe for plant survival on afforested farmland (Rytter and Lundmark 2014). 
Damage by voles may be an important economic factor, as exemplified by estimates from 
Finland (Huitu et al. 2009). Damage can be reduced by removing weeds, as shown with 
mounding on agricultural land (DesRochers and Sigouin 2014). In this study, problems 
with vole gnaws were seen at Haneström (Fig. 3), where competition from grass was high.

Performance of clones

This study revealed differences among the poplar clones in both survival and height 
(Figs.  6, 7). This could be expected and is important to evaluate when selecting clones 
for future afforestation and regeneration (Kaczmarek et al. 2013; Stener and Westin 2017). 
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However, we could not see a relation between survival and plant height. Instead, clones 
with high survival did not perform particularly well when looking at plant height. Our 
interpretation was that more robust clones regarding survival could continue to grow also 
as smaller plants, while those were dead within the sensitive clones. This could give a 
somewhat opposite effect between survival and plant height. In genetic tests, Stener and 
Westin (2017) found that the poplars used in Scandinavia (P. trichocarpa, P. balsamifera, 
P. maximowiczii and their hybrids) were inferior to hybrid aspen (P. tremula × P. trem-
uloides), both in survival and initial growth. This stresses the importance of continuing 
with breeding work of poplar since it has a documented high growth potential (Karačić 
et  al. 2003; Christersson 2010; Johansson and Karačić 2011; Tullus et  al. 2013). Blake 
et  al. (1996) concluded that the water situation is critical for poplar survival since there 
is a small margin of safety from critical levels of cavitation and this varies among poplar 
species and clones. Future breeding work should take this into account (cf. Monclus et al. 
2009; Krabel et al. 2015), as well as rooting ability contrary production.

Conclusions

This study has shown, in accordance with previous experience (e.g. Stanturf et al. 2001), 
that absence and removal of weeds is a prerequisite for fast and problem free establishment 
of poplars. The existence of weeds increases loss of plants and delays their development. 
It also harbours voles, which may be a severe obstacle for establishment success. Although 
weeds do not directly affect browsing animals, they increase the time at which browsing 
may occur due to competition and therefore slower height growth of plants. However, even 
with low weed competition fencing is frequently needed. This study showed that by using 
large balanced cuttings or plants of selected clones, in combination with plastic mulch, it 
was possible to reduce the effect of weeds and shorten the time period where browsing 
damage is critical.

Acknowledgements This study was jointly supported by Stiftelsen Skogssällskapet, Stiftelsen Stina Wer-
ners fond and the frame programme of the Forestry Research Institute of Sweden. The authors wish to thank 
the technical personnel at the institute for their careful and sustained efforts with establishment and field 
measurements of the experiment.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Inter-
national License (http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, 
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate if changes were made.

References

Albertsson J, Hansson D, Bertholdsson N-O, Åhman I (2014) Site-related set-back by weeds on the estab-
lishment of 12 biomass willow clones. Weed Res 54:398–407. https ://doi.org/10.1111/wre.12086 

Bergqvist G, Bergström R, Wallgren M (2014) Recent browsing damage by moose on Scots pine, birch and 
aspen in young commercial forests – effects of forage availability, moose population density and site 
productivity. Silva Fennica. https ://doi.org/10.14214 /sf.1077

Bilodeau-Gauthier S, Paré D, Messier C, Bélanger N (2011) Juvenile growth of hybrid poplars on acidic 
boreal soil determined by environmental effects of soil preparation, vegetation control, and fertiliza-
tion. For Ecol Manag 261:620–629. https ://doi.org/10.1016/j.forec o.2010.11.016

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/wre.12086
https://doi.org/10.14214/sf.1077
https://doi.org/10.1016/j.foreco.2010.11.016


753New Forests (2018) 49:737–755 

1 3

Blake TJ, Sperry JS, Tschaplinski TJ, Wang SS (1996) Water relations. In: Stettler RF, Bradshaw HD Jr, 
Heilman P, Hinckley T (eds) Biology of Populus and its implications for management and conserva-
tion. NRC Research Press, National Research Council of Canada, Ottawa, pp 401–422

Böhlenius H, Övergaard R (2015a) Growth response of hybrid poplars to different types and levels of veg-
etation control. Scand J For Res 30:516–525. https ://doi.org/10.1080/02827 581.2015.10347 68

Böhlenius H, Övergaard R (2015b) Exploration of optimal agricultural practices and seedling types for 
establishing poplar plantations. Forests 6:2785–2798. https ://doi.org/10.3390/f6082 785

Böhlenius H, Övergaard R (2016) Impact of seedling type on early growth of poplar plantations on forest 
and agricultural land. Scand J For Res 31:733–741. https ://doi.org/10.1080/02827 581.2016.11672 39

Böhlenius H, Övergaard R, Asp H (2016) Growth response of hybrid aspen (Populus × wettsteinii) and Populus 
trichocarpa to different pH levels and nutrient availabilities. Can J For Res 46:1367–1374. https ://doi.
org/10.1139/cjfr-2016-0146

Bowersox TW, Ward WW (1970) Black polyethylene mulch–an alternative to mechanical cultivation for estab-
lishing hybrid poplars. Tree Plant Notes 21:1–4

Boysen B, Strobl S (1991) A grower’s guide to hybrid poplar. Ministry of Natural Resources, Ontario, p 148
Chirino E, Vilagrosa A, Cortina J, Valdecantos A, Fuentes D, Trubat R, Luis VC, Puértolas J, Bautista S, Baeza 

MJ, Peñuelas JL, Vallejo VR (2009) Ecological restoration in degraded drylands: the need to improve the 
seedling quality and site conditions in the field. In: Grossberg S (ed) Forest management. Nova Publisher, 
New York, pp 85–158

Christersson L (2010) Wood production potential in poplar plantations in Sweden. Biomass Bioenerg 34:1289–
1299. https ://doi.org/10.1016/j.biomb ioe.2010.03.021

Davies RJ (1987) Trees and weeds—weed control for successful tree establishment, Handbook 2. Forestry 
Commission, London, p 39

Davies RJ (1988) Sheet mulching as an aid to broadleaved tree establishment: I. The effectiveness of various 
synthetic sheets compared. Forestry 61:89–105. https ://doi.org/10.1093/fores try/61.2.89

DesRochers A, Sigouin M-E (2014) Effect of soil mounding and mechanical weed control on hybrid poplar 
early growth and vole damage. Écoscience 21:278–285. https ://doi.org/10.2980/21-(3-4)-3645

Dickmann DI, Phipps H, Netzer D (1980) Cutting diameter influences early survival and growth of several 
Populus clones. USDA Forest Service, North Central Forest Experiment Station, Research Note NC-261, 
St Paul, p 4

Engerup P-O (2011) Föryngring med poppel och hybridasp på skogs- och åkermark [Regeneration with poplar 
and hybrid aspen on forest and arable land]. Swedish University of Agricultural Sciences, Southern Swed-
ish Forest Research Centre, Master Thesis no 167, Alnarp, p 99. In Swedish

Ericsson T, Lindsjö I (1981) The influence of pH on growth and nutrition of some energy forest tree species. 
Swedish University of Agricultural Sciences, Energy Forestry Project, Technical Report no 11, p 7. In 
Swedish with English summary

Green DS, Kruger EL, Stanosz GR (2003) Effects of polyethylene mulch in short-rotation, poplar planta-
tion vary with weed-control strategies, site quality and clone. For Ecol Manag 173:251–260. https ://doi.
org/10.1016/S0378 -1127(02)00003 -8

Hannerz M, Bohlin F (2012) Markägares attityder till plantering av poppel, hybridasp och Salix som energigrö-
dor–en enkätundersökning [Landowners’ attitudes to planting poplar, hybrid aspen and Salix as energy 
crops—a survey]. Swedish University of Agricultural Sciences, Dept Forest Products, Report no 20, Upp-
sala, p 48. In Swedish

Hansen E, Moore L, Netzer D, Ostry M, Phipps H, Zavitkovski J (1983) Establishing intensively cultured 
hybrid poplar plantations for fuel and fiber. USDA For Serv, Gen Tech Rep NC-78, p 24

Hjelm K, Rytter L (2016) The influence of soil conditions, with focus on soil acidity, on the establishment of 
poplar (Populus spp.). New For 47:731–750. https ://doi.org/10.1007/s1105 6-016-9541-9

Huitu O, Kiljunen N, Korpimäki E, Koskela E, Mappes T, Pietiäinen H, Pöysä H, Henttonen H (2009) Density-
dependent vole damage in silviculture and associated economic losses at a nationwide scale. For Ecol 
Manag 258:1219–1224. https ://doi.org/10.1016/j.forec o.2009.06.013

Hytönen J, Jylhä P (2013) Long-term effect of weed control on survival and growth of silver birch planted on 
arable land. Baltic For 19:170–178

IEA (2013) Nordic energy technology perspectives–pathways to a carbon neutral energy future. International 
energy agency and nordic energy research. IEA Publications, Paris, p 204

Johansson T, Karačić A (2011) Increment and biomass in hybrid poplar and some practical implications. Bio-
mass Bioenerg 35:1925–1934. https ://doi.org/10.1016/j.biomb ioe.2011.01.040

Jönsson A (2015) The influence of stand size on damage caused by wildlife in poplar stands. Swedish Univer-
sity of Agricultural Sciences, Southern Swedish Forest Research Centre, Master Thesis no 235, Alnarp, p 
42. In Swedish with English abstract

https://doi.org/10.1080/02827581.2015.1034768
https://doi.org/10.3390/f6082785
https://doi.org/10.1080/02827581.2016.1167239
https://doi.org/10.1139/cjfr-2016-0146
https://doi.org/10.1139/cjfr-2016-0146
https://doi.org/10.1016/j.biombioe.2010.03.021
https://doi.org/10.1093/forestry/61.2.89
https://doi.org/10.2980/21-(3-4)-3645
https://doi.org/10.1016/S0378-1127(02)00003-8
https://doi.org/10.1016/S0378-1127(02)00003-8
https://doi.org/10.1007/s11056-016-9541-9
https://doi.org/10.1016/j.foreco.2009.06.013
https://doi.org/10.1016/j.biombioe.2011.01.040


754 New Forests (2018) 49:737–755

1 3

Kaczmarek DJ, Coyle DR, Coleman MD (2013) Survival and growth of a range of Populus clones in central 
South Carolina USA through age ten: do early assessments reflect longer-term survival and growth trends? 
Biomass Bioenerg 49:260–272

Kaczmarek DJ, Rousseau RJ, Wright JA, Wachelka BC (2014) The influence of alternative plant propagation 
and stand establishment techniques on survival and growth of eastern cottonwood (Populus deltoides 
Bartr.) clones. New For 45:487–506. https ://doi.org/10.1007/s1105 6-014-9411-2

Karačić A, Verwijst T, Weih M (2003) Above-ground woody biomass production of short-rotation Populus 
plantations on agricultural land in Sweden. Scand J For Res 18:427–437. https ://doi.org/10.1080/02827 
58031 00091 13

Krabel D, Meyer M, Solger A, Müller R, Carvalho P, Foulkes J (2015) Early root and aboveground biomass 
development of hybrid poplars (Populus spp.) under drought conditions. Can J For Res 45:1289–1298. 
https ://doi.org/10.1139/cjfr-2015-0126

Landhäusser SM (2003) Effect of soil temperature on rooting and early establishment of balsam poplar cuttings. 
Tree Plant Notes 50:34–37

Larsson S, Lundmark T, Ståhl G (2009) Möjligheter till intensivodling av skog [Opportunities for intensive cul-
tivation of forests]. Final report from the governmental commission Jo 2008/1885, Swedish University of 
Agricultural Sciences, p 138. In Swedish with English Summary

Löf M, Ersson BT, Hjältén J, Nordfjell T, Oliet JA, Willoughby I (2015) Site preparation techniques for forest 
restoration. In: Stanturf JA (ed) Restoration of boreal and temperate forests. CRC Press, Baco Raton, pp 
85–102

Månsson J, Kalén C, Kjellander P, Andrén H, Smith H (2007) Quantitative estimates of tree species selectivity 
by moose (Alces alces) in a forest landscape. Scand J For Res 22:407–414. https ://doi.org/10.1080/02827 
58070 15150 23

Mc Carthy R, Rytter L, Hjelm K (2017) Effects of soil preparation methods and plant types on the establish-
ment of poplars on forest land. Ann For Sci. https ://doi.org/10.1007/s1359 5-017-0647-9

Monclus R, Villar M, Barbaroux C, Bastien C, Fichot R, Delmotte FM, Delay D, Petit J-M, Bréchet C, Dreyer 
E, Brignolas F (2009) Productivity, water-use efficiency and tolerance to moderate water deficit corre-
late in 33 poplar genotypes from a Populus deltoides × Populus trichocarpa  F1 progeny. Tree Physiol 
29:1329–1339

Netzer DA (1984) Hybrid poplar plantations outgrow deer browsing effects. USDA Forest Service, North Cen-
tral Forest Exp Stn, Res Note NC-325, St Paul, MN, p 3

Phillips CJ, Marden M, Suzanne LM (2014) Observations of root growth of young poplar and willow planting 
types. N Z J For Sci. https ://doi.org/10.1186/s4049 0-014-0015-6

Pinno BD, Bélanger N (2009) Competition control in juvenile hybrid poplar plantations across a range of site 
productivities in central Saskatchewan, Canada. New For 37:213–225. https ://doi.org/10.1007/s1105 
6-008-9118-3

Rossi P (1991) Length of cuttings in juvenile development of a hybrid poplar clone. New For 5:211–218. https 
://doi.org/10.1007/BF000 28112 

Rytter L, Lundmark T (2014) Tree species experiment with a focus on biomass production—stage 2. The For-
estry Research Institute of Sweden (Skogforsk), Arbetsrapport no 837, Uppsala, p 20 (in Swedish with 
English summary)

Rytter L, Stener L-G (2015) Grey alder and hybrid alder - potential for increasing biomass production for 
energy in Sweden. Skogforsk, Arbetsrapport no 889, Uppsala Sweden, p 38 (in Swedish with an Eng-
lish summary)

Rytter L, Stener L-G, Övergaard R (2011) Odling av hybridasp och poppel [Cultivation of hybrid aspen and 
poplar]. The Forestry Research Institute of Sweden, Guidance, Uppsala, p 40 (in Swedish)

Rytter L, Ingerslev M, Kilpeläinen A, Torssonen P, Lazdina D, Löf M, Madsen P, Muiste P, Stener L-G (2016) 
Increased forest biomass production in the Nordic and Baltic countries—a review on current and future 
opportunities. Silva Fennica. https ://doi.org/10.14214 /sf.1660

Schuler JL, McCarthy W (2015) Development of eastern cottonwood cuttings as modified by cutting length and 
surface area available for rooting. New For 46:547–559. https ://doi.org/10.1007/s1105 6-015-9482-8

Siipilehto J (2001) Effects of weed control with fibre mulches and herbicides on the initial development of 
spruce, birch and aspen seedlings on abandoned farmland. Silva Fennica 35:403–414. https ://doi.
org/10.14214 /sf.577

Stanturf JA, van Oosten C (2014) Operational poplar and willow culture. In: Isebrands JG, Richardson J 
(eds) Poplars and willows: trees for society and the environment. FAO and CABI, Rome and Boston, pp 
200–257

Stanturf JA, van Oosten C, Netzer DA, Coleman MD, Portwood CJ (2001) Ecology and silviculture of poplar 
plantations. In: Isebrands JG, Eckenwalder JE, Richardson J, Dickmann DI (eds) Poplar culture in North 
America. NRC Research Press, Ottawa, pp 153–206

https://doi.org/10.1007/s11056-014-9411-2
https://doi.org/10.1080/02827580310009113
https://doi.org/10.1080/02827580310009113
https://doi.org/10.1139/cjfr-2015-0126
https://doi.org/10.1080/02827580701515023
https://doi.org/10.1080/02827580701515023
https://doi.org/10.1007/s13595-017-0647-9
https://doi.org/10.1186/s40490-014-0015-6
https://doi.org/10.1007/s11056-008-9118-3
https://doi.org/10.1007/s11056-008-9118-3
https://doi.org/10.1007/BF00028112
https://doi.org/10.1007/BF00028112
https://doi.org/10.14214/sf.1660
https://doi.org/10.1007/s11056-015-9482-8
https://doi.org/10.14214/sf.577
https://doi.org/10.14214/sf.577


755New Forests (2018) 49:737–755 

1 3

Stener L-G, Westin J (2017) Early growth and phenology of hybrid aspen and poplar in clonal field tests in 
Scandinavia. Silva Fennica. https ://doi.org/10.14214 /sf.5656

Swedish University of Agricultural Sciences (2017) Forest statistics 2017. Swedish University of Agricultural 
Sciences, Umeå, Official Statistics of Sweden, p 142

Thomas BR, Schreiber SG, Kamelchuk DP (2016) Impact of planting container type on growth and survival of 
three hybrid poplar clones in central Alberta, Canada. New For 47:815–827

Tullus H, Tullus A, Rytter L (2013) Short-rotation forestry for supplying biomass for energy production. In: 
Kellomäki S, Kilpeläinen A, Alam A (eds) Forest BioEnergy production. Springer, New York, pp 39–56

Vares A, Uri V, Tullus H, Kanal A (2003) Height growth of four fast-growing deciduous tree species on former 
agricultural lands in Estonia. Baltic For 9:2–8

Vigl F, Rewald B (2014) Size matters?—The diverging influence of cutting length on growth and allometry 
of two Salicaceae clones. Biomass Bioenerg 60:130–136

Zalesny RS Jr, Hall RB, Bauer EO, Riemenschneider DE (2005) Soil temperature and precipitation affect 
the rooting ability of dormant hardwood cuttings of Populus. Silvae Genet 54:47–58

https://doi.org/10.14214/sf.5656

	Establishment strategies for poplars, including mulch and plant types, on agricultural land in Sweden
	Abstract 
	Introduction
	Materials and methods
	Study sites and preparation
	Experimental design and plant material
	Measurements
	Statistical analyses

	Results
	Survival and damage
	Height
	Stem form
	Clone effects

	Discussion
	Mulching and soil conditions
	Plant types
	Wildlife damage
	Performance of clones

	Conclusions
	Acknowledgements 
	References




