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1. Abstract 
Equisetum arvense is an evolutionary old species that is common as a 
perennial weed in Europe, North America and Australia. It reproduces 
vegetatively via rhizomes and tubers and due to this it spreads efficiently 
below ground after initial establishment. The aim of this study was to 
increase the knowledge of performance during early growth of the species. 
This included differences between clones along a gradient throughout 
Sweden, development of tubers and rhizomes, local adaptation and the 
overall variation within the species. Rhizomes of E. arvense were collected 
from three different places in each of four regions, up to 1000 km apart, in 
Sweden. Clones from the twelve places were planted in spring for a common 
garden study. During summer the plants were watered when needed and 
during late summer the plants were harvested every second week until late 
autumn. Data recorded were tuber and rhizome biomass, aboveground 
biomass, number of tubers and three different tuber characteristics. The 
results showed clone specific phenotypes, but no gradient response or 
adaptation to regions, e.g. the clone with the highest and the clone with the 
lowest tuber biomass in relation to the rhizome biomass were from the same 
region. During early growth, the plants developed continuously with rapid 
increase of belowground biomass after development of aboveground 
photosynthetic parts. Tuber productions differed a lot between clones. The 
relationship between tubers and rhizomes may affect the clone’s possibility 
to be competitive in different environments. Management advice may need 
to be based on clone specific knowledge. 
 
Key words: Common horsetail, perennial weed, rhizome, tuber, vegetative 
reproduction. 
 
2. Introduction 
Equisetum arvense L. (Common horsetail) is a perennial weed that is 
frequent in cultivated fields (Sakamaki 2006) and causes problems in many 
parts of North America, Canada, Australia and Europe (Parsons & 
Cuthbertson 2001, Jonsell & Karlsson 2000, Whitson et al. 2004) The weed 
reproduces vegetatively via rhizomes and tubers, a system that enables 
continuous vegetative reproduction during growth periods. This system is 
therefore prolific for the species. Due to this system, E. arvense is spreading 
efficiently below ground after initial establishment and thereby the weed 
locally can be very competitive with the crops in cultivated fields (Sakamaki 
& Ino 2002, Andersson & Lundegårdh 1999). Another reason for its 
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competitiveness is the fact that the weed more or less is resistant to 
herbicides. 
 It is the tubers and rhizomes that are the primary organs that remain 
viable until the next growing season and in addition to reproduction, these 
organs also function as storage devise (Sakamaki 2006).  The sexual 
reproduction occurs through spores (Parsons & Cuthbertson 2001, Hauke 
1977), a phenomenon that distinguishes them from most other weeds, which 
have their sexual reproduction through flowers and seeds. 

Equisetum arvense is an evolutionary old species (Stewart & Rothwell 
1993), which is observable in characteristics as the construction of the 
different reproduction strategies within the plant and the external appearance 
of the species. The genus Equisetum is thought to have arisen from an older 
genus: Equisetites under Tertiary (Stewart & Rothwell 1993). Schaffner 
(1925) found in early studies of Equisetum more than 20 species of the 
genus that he furthermore placed along an evolutionary continuum. He 
considered E. arvense as the most derived species within the genus 
Equisetum (Schaffner 1925). Today there are 15 extant species recognised 
within the genus Equisetum (Pryer et al. 2003). During time and evolvement 
of the species, it has evolved a broad ecological niche, which means that it 
can establish in a various range of environments, e.g. in cold or warm areas 
and in moist or dry areas. My assumption is that it has either a great 
tolerance for a broad range of environments, or has evolved different eco-
types, which have suitable adaptations for different environments.  

Regarding the management of E. arvense as a weed, studies have been 
done in order to understand the characteristics that lead to a successful weed. 
Sakamaki and Ino (2006) found that capacity for vegetative reproduction 
within the E. arvense depended on the relationship between the stored starch 
and the number of buds on a plant (Sakamaki & Ino 2006). They made their 
investigation under conditions that had either 100 % (open site) or 3% (dark 
site) relative photon flux density. They found that the starch content of the 
initial fragments and tubers decreased and that fragments that were larger 
during the initial face of the study also produced larger new parts, compared 
to the small fragments. The larger fragments also produced more new 
rhizome. The influence of different light conditions during cultivation of the 
species has also been studied (Sakamaki & Ino 2002). The investigation 
concerned if loss of photosynthetic shoots during the early period of the 
vegetative season had an importance for the maintenance of the E. arvense 
population. They found that shading in the beginning of a growing season 
had a negative influence on the plant biomass, but if the plant was able to 
retain the photosynthetic shoots during a growth period E. arvense were able 



	   3 

to maintain its population (Sakamaki & Ino 2002). An effect of potassium 
under different light and nitrogen conditions has been evaluated with the 
results that E. arvense is a sunny habitat species with a general high 
potassium demand (Andersson & Lundegårdh 1999). High supply of 
nitrogen increased the growth of unshaded plants, except regarding tubers 
and fertile shoots (Andersson & Lundegårdh 1999).  

There are still many unstudied aspects of the autoecology of E. arvense. 
One question is the growth rate of the species, including rhizome and tuber 
production. To be able to draw general conclusions about a species, 
knowledge about the degree of variation is needed. This includes knowledge 
about possible local adaption as well as clone-specific differences.  Such 
knowledge is needed to be able to control this weed in a better way, by for 
example giving a proper ground for advice about soil tillage practises e.g. 
timing to avoid spread of tubers in soil as much as possible within fields.  

The aim of the current project is to increase the knowledge of the 
performance during early growth of E. arvense, with special focus on 
possible differences between clones, with different geographical origin. 
Questions addressed will include development and allocation of below-
/aboveground biomass and development of tubers. In order to investigate the 
possibility of local adaptations to areas or over a gradient, plant material was 
collected within different regions over a ca 1000 km south to north gradient 
in Sweden. This will bring basal knowledge of importance for future studies 
of E. arvense, for example regarding responses of certain environmental 
factors. The results will increase the knowledge of performance during early 
growth in general, as well as of variation on a local level and the extent of 
general variation within Sweden.  
 
3. Materials and methods 
Rhizomes of E. arvense were dug up from four regions in Sweden; Skåne, 
Östergötland, Uppland and Västerbotten during the summer and autumn of 
2008. At each region, rhizomes were taken from three sites, with the 
criterion that the sites should be at least 3 km apart from each other in each 
direction (Table 1).  

After collection, the rhizomes were planted in 5 L pots containing a 
mix of fertilized peat soil and sand. All the pots were first placed in a 
greenhouse with moderate temperature (ca 20/10 °C day/night) until the 
middle of December 2008. The temperature was then decreased to ca 10/5 
°C day/night until the end of March 2009, and plants were watered when 
needed. Over time, some plants were discarded and some were re-planted 
and parted, until only one clone of each population remained. 
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At the 28th of March, the rhizomes were cleaned from soil and cut in 
approximately 2 cm long pieces and 36 pieces from each population were 
planted in Hekla pumicestone 2-8 mm (Bara Mineraler AB, Bara) in small 
pots of ca 0.1 L, and put at 20/10 °C day/night in greenhouse. Circa 1 mL of 
fertilizer (Blåkorn, Bayer AB, Staffanstorp) was added. 

At the 3rd of June, 19 plants from each of the 12 clones were planted in 
a mixture of pumicestone and 2-14 mm diameter ceramic clay pellets (AB 
Svenska Leca, Sweden) in 3 L pots. The plants were cut off to a height of 
approximately 2 cm. They were dug down at randomly assigned positions in 
a field at Ultuna, Uppsala. Temperature was measured by SLU weather 
station (in air and on soil surface) and with Tinytag (Intab, Sweden) 
temperature logger (3 cm down in soil). Shortly after placement outdoors, 
there was a period with minus degrees at soil surface (Figure 1). Every plant 
had a specific ID-number but while handling the plant, it was unknown 
which clone any certain plant belonged to, eliminating handling bias. In the 
bottom of each pot a two-layered non-woven fiber cloth was placed to 
prevent the rhizomes and tubers from growing out outside the pot. When 
planted, the plants were given 5 mL of fertilizer (Blåkorn, Bayer AB, 
Staffanstorp). Throughout the summer and until the final harvest, the plants 
were watered when needed. The field site was also hand weeded when 
needed during this period, both within and around the pots. The plants were 
additionally given 5 mL of fertilizer (Blåkorn, Bayer AB, Staffanstorp) at 
23rd of July.  

On the 10th of August the first plants of E. arvense were harvested. 
Three pots from each population, 36 in total, were randomly chosen and dug 
up. To be included, the plant had to be alive, and when this was not the case, 
one new randomly chosen plant from the same site and region was dug up. 
Each pot was immediately after collection placed in a plastic bag, so that 
none of the above- and underground biomass was lost. The aboveground 
biomass was cut off and placed in small aluminum containers and then dried 
for ca 48 hours at 105 °C in a drying cabinet (Electrolux, Sweden). 

On the 11th of August the underground biomasses was cleaned from 
substrate and rinsed with water. The rinsing was done by hand and as 
carefully as possible, taking care to keep tubers connected to their origin 
location on the rhizome or on another tuber. 

 On the same day, detection of each tuber on each plant was done. The 
tubers on each plant were first categorized and counted with regard to 
location on the plant. Three categories were used: attached to the rhizome, 
attached to another tuber but not to rhizome and fallen off from the plant. 
The tubers were then also categorized and counted into three different color 
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groups: light yellow/green, light brown or dark brown/black. The tubers 
were then additionally categorized into three size groups: < 3.5 mm, 3.5-5.0 
mm and > 5 mm. This size categorization was executed by using two sieves, 
one with a mesh size of 3.5 mm and one with a mesh size of 5.0 mm. During 
the detection of the tuber size, the sieves were shaken a few times and if the 
tubers did not go through the current mesh size, it was regarded having 
larger size than the mesh size. The rhizomes and tubers from each plant were 
placed separately in small aluminum containers and were then dried at 105 
°C for at least 20 hours in a drying cabinet (Electrolux, Sweden). 

On the 12th of August the aboveground biomass and the underground 
biomass (rhizomes and tubers separately) were weighted with an accuracy of 
10 mg with a balance scale (Mettler Toledo, Switzerland). 

The above procedure was repeated on five occasions: every second 
week until the latter part of October, the last harvest was done 19th October.      
 
 

 

 
 

Figure 1. Temperature, June 3rd to October 19th 2009, in Uppsala, Sweden, where 228 
plants of Equisetum arvense were grown in a common garden study. Line patterns show 
placement of temperature logger: in air - dotted, at soil surface - dashed, three cm down 
in soil - solid. 
 

Table 1. Coordinates for collecting sites of three clones of Equisetum arvense 
from each of the four regions Skåne, Östergötland, Uppland and Västerbotten 
during summer and autumn of 2008. 
Region Site number 1 Site number 2 Site number 3 
Skåne 55°40’N 13°04’E 56°06’N 14°05’E 56°12’N 12°35’E 
Östergötland 58°25’N 15°28’E 58°27’N 15°26’E 58°32’N 15°25’E 
Uppland 59°49’N 17°39’E 59°49’N 17°46’E 59°53’N 16°39’E 
Västerbotten 63°45’N 20°13’E 63°51’N 20°11’E 63°57’N 20°01’E 
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4. Results 
 

 
 
Figure 2. PCA on twelve clones of Equisetum arvense originating from four different 
regions in Sweden (from 55°40’N [Skåne] to 67°57’N [Västerbotten]), using: (1) 
biomass, (2) below-/aboveground biomass, (3) tuber/rhizome biomass, (4) number of 
tubers and (5) tuber characteristics recorded at six occasions (three replicates) during 
early growth in a common garden study.  
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Figure 3. Total biomass and belowground biomass as fraction of aboveground biomass 
(dry weight) of twelve clones (triangle - clone 1, square - clone 2 and circle - clone 3 
from each of four regions) of Equisetum arvense. The plants were grown outdoors in pots 
at Uppsala, Sweden and harvested every second week from August 10th to October 19th 

2009. The X-axis shows each of the six harvest occasions. The clones originated from 
Skåne, Östergötland, Uppland and Västerbotten: from the south to the north of Sweden. 
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Figure 4. Tuber biomass as fraction of rhizome biomass and number of tubers (dry 
weight) of twelve clones (triangle - clone 1, square - clone 2 and circle - clone 3 from 
each of four regions) of Equisetum arvense. The plants were grown in pots outdoors at 
Uppsala, Sweden and harvested every second week from August 10th to October 19th 

2009. The clones originated from Skåne, Östergötland, Uppland and Västerbotten: from 
the south to the north of Sweden.  
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Figure 5. Overview of significant differences between young plants of 12 clones of E. 
arvense regarding four characteristics measured at six occasions during autumn: biomass 
(a), below-/aboveground biomass (b), tuber biomass (c) and number of tubers (d). Clones 
originated from four regions in Sweden (from south to north: Skåne – S, Östergötland – 
Ö, Uppland – U and Västerbotten – V). A letter (a, b, c or d) shows significant (p<0.05, 
Tukey HSD test) difference between the two compared clones regarding the 
corresponding characteristic. 

Table 2. ANOVA of biomass, below-/aboveground biomass, tuber/rhizome biomass and the number 
of tubers of twelve clones of Equisetum arvense originating from four regions in Sweden and 
harvested every second week from August 10th to October 19th 2009 (i.e. six occasions.) 
  Biomass Belowground biomass* 

aboveground biomass-1 
Tuber biomass* 
Rhizome biomass-1 

Number of tubers 

Factor df F p F p F p F p 
Clone 11 19.379 0.001 13.780 0.001 14.131 0.001 11.756 0.001 
Harvest 
occasion 

5   8.875 0.001   6.747 0.001   2.898  0.016   3.107 0.011 

Clone* Harvest 
occasion 

55   1.150 0.255   1.047 0.406   1.432  0.048   1.165 0.237 

Error 140         
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Figure 6. Color fraction (three categories; pale [triangle], medium [square] and dark 
[circle]) of Equisetum arvense tubers harvested every second week at six occasions from 
August 10th to October 19th 2009. Plants were grown outdoors in pots in Uppsala, 
Sweden. Clones originated from Skåne, Östergötland, Uppland and Västerbotten: from 
the south to the north of Sweden. 
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Figure 7. Size fraction (three categories: small [triangle], medium [square] and large 
[circle]) of Equisetum arvense tubers harvested every second week at six occasions from 
August 10th to October 19th 2009. Plants were grown outdoors in pots in Uppsala, 
Sweden. Clones originated from Skåne, Östergötland, Uppland and Västerbotten: from 
the south to the north of Sweden. 
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Figure 8. Location fraction (three categories: on rhizome [triangle], on tuber [square] and 
not attached [circle]) of Equisetum arvense tubers harvested every second week at six 
occasions from August 10th to October 19th 2009. Plants were grown outdoors in pots in 
Uppsala, Sweden. Clones originated from Skåne, Östergötland, Uppland and 
Västerbotten: from the south to the north of Sweden.  

Table 3. Result of analyses (ordinal multinomial data) on three 
fractions of each of the characteristics color, size and location in 
the underground system of tubers of twelve clones of Equisetum 
arvense originating from four regions in Sweden, harvested six 
times during late summer and autumn 2009. 
  Color Size Location 
Factor df Wald p Wald p Wald p 
Harvest 1   3.630 0.057     0.472 0.492     0.443 0.506 
Clone 11   6.497 0.838   30.466 0.001   12.765 0.309 
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In PCAs on biomass, belowground/aboveground biomass, tuber/rhizome 
biomass, number of tubers and tuber characteristics (i.e. size, color, location 
in the underground system) the clones appeared mixed regarding regions 
(Figure 2). This indicates that the clones from each site are independent of 
each other, both within and between regions, i.e. that there are no gradual 
changes through Sweden regarding these characteristics. For example factor 
1 (degree of explanation: 35.45%) in the plot describing below-
/aboveground biomass (Figure 2) range from -0.328 to 0.797 and the order 
in which the regions appear on the axis are; Uppland, Västerbotten, 
Uppland, Skåne, Västerbotten, Östergötland, Östergötland, Östergötland, 
Uppland, Västerbotten, Skåne and Skåne, where Skåne is the most southern 
county and Västerbotten the most northern (Table 1). Factor 1 (degree of 
explanation: 27.64%) in the plot describing tuber/rhizome biomass (Figure 
2) range from -0.803 to 0.607 and Västerbotten represent both the highest 
and the lowest value. No clusters of regions or clusters of certain locations 
within a region appeared (Figure 2) and therefore further analysis was made 
on individual clones instead of regarding them as representative for a certain 
region. 

Biomass, below/aboveground biomass, tuber/rhizome biomass and 
number of tubers (logarithmic values, in all cases) were analyzed with 
ANOVA (Table 2), with clone, harvest occasion and the interaction between 
clone and harvest occasion as independent variables. One plant in one pot 
was regarded as one replicate of each clone. The ANOVAs were followed 
by Tukey HSD tests for pair-wise comparisons of clones (Figure 5). Tuber 
size, color and location in the underground system (where all three 
characteristics sorted into three different fractions) were analyzed as ordinal 
multinomial data, thus analyzing whether the fraction sizes changed over 
time (harvest time as continuous predictor) and/or were dependent on clones 
(categorical predictor) (Table 3). All analyses were done with Statistica 
(StatSoft, Inc. 2010). 

The factor clone was a significant explanatory factor in all four 
characteristics biomass, below/aboveground biomass, tuber/rhizome biomass 
and number of tubers (Table 2). The time for harvest was of importance for 
biomass and below/aboveground biomass but did not significantly affect the 
tuber/rhizome biomass or number of tubers (Table 2). The interaction 
clone*harvest showed no affect in any of the characteristics measured (Table 
2). There were significant differences between clones, for all four ANOVA 
analyzed characteristics (Figure 5). The differences were not related to 
geographical location, but occurred, and were absent, both between and 
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within regions. For example, all attributes differed significantly between 
Uppland clone 1 (U1) and Östergötland clone 1 (Ö1), whereas between U2 
and Ö1, and U3 and Ö1 there were no significant differences, neither 
between S1 and V1 (Table 1, Figure 5).  S1 and U3 did not have significant 
differences in the analysed characteristics, whereas S2 and U3, S3 and U3 
respectively both had significant differences in tuber/rhizome biomass and 
number of tubers (Table 1, Figure 5). V1 and V2 were the only clones within 
a region that did not differ significantly in any of the four characteristics 
analysed (Table 1, Figure 5). For example clone 1 from Uppland had a 
steady increase in biomass from the first to the sixth harvest, whereas clone 
3 from the same region had a minor increase from the first to the sixth 
harvest. Fractions of below-/aboveground biomass tended to decrease in the 
middle of the harvest period (second to third), regardless of clone and 
increased towards the sixth harvest (Figure 3).  

The number of tubers differed between clones in general and between 
clones within regions (Figure 4). For example, Uppland had a visible 
increase of numbers of tubers from the first to the sixth harvest in clone 1, 
whereas clone 2 and clone 3 had a much narrower increase (Figure 4).  

For tubers, the fraction of color classes and location in the below 
ground biomass were not significantly affected by harvest or clone (Table 
3). The distribution among tuber sizes were significantly dependent on the 
factor clone, but were not affected by harvest (Table 3). Most tubers were 
located directly on the rhizome, except for clone number 2 from Skåne, 
which had equal numbers of tubers directly on the rhizome and on another 
tuber (Figure 8). The relative distribution among the three color fractions of 
tubers varied a lot, both within and between clones, where the medium color 
fraction overall was the most common (Figure 8). The fractions of pale 
tubers were lower at the sixth harvest than during the first, except in all three 
clones of Skåne and in the third clone of Östergötland (Figure 8). These 
outcomes were not significant (Table 3) and could therefore be present just 
by chance. Size fractions of the tubers were dependent on the factor clone 
(Table 3) e.g. Uppland 2 had a large fraction of the intermediate size all 
time, while Skåne 2 had a relatively even distribution among the three size 
classes (Figure 7). The twelve clones tended to have a higher fraction of 
large tubers in the sixth harvest than in the first, except clone 1 from Skåne 
and clone 1 and 3 from Östergötland, were the fraction of large tubers 
decreased (Figure 6). Even though the fraction of large tubers had increased, 
there were only in three clones (clone 3 of Skåne, clone 2 of Östergötland 
and clone 1 of Uppland) of twelve that the large tubers had the highest 
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fraction at the sixth harvest of the three categories (Figure 8). Tuber size was 
not significantly dependent on harvest occasion (Table 3). 
 
5. Discussion 
5.1 Clones 
From the PCA (Figure 1) and the Tukey HSD tests (Figure 5), my 
conclusion is that the clones from the twelve different places (Table 1) are 
independent of each other, both within and between regions, because the 
results do not indicate clusters or a north-south gradient along Sweden. 
Thus, the clones do not show adaptation to a region, neither is there a 
gradual change throughout Sweden regarding the characteristics measured, 
during early growth after vegetative reproduction (Figures 3, 4, 6, 7, and 8). 
Carlina vulgaris, which is a perennial weed, has been shown to have local 
adaptation (Becker et al. 2006) and this is also known in Achiella 
millefolium (Clausen et al. 1940, 1948).  However, there are also studies 
where local adaptation were not recorded, even though the study was 
suitable to record such patterns (Rapson & Wilson, 1988). 

Being an evolutionary old species (Stewart & Rothwell 1993), E. 
arvense must have faced a great variation of different climates, and is now 
performing well in e.g. warm and relatively dry environments as around 
Sidney, Australia (Parsons & Cuthbertson 2001) and in cold and rainy 
environments as on Iceland, in north Europe (Jonsell & Karlsson 2000). The 
species is also known to grow under a variety of soil (productive and 
unproductive) conditions (Cody & Wagner 1980: Holm et al. 1977). This 
indicates that the species must have a broad tolerance for different 
environments if it is not divided into different eco-types that are adapted to 
local climates. 

The weed differed between clones, but the recorded characteristics 
were not correlated to region or to a gradient throughout Sweden. There 
were significant clone-specific responses regarding all four characteristics 
measured (Table 2, Figure 5), but these seem not to be responses to the local 
climate. It is not possible that e.g. Uppland clone 1 (U1) and Östergötland 
clone 1 (Ö1), which differed a lot in responses of the characteristics 
measured (Table 1, Figure 5), should differ a lot in local climate while U3 
and Ö1, that did not differ a lot in responses of the characteristics measured, 
should not differ in local climate. Thus, my conclusion is that E. arvense 
within Sweden is not locally adapted regarding the characteristics measured, 
but has clone specific expressions. The phenotypical differences between the 
clones depend on their genotypes, and all the phenotypical expressions are 
good enough to allow survival in the present environment. This could of 
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course also be local adaptations, but the fact that e.g. the sites in Uppland are 
similar to each other in regard to temperature, humidity, sun hours etc. make 
this unlikely.  It may be necessary to give weed management advices that 
consider the local clone, similar as for Xanthium strumarium (Wassom et al. 
2002). Common garden studies of X. strumarium collected in the USA have 
shown that seeds collected from the north generally flowered early, but the 
earliest occurred flowering was from a plant collected in the south. They 
concluded that the plants varied too frequently in the characteristics 
measured that certain strategies to overcome this weed could not be done on 
a regional scale (Wassom et al. 2002). In the case of E. arvense, e.g. 
differences in tuber and/or rhizome production between clones may be of 
importance for management.  
 
5.2 Biomass 
As expected there was a general increase in biomass over time (Table 2, 
Figure 3). Plant size was clone dependent, but there was no effect of the 
interaction ‘clone*harvest’ (Table 2); thus, a clone that had relatively small 
plants in the beginning of the season had relatively small plants also late in 
the season, even though all plants increased in size during the growth period. 
Clone 2 from Östergötland is the only clone that had a large increase in 
biomass during the middle of the harvest period, but at the sixth harvest the 
biomass was lower.  

Regarding below/aboveground biomass, the fraction increased in 
general during the study (Figure 3), showing that below ground biomass 
increased more than aboveground biomass after that the aboveground, 
photosynthetic, part was established after the third harvest. Shortly after 
placement outdoors, there was a period with minus degrees at soil surface 
(Figure 8). After that period, the plants most probably allocated present 
energy to above ground growth, which gave a recovery of photosynthetic 
green parts. The distribution of below/aboveground biomass included 
differences between clones, both within and between regions (Figure 5). The 
results of fraction below/aboveground biomass over time (Figure 3, Table 2) 
showed that the clones start to produce belowground biomass very soon after 
that the aboveground biomass is present. 

The fraction of tuber/rhizome biomass (Figure 4) showed a general 
increase over time, with a significant result regarding clone, harvest and the 
interaction clone*harvest (Table 2). The latter is due to the fact that two of 
the different clones have their highest tuber/rhizome biomass at different 
times than the other ten remaining clones (Figure 4).  
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The number of tubers had a general increase over time (Figure 4, Table 
2), even though there are large differences between clones (Table 2). The 
clones are consistent regarding the number of tubers, i.e. a clone that had 
few in the beginning of the harvest period had also few at later harvests. 

 
5.3 Tuber characteristics 
The fraction of color and location of the tubers on plants (Figure 7 and 8) did 
not differ significantly; neither due to harvest nor because of clone (Table 3). 
The distribution among tuber sizes was significantly dependent on the factor 
clone but was not affected by harvest (Table 3). The clones had their specific 
tuber sizes, where only some produce the large tubers. The tubers grow out 
continuously and their final sizes are dependent on clone character. One 
explanation to the evolvement of different tuber sizes for different clones 
can be that large tubers are dry-hardier than smaller ones and therefore have 
a higher survival rate in environments with a long dry-period, this should 
lead to larger tubers in drought-affected environments which is not the case 
in Sweden and thus would not influence the tuber sizes there. However, the 
sizes may also differ by random: different tuber sizes have arisen through 
sexual reproduction, and if the differences do not lead to too low 
competition strength, the different clones can survive and continue to 
reproduce vegetatively.  

Regarding color, the rhizome is pale in the growing tip, and 
successively darker toward older parts until getting a uniform dark color 
(personal observation). The tubers, that have the same mix of colors, most 
probably have analogous correlation between color and age. The result that 
the fractions of tuber colors did not change during the study period imply 
that there are tubers at all age groups at all occasions, i.e. new tubers are 
developed also late in autumn. However, Figure 7 indicates an increase, 
even not significant (Table 3), of the darkest fraction in the end of the study 
time for some clones. It is therefore possible that the development of new 
tubers would cease relatively short time after the last harvest at the 19th of 
October (which is late autumn in Sweden). The interpretation of time not 
being an important factor for any recorded tuber characteristic (Table 3) is 
that during early growth, during summer and autumn, the tubers developed 
continuously, with the different fractions developing in similar rate. 

The twelve different clones of the E. arvense from the twelve different 
places (Table 1) varied significantly to a great extent regarding the 
characteristics measured during early growth after vegetative reproduction 
(Figures 3, 4, 6, 7, and 8) and (Table 2 and 3). The obtained results can be 
compared with those of Xanthium strumarium (Wassom et al. 2002), for 
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which is concluded that certain management advice cannot be given on 
regional scale; the plant responses were specific to populations. In 
conformity with E. arvense, it is important to know if a specific response is 
special to a studied clone or if it is general one for the species before giving 
management advice. Due to large differences between clones (Table 2), 
often also between clones occurring geographically relatively close to each 
other (Figure 5) regarding several characteristics, it is of importance to use 
clone plant material for investigations of responses to environmental factors. 
This is of importance in order to not obscure responses by including large 
uncontrolled variations within the plant material, and thereby misread the 
results as a response of e.g. the environment when instead it is a clone-
specific performance. In other words, if aiming to study the effect of a 
certain environmental factor on tuber production, it is necessary to use plants 
that all develop reasonable numbers of tubers. Ones the characteristics 
wanted are pinpointed, plants of E. arvense are suitable to reproduce as 
clones from different plants. A large number of cloned plants of different 
genotypes provide a suitable material for studying responses to different 
factors. The replicates of several different clones help avoiding the risk of 
differences being a result of that different phenotypes being used as 
replicates, instead of clones. In turn, this gives a sufficient amount of plants 
that is needed to be certain to cover the natural variation (Figure 5). 

To further learn about E. arvense as a weed, responses to different 
environmental circumstances should be studied. For example it could be of 
interest to study if the tubers and rhizomes have different germinative 
conditions and if the fraction of tubers/rhizome produced are dependent on 
environmental conditions, as nutrient or water availability, during growth. 
Tubers and rhizomes may have different durability against drought, and this 
could be one of the explanations why E. arvense has both these organs in its 
vegetative reproduction. One other aspect could be that the rhizomes are 
more efficient to produce, in terms of energy consumption and have more 
chance to survive and shoot new plants, thus the relation between tubers and 
rhizomes may affect the clone’s possibility to be competitive in different 
environments. Such knowledge can help in controlling E. arvense, not 
directly but indirectly by allowing predictions of growth and reproduction 
responses during different circumstances. 
 
 
5.4 Conclusions 

There were statistically significant differences between clones 
regarding all different recorded characteristics. The clones differed regarding 
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size and distribution of biomass between above- and belowground parts. 
Some of the plants allocated most energy to the rhizome, roots and tubers for 
reproduction and uptake of nutrients whereas other plants allocated the 
energy to photosynthetic green parts above ground to be able to capture light 
energy. These performances were not connected to geographical origin, 
neither by correlation to the north-south gradient, nor by formation of 
clusters. My conclusion of this result is that regarding the investigated 
characteristics, there is no certain adaptation to environmental circumstances 
in any specific region of E. arvense within Sweden. The performance of an 
E. arvense clone is mostly a result of its genome – it performs as it usually 
does.  

My conclusion is that the clones have a number of specific features that 
are not adaptations to the regional environments they originate from when 
collected for this study. Obviously, the phenotypes of the studied clones are 
“good enough” for not leading to the clone being outcompeted from their 
different present environments. A number of expressions of characteristics 
seems randomly distributed within the Swedish population of E. arvense 
(Figure 2); if there were adaptations to the regional environments regarding 
these characteristics, the results should most probably be more equal within 
than between regions; the soil is more similar within than between regions 
and especially temperature and sun-hours during the year are specific for the 
regions. There may of course be other factors that cause local adaptations 
regarding for example tuber production, but because the main regeneration 
of E. arvense is vegetative I regard it reasonable to conclude that the 
phenotypes observed are inherited since long ago, not specifically to the 
present environment, and that there are a number of different phenotypes 
that all can be successful weeds in the same environment. Thus, I conclude 
that the differences between clones observed in the common garden study is 
not because of different ways to respond to the environments they were 
subjected to but rather the results of the clones performing similar to what 
they would have done at their original locality.   

When aiming at providing advice for weed control, the fact that E. 
arvense performs in clone-specific ways can cause problems because the 
response to a treatment may differ markedly between clones. One needs to 
take into consideration whether one wants to treat a general trait, like the 
growth during summer, or one that may differ between clones, e.g. the 
production of tubers. 

The knowledge gained from this study will hopefully facilitate future 
studies of E. arvense. We now can tell that it is of importance to know the 
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different performance between clones of the weed when e.g. investigating 
the responses in various environments.  
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