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A b s t r a c t

Ambrosia psilostachya is a plant of North American 
origin, well-domesticated in Poland. It covers ruderal habitats 
and is found in crops and in city green areas. The density of 
ragweed shoots in the researched areas ranged from 55 to 111 
per m2. The production of biomass of this species relates to the 
production of synanthropic communities and city lawns. The 
factor limiting the population is cutting which affects mostly 
the number of shoots per patch, less considerably the state of 
a single individual. Habitats affected by mechanical factors are 
the biggest source of pollen causing allergies.

Key words: Ambrosia psilostachya, biomass, morphology, 
dispersion, male inflorescence, Bydgoszcz

INTRODUCTION

Species of the genus Ambrosia represent a gro-
up of alien plants occurring in the flora of Poland. 
They have the status of ephemerophytes or kenophytes 
(R u t k o w s k i , 2004). It is of special importance that 
their pollen present in the air of many regions has al-
lergic properties (C h ł o p e k  and T o k a r s k a - G u -
z i k , 2006; S t a c h , 2006). Western ragweed Ambro-
sia psilostachya DC. is a perennial of North American 
origin, widely, secondarily dispersed both in Europe 
and in Asia (B a s s e t  and C r o m p t o n , 1975; L a -
a i d i  and L a a i d i , 1999; T s e n g  and P e n g , 
2004, M a k r a  et al. 2005). In Poland it appears in a 
dozen or so regions far from one another (Z a j ą c  and 
Z a j ą c , 2001). It is dispersed throughout the country 
and the pollen of this plant is noted in the air of many 
cities. It comes from local sources and is transported 
from far away (M i s i e w i c z , 1976; S t ę p a l s k a  et 
al. 2002; P u c , 2006; S m i t h  et al. 2008). 

Ambrosia psilostachya was found for the first 
time in Bydgoszcz in 1989. At that time, it was con-
sidered to be a quarantine plant. The observations of 
this species suggest that under the conditions of our co-
untry it propagates and disperses vegetatively. Despite 
abundant pollination, neither fully developed nor spro-
uting fruits were found (K r a s i c k a - K o r c z y ń -
s k a  and K o r c z y ń s k i , 1994; K o r c z y ń s k i  and 
K r a s i c k a - K o r c z y ń s k a , 2011). So far, over 
70 plant patches with ragweed have been recorded in 
Bydgoszcz. It occurs mainly in ruderal communities 
but also in flower beds, lawns and in agricultural crops. 

Climate warming and a positive reaction of ra-
gweed to this process can enhance its spread (Wan et 
al. 2002). This plant has big recuperative powers of ro-
ots (M i z i n i a k  and P r a c y k , 2002; M i z i n i a k , 
2005). Due to allergic properties of hairs on the sho-
ot and pollen as well as its competitiveness towards 
crops, this invasive species will generate economic 
and social problems (T a c i k , 1971). The current sta-
te of knowledge on Ambrosia psilostachya dispersion 
in Poland does not make it possible to provide the fi-
nal definition of the degree of its harmfulness towards 
crops and human health (Opinion of ... 2007).

The aim of the present research was to determi-
ne the variation in selected morphological features and 
the structure of biomass states in ragweed individuals 
as well as shoot density in varied habitats (ruderal, ro-
adside, and lawn).

MATERIAL AND METHODS

The analyses involved rooted aboveground Am-
brosia psylostachya shoots which were considered as 
individuals of that species. The following features were 
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determined: plant height (by measuring the longest sho-
ot because it is a measure of plant size after cutting the 
erect stem), length of male shoot inflorescences as well 
as the total biomass of leaves, stems, and male shoot in-
florescences. The material for analysis was made up of 
30 individuals, sampled in mid-September 2005 from
5 localities (Table 1). The localities researched in 2005 
represent three types of habitats and communities: rude-
ral (patches 2, 3), roadside (patches 11, 12), and lawn 
(patch 5) habitats from the area of the city of Bydgoszcz. 
The air-dry biomass was weighed with an accuracy of up 
to 0.01 g. The significance of the differences was verified 
with one-way analysis of the variance and by determi-
ning least significant differences (R u s z c z y c , 1978).

The observations of ragweed shoot density and 
their dispersion pattern in the above-mentioned habitat 
and community types were continued over the period 
2005-2007 based on the results for 64 adjacent basic 

plots 0.25 x 0.25 m in size in each patch (K e r s h a w , 
1978). The analyses were carried out in three ragweed 
habitats: ruderal (patches 1, 2, 3, 4), lawn (patches 5, 
6, 7, 8), and roadside (patches 9, 10, 11, 12) (Fig. 1). 
Because of the discrete character of the plant density 
variable, harmonic means were given as well as their 
standard error and standard deviation (Fig. 2). Due to 
random causes, seven areas were the only ones in which 
a three-year measurement cycle was performed (Fig. 3). 

There was also determined the productivity of 
the aboveground part of ragweed per 1 m2 of the patch 
of the plant community developing in respective ha-
bitats and total length of all male inflorescences per 
1 m2. They were calculated as a product of individual 
plant weight or length of male inflorescences and their 
density (Fig. 4). These features were recognised as the 
measures of risk of perennial ragweed pollen from the 
respective habitats.

Table 1.
Features of Ambrosia psilostachya individuals in 2005

Locality
Maximum

shoot height
(cm)

Number of male 
inflorescence shoots

(pieces)

Length of male in-
florescence shoots 
on the plant (cm)

Leaf 
biomass 

(g)

Stem 
biomass 

(g)

Male inflores-
cence shoot 
biomass (g)

Total 
biomass 

(g)

lawn (5)
x 30.94 4.1 14.10 1.61 0.99 0.12 2.71

V% 17.9 142.5 181.0 61.2 70.1 176.5 67.8

ruderal (2)
x 37.65 2.8 9.69 0.56 0.64 0.08 1.28

V% 8.7 63.5 39.6 35.4 36.7 54.48 35.7

ruderal (3)
x 20.55 1.0 4.52 0.15 0.18 0.04 0.37

V% 8.4 17.7 32.8 49.1 39.7 182.2 39.4

roadside (12)
x 68.05 12.7 75.35 1.70 2.92 0.56 5.18

V% 9.4 90.3 92.6 78.0 66.4 103.6 73.2

roadside (11)
x 45.63 3.7 9.65 1.00 0.83 0.09 1.92

V% 20.6 98.0 99.7 60.3 62.4 106.2 60.3

NIR0.05 
LSD 0.05 3,01 3.90 17.10 0.40 0.49 0.14 1.00

(2), (3), (5), (11), (12) – plant patch numbers 

Table 2.
Changes in Ambrosia psilostachya shoot density in particular habitats (V – coefficient of variation)

Year 2005 2006 2007
Weighted mean

2005-2007

Habitat shoots × m-2 V% shoots × m-2 V% shoots × m-2 V% shoots × m-2

ruderal 95.1 29.9 68.2 53.4 78.8 57.0 81.1

lawns 55.1 74.9 67.9 39.1 82.0 5.1 65.3

roadsides 108.0 52.2 76.4 15.1 111.3 4.9 100.9

Weighted mean 86.1 53.3 69.9 37.9 90.7 28.6
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Fig. 1. Distribution of the studied plant patches (1-12) with Ambrosia psilostachya in Bydgoszcz (a – developed areas, b – forests, 
c – rivers and canals).
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Fig. 2. Comparison of the density of Ambrosia psilostachya individuals (piece × m-2) in three habitats in years 2005-2007. Box: 
mean ± standard error; whiskers: mean ± standard deviation.
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Fig. 3. Distribution patterns for Ambrosia psilostachya individuals in the habitats studied in 2005-2007: ruderal (A);
lawns (B); roadsides (C); 1-12 plant patch numbers. Plot dimension: 1) 0.25×0.25 m; 2) 0.25×0.50 m;
4) 0.5×0.5 m; 8) – 0.5×1.0 m; 16) 1.0×2.0 m.
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Fig. 4. Western ragweed total biomass productivity (g × m-2) and length of all male inflorescence shoots (dm × m-2),
in 2005.

RESULTS

Morphological features 

Amongst the studied habitats, the highest plants 
were found in phytocoenoses slightly damaged by ve-
hicles on roadsides or exposed to the pressure from 
winter road clearing agents; such conditions eliminate 
less resistant individuals. As a result of lawn-mowing, 
the plants on lawns assumed the creeping habit, which 
did not have a clear effect on their size (Table 1). The 
length of all inflorescence shoots on the plant ranged 
from nearly 4.5 cm in ruderal habitats to over 75 cm 
in roadside habitats. Lawn-mowing under urban gre-
en areas conditions was not a factor limiting the size 
of male inflorescences. Extremely abundant flowe-
ring was reported in the roadside plant patch (12) in 
the complex of railway areas. The total length of male 
inflorescences reached 75 cm there. The length of in-
florescences was the feature which was differentiated 
by the highest values of the coefficient of variation 
(V) (Table 1). Plants under greater mechanical pres-
sure had more numerous and longer male shoot inflo-
rescences. The morphological feature most strongly 
diversifying the investigated patches and habitats was 
plant height – the smallest difference amounts to 6.71, 
at LSD 0.05 

= 3,01. 

Density 
For the three successive years, the density of 

Ambrosia psilostachya individuals was recorded in the 
same plant patches. Its mean values noted in the suc-
cessive years ranged from 55 on the lawn to 111 shoots 
per sq. meter on the roadsides (Table 2). The highest 

density in one of the study areas reached 186 shoots 
(roadside). The range between the averages for years 
and habitats is similar and does not exceed 20. 

Constant lawn-mowing limits the coverage of 
the habitat by ragweed plants reducing their density 
by about 30% compared with habitats which were 
left unmowed throughout the three years of observa-
tions. Average density both in individual habitats and 
years was characterized by high variation. The obta-
ined average values are within the range of the mean 
± standard error of the results for ruderal patches in 
2007 (Fig. 2). 

In the spatial distribution of ragweed, there is
a trend towards the development of varied distribution 
patterns in the respective years and habitats (Fig. 3); 
however, we recorded a trend to form clusters with an 
area exceeding 0.5 m2.

Biomass 

The highest biomass of a single plant was re-
corded in one plant in one patch (12) on the roadside 
(Table 1) where the plants were also the highest. Un-
der the conditions of ruderal habitats, without a drastic 
anthropogenic effect, the weight of individuals ranged 
from 0.37 to 1.28 g and, as compared with the other 
habitats, it was lowest. A high variation was found in 
the ratio of leaf weight to stem weight, although one 
should also factor in a varied rate of dying of assimila-
tion apparatus in the respective habitats. The reproduc-
tion effort, defined as the ratio of male inflorescence 
weight to stem weight, ranged from 11 to 22%. This 
feature does not differentiate the lawn habitat from the 
other ones, either. 
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DISCUSSION

Ragweed shoots in the plant patches studied re-
presented the entire size range known (R u t k o w s k i , 
2004). Under the conditions of roadside habitats, plant 
height exceeded the values recorded in a pot experi-
ment where no significant limiting factors were present 
(K r a s i c k a - K o r c z y ń s k a  and K o r c z y ń s k i , 
1994). In all the analysed habitats, ragweed reached
a higher height than in experiments on the regeneration 
of this plant (M i z i n i a k  and P r a c z y k , 2002). 
Plant biomass in vase fertilization experiments (M i -
z i n i a k , 2005) was comparable to the results in the 
investigated habitats.

The biomass of a single individual observed in 
most patches was higher than that reported by W a n 
et al. (2002) when exposed to competition with group 
C

4 
grasses. It was comparable only with that reported 

in ruderal habitats. Individuals of A. psilostachya in 
lawns and roadside habitats had more biomass relati-
ve to conspecifics in tallgrass prairie (F a h n e s t o c k 
and K n a p p , 1994). Moderate cutting turned out to 
be a less limiting factor than grazing. This confirms 
the thesis about better growth conditions for alien spe-
cies outside the conditions of their natural co-evolution 
(G n i a z d o w s k a , 2005).

The habitats available to ragweed exposed to 
free competition seem less open and do not allow for 
using its potential. The potential of this plant, as measu-
red by shoot weight that can be produced, is a few-fold 
higher. Its reproductive effort fell within the range re-
ported in earlier research (K r a s i c k a - K o r c z y ń -
s k a  and K o r c z y ń s k i , 1994). The total length of 
male inflorescence stems in the plant patches reached 
up to 81 m per 1 m2 in the roadside habitat. From the 
phytosanitary point of view, this value is important be-
cause ragweed pollen is the hardest allergen to avoid.

The maximum shoot density slightly exceeds 
that reported under prairie conditions (W a n  et al. 
2002). A varied distribution pattern of individuals can 
result from the dynamics of the process of habitat colo-
nization by new specimens derived from radicle buds. 
This property of the population is also referred to by 
C z a r n e c k a  (1995). S a l z m a n  (1985) found in 
Ambrosia psilostachya changes in distribution of ra-
mets corresponding to the soil environment dynamics. 
The size of the acreage exceeding 0.5 m2 is connected 
with the length of single roots, at the ends of which 
wintering buds set, making it possible for the plants to 
overwinter (K r a s i c k a - K o r c z y ń s k a  and K o r -
c z y ń s k i , 1994). 

The production of biomass of aboveground ra-
gweed shoots (Fig. 3) during the vegetation period re-
lated to the production of cultivated city lawns and sy-
nanthropic communities in the city (K o r c z y ń s k i ,

1987; W y s o c k i , 1994). A sporadic removal of 
some shoots does not have a clear effect on limiting 
the population productiveness (W a n  et al. 2002).
A relatively high weight of the single individual balan-
ces the lower density on city lawns.

CONCLUSIONS

The structure of a single Ambrosia psilosta-
chya individual and the spatial distribution is strongly 
modified by habitat conditions. The factor limiting its 
density is cutting; however, with a low intensity of this 
treatment, the coverage of a habitat by ragweed can be 
balanced by a good condition of a single individual. 
The ragweed biomass in the study area is higher than 
in its native habitats and points to a more effective use 
of habitat resources by this alien species in its geogra-
phic region. Roadsides pose the greatest risk to persons 
allergic to the pollen of western ragweed. Plants reach 
the highest productivity there and they set the longest 
male inflorescences. 
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Architektura osobników
Ambrosia psilostachya DC.

w różnych warunkach siedliskowych

S t r e s z c z e n i e

Ambrosia psilostachya jest rośliną pochodze-
nia północnoamerykańskiego trwale zadomowioną
w Polsce. Zajmuje siedliska ruderalne, spotykana jest 
w uprawach i terenach zieleni miejskiej. Zagęszczenie 
pędów ambrozji na badanych powierzchniach waha-
ło się od 55 do 111 na m2. Produkcja biomasy tego 
gatunku nawiązuje do produkcji zbiorowisk synantro-
pijnych i kultywowanych trawników miejskich. Poza 
obszarem naturalnego występowania ambrozja rośnie 
w nieco większym zagęszczeniu i jej osobniki osiągają 
większą biomasę. Koszenie nie jest czynnikiem elimi-
nującym okazy ze zbiorowisk roślinnych. Ogranicza 
liczbę pędów w płacie, w mniejszym stopniu wpływa 
na stan pojedynczego osobnika. Największym źródłem 
wywołującego alergie pyłku ambrozji są siedliska pod-
dawane oddziaływaniom mechanicznym.
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