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Abstract: Weeds are responsible for a significant proportion of agricultural production losses. Com-
mon ragweed (Ambrosia artemisiifolia L.) has become the dominant weed in much of the northern
hemisphere over the last century and is projected to further expand northward with climate warm-
ing. Not only does it cause damage to agriculture, but it also poses a significant human health risk.
With the increasing number of Ambrosia artemisiifolia, around 44 million more people will suffer from
ragweed pollen-induced pollinosis in the future just in Europe. The following review provides an
overview of the most important and recent research findings on the spread, morphology, life cycle,
importance and damage, allelopathic effects, habitat and environmental requirements of common
ragweed. These characteristics of the species may explain its success and, based on this knowledge,
allow the development of methods for its control.
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1. Introduction

Common ragweed (Ambrosia artemisiifolia L.) is one of the most important invasive
plants, spreading widely in America, Asia and Europe. The secret of its success as an
invader, apart from anthropogenic activity, is primarily its favorable invasive properties.
Moreover, A. artemisiifolia can cause serious pollen allergy in sensitive people. Regarding
interference among higher plants, its competitive ability and allelopathy are also consid-
ered essential factors. Because common ragweed (hereafter referred to as ragweed) has a
broad ecological spectrum, it can adapt to various environmental factors [1]. A. artemisiifo-
lia is considered an invasive summer annual, aggressive alien competitor weed species [2].
Ragweed is the most prominent agricultural weed and is responsible for large crop losses
in many crops [3].

2. Spreading of the Species

The gene center of A. artemisiifolia is in North America, in Arizona (Sonora desert),
which extends north and west of the Gulf of California. There are 10 Ambrosia species
occurring in the Sonora Desert. It was first detected in 1838 and 1860, in the USA and
Canada, respectively. It has recently become a widespread weed species in North America,
reaching as far as the south of Canada. Out of North America, it can be found all over the
world, in Europe, India, China, Japan, other Asian countries and also in Australia. To date,
41 species of the Ambrosia genus are known, out of which A. artemisiifolia, A. trifida and
A. psylostachya pose threats to agricultural production [4].

A. artemisiifolia has no specific mechanism for its spreading. The seeds are dispersed
by wind a few meters around the mother plants. Occasionally, it may spread by birds
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eating the seeds. Spreading by water has great importance, and rapid dispersal can be
observed due to major floods. Anthropogenic spread has the greatest importance with con-
taminated seed,  inadequately cleaned soil machinery and growing
technological mistakes [5].

Chauvel et al. [6] examined the herbaria of botanic gardens, concluding that France
was the first station of ragweed spreading in Europe. Based on the examined materials,
it is almost certain that ragweed was present as early as 1763 in France. As an invasive
alien weed species, its harmful effect on fields has been registered since 1863. In 1890, it
was already detected in the neighboring countries of France. We have no detailed informa-
tion on countries like Switzerland, Austria and Germany regarding the first detection of
the species; however, some reports from the end of the 1800s suggest its presence in these
countries. In Russia, the first detection of A. artemisiifolia was registered in 1918, and it is
presumed that its introduction occurred through international trade [7]. Its first appear-
ance was detected in Tupse and Vlagyikavkaz, along linear constructions (railway lines)
and spread into the fields from there. In 1938, it had already been registered in the North-
Caucasus and the eastern part of the Crimean Peninsula. A. artemisiifolia was detected in
Ukraine in 1914 (Dnyepropetrovki). After that, it was identified in Kiev, Kharkiv, Odessa
and Zaporozhye in 1925, 1929, 1936 and 1939, respectively [8]. Common ragweed has the
largest abundance and pollen concentration in the region of middle Europe [4,9-11]. Its
introduction into the region and Hungary is likely due to its settlement in France. The first
descriptions regarding its occurrence are derived from herbarium samples from Orsova [4].
It is considered an introduced weed species in Hungary, France and Italy. Its spreading
is extensive in Germany, Switzerland, Austria, Slovakia, Poland, Turkey and the Korean
Peninsula [9,12]. Csontos et al. [13] examined the herbariums of more botanical muse-
ums, universities and botanical gardens. A considerable part of the herbariums was cre-
ated in 1922. Therefore, they presumed that the spread of ragweed could be dated to that
time. Based on the work of Béres—Hunyadi [14], A. artemisiifolia was first detected in So-
mogy county (Hungary), then later in Zala and Veszprém counties. In Hungary, ragweed
spreads from the Szeged area to the middle of the Danube-Tisza region, and from there,
it continues towards the northern areas. Following the Second World War (WWII), during
Hungary’s reconstruction, it spread rapidly along agricultural transport routes, primarily
along national roads and railways. Nowadays, it is considered a common and the number
one weed species in Hungary. Case-Stinson [15] summarized the results of several studies
on A. artemisiifolia and stated that ragweed is sensitive to drought stress. In Europe, where
ragweed has not yet occupied its ecological niche, intense summer droughts can limit its
spreading. It is believed to also be sensitive to extreme temperature values as well.

There are several monitoring systems for predicting plant pests in the world. The
Hungarian arable weed survey system is unique in the world since the state and the changes
in weed flora have been continuously recorded for years. In Hungary, the First National
Weed Survey (NWS) was carried out between 1947 and 1953, and the fifth NWS was carried
out between 2007 and 2008, while the latest was between 2018 and 2019 [16,17] (Table 1).

Table 1. The coverage percentage and rank of ragweed in winter wheat and maize in Hungary, based
on the national arable weed surveys (NWS) [16].

1st NWS 2nd NWS 3rd NWS 4th NWS 5th NWS 6th NWS
1947-53 1969-71 1987-88 1996-97 2007-2008 2018-19
Crop Type
Rank of Cover Rank of Cover Rank of Cover Rank of Cover Rank of Cover Rank of Cover
Order % Order % Order % Order % Order % Order %
Winter wheat at the 20 0.3620 12 0.6345 4 0.9990 4 1.6331 2 1.9441 2 1.3224
beginning of summer
Winter wheat stubble 13 1.4549 4 2.6263 1 3.7453 1 7.42 1 6.095 1 5.2413
Maize at the beginning 15 0.4 10 0.7969 4 24879 3 3.9022 2 5.4 1 4.6586
of summer
Maize at late summer 18 0.4232 6 1.1680 4 4.1458 1 7.7734 1 8.7159 1 8.3943
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During the first, second, third, fourth, fifth and sixth NWS, the cover of A. artemisi-
ifolia reached 0.39%, 0.87%, 2.57%, 4.7%, 5.3% and 4.85%, respectively, with regard to the
combined data of wheat and maize. It has been considered to be the number one weed
species in maize and cereal stubble for several decades.

3. Morphology

Ambrosia artemisiifolia L. is a summer annual herbaceous plant of the family Asteraceae.
On average, it is a 120-140 cm tall, much-branched plant with densely haired, erect stems
and short-stalked leaves, which can be sessile to double-stalked (Figure 1). The stalks are
ovate and flaky. Male flowers are in racemes at the ends of the branches. Female flowers
are lower down in the axils of the leaves. The fruit-bearing nests are uniflorous, and the
fruit is enclosed in a hairy, six-toothed sheath that falls off with the fruit. Some individuals
have few or no stamens. These have only female flowers. Some female flowers also occur
in prosocial nests.

Figure 1. Ambrosia artemisiifolia L. (common ragweed): (a) seed/achene; (b) seedling bottom view;
(c) seedling; (d) flowering shoots; (e) stem with roots [18] (drawn by Krisztina Bird, under legal
protection of copyright).

Its fruit is a recurved ovate catkin, 2.5 mm wide and 3.5 mm long, with a terminal
spike up to 2 mm long in the middle, usually surrounded by a ring of 1 mm long spines.
The outer layer of the seed is hard. Inside is a whitish, oily and soft core surrounded by a
brown membrane. Roots are deep-rooted stakes [2,18,19].

The A. artemisiifolia L. has three known varieties: var. artemisiifolia; var. elatior and
var. paniculata (Table 2) [20].

The petiole of the cotyledon is ovate and short-tongued. The first lobed leaves are
transversely transverse and winged, and the later leaves are scattered [13]. The leaves are
highly variable morphologically, which is influenced by leaf age. Because of its leaves, it
is often confused with the ornamental plants commonly planted in gardens, as the stink-
rose/flowering rose (Tagetes patula), tomato (Solanum lycopersicon) and the black wormwood
(Artemisia vulgaris) [21].
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Table 2. The morphological stamp of the different varieties [20].

Varietas

Leaf

Stem

Flowers

Seeds

Flowering Time

Ambrosia
artemisiifolia var.
artemisiifolia

The leaves generally
bipinnatifid with
larger segments

Stem four to
six feet high,
branching; the
lateral branches
overgrow the
primary stem

Involucre fully
4 mm wide;
pistillate flowers in
small clusters in the
upper axils

The seeds are
2.5-3 mm long,
beak fully 1 mm
long, short
5-7 spines

August—
September

Ambrosia
artemisiifolia var.
elatior

The leaves all
bipinnatifid with
acute segments

Stem four to
seven feet high;
lateral branches

shorter then stem

Involucre about
3 mm
wide and the
pistillate heads in
small clusters in the
upper axils

The seeds are
3 mm long, beak
more than 1 mm

long; short
5-7 spines

July—September

Ambrosia
artemisiifolia var.
paniculata

The lower leaves
compounded,
upper leaves simply
pinnatifid; green on
each side;
Lanceolate segments

Stem two to
four feet high and
branching

Involucre 3 mm
broad, pistillate
heads in small
clusters in the
upper axils

Seeds are rugose,
2 mm long, short
5-7 spines, the
beak 0.5 mm long
or less

July—September

4. Life Cycle
4.1. Germination Biology

The field emergence of common ragweed in Hungary generally starts at the end of
March. Its peak emergence occurs from mid-April to mid-May. After that, to a lesser ex-
tent, it can emerge until the first frosts under the moderate climate [14]. Temperature is
believed to be the most important factor in germination regulation [22]. Emergence time
significantly affects biomass, pollen and seed production. In agroecosystems, seeds that
emerge in April are able to produce 3000-4000 seeds for an individual plant, while seeds
that emerge later (in August) can produce only 12-16 seeds [23]. If young ragweed plants
can develop without intra- and interspecific competition, their shoot dry biomass, pollen
and seed production are much higher [3]. However, the emergence time also influences
biomass production. Besides these, the temperature, rhythm of temperature change, light,
humidity, and CO; concentration also significantly affect germination [24]. Nevertheless,
it is presumed that the leading cause of the rapid spreading of ragweed is anthropogenic
in origin. Soil disturbance and plant production contribute essentially to the ragweed inva-
sion [15]. Because hot, dry summers can cause secondary seed dormancy, field emergence
does not occur during these hot, dry summers. Most of the freshly ripened seeds are in the
dormant stage in the soil, while only a tiny proportion (ca. 10%) emerge within a year [3].

Germination is delayed by low temperature and wet conditions, low light intensity
and high salt concentration [25]. Hall et al. [26] examined the seed weight of the popula-
tions derived from different countries and found that the seed weight of ragweed varied
between 4.7 mg and 8.8 mg. Germination of various seed populations was also examined,
and they concluded that neither seed weight nor carbon/nitrogen proportion significantly
influenced germination rate [25,26].

Based on the work of Hall et al. [26], the place of origin of the seeds can also greatly
influence the germination rate. Further, the age of the ragweed seeds also seems to be es-
sential in germination. Younger seeds can germinate earlier as compared to older seeds.
Regarding soil water potential, —0.06-0.00 mPa is favorable, while under —0.08 mPa means
ragweed seeds are not able to germinate. Ragweed can also be found in saline and coastal
areas, indicating that it can tolerate high concentrations of salt. However, seeds can ger-
minate from a 7 cm soil layer, or even a deeper one, but seedlings cannot reach the soil
surface (they germinate but do not emerge). These seedlings die in the soil after the en-
dosperm’s food reserves are exhausted [5]. According to Guillemin and Chauvel [25], the
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maximum emergence depth is 8 cm. According to Sang et al. [27], seeds sown in 0—4 cm of
soil depth germinated in 75% of cases, while seeds buried in 6 cm of soil depth germinated
in only 2.5-0.5% of cases. Light seems to promote germination since seeds exposed to 12 h
of light germinated in 97%, while seeds in the darkness just in 75%. Nevertheless, soil type
and diffuse light availability can greatly influence weed seed germination. The seeds are
able to germinate both in dark and light. The light requirement of germination strongly
depends on the dormancy level, the place of origin, the age and the storage conditions be-
fore germination. Besides these, the germination temperature may be also an influencing
factor [3,28].

Seeds of the persistent weed seed bank can remain viable for decades. Silc [29] re-
ported that ragweed seeds can keep their viability in the soil for more than 20 years.
Chikoye [30] and Oberdorfer [31] stated that seeds can keep their viability for 30 to 35 years,
respectively. The time greatly depends on the soil type and burial depth. Farooq et al. [32]
collected two populations of ragweed seeds, the first one derived from the western part
of Turkey (Thrace), and the second from the north-eastern part of the country (next to the
Black Sea). Collected seed samples were tested for different abiotic environmental factors
for germination, e.g., temperature, pH, salt stress and alteration of light and dark peri-
ods. Ragweed gave the highest germination rate when the seeds were exposed to 12 h
of light and germinated between 23 to 25 °C. Seed populations influenced the optimum
pH for germination; seeds derived from the north-eastern part of the country (next to the
Black Sea) were 7.43-6.69, while in the case of seeds derived from Thrace, it was between
7.72 and 8.22.

Based on Béres’s work, [33], its mass emergence in Hungary starts when the temper-
ature of the upper soil layer is above 6 °C. Germination is significantly reduced at high
temperatures. Shrestha et al. [34] reported 30.9 °C for optimum germination, while the
upper maximum is 40 °C. Béres [33] reported that the optimum temperature for ragweed
germination under laboratory conditions is the alternating 10/23 °C. Sang et al. [27] re-
ported that 70% of the seeds can germinate at 200 mM/L NaCl concentrations, and a rapid
decrease can be observed as the concentration increases up to 400 mM/L. In this case, the
germination rate is 5-12%. When NaCl concentration is as high as 500 mM/L, ragweed
seeds fail to germinate. Farooq et al. [32] characterized the effect of salt stress with the
value of Tsp, which means the salt concentration is such that, as a result, half of the seeds
cannot germinate.

Furthermore, there are significant intraspecific differences regarding the germination
behavior between seed populations derived from the roadsides and arable fields. Ts; val-
ues for roadside seeds are higher (2.327 mM/L for Black Sea seed and 332 mM]/L for Thrace
seed, respectively). T5q values of arable-field seeds are lower (201 mM]/L for Black Sea seed
and 229 mMY/L for Thrace seed, respectively). This is probably related to the fact that due
to the salting of roads at low temperatures, seed populations in such roadside areas have
adapted better to salt stress. Based on the work of Picket-Baskin [35], the stratification
time greatly influences germination. The soil temperature and wet conditions influence
buried ragweed seeds’ viability [14]. Under natural conditions, the primary dormancy
of the freshly harvested seeds in October generally ceases by January or February of next
year [36]. Cold stratification for 15 weeks resulted in a higher germination rate at lower tem-
peratures when seeds were stored for 11 weeks and germinated at a higher temperature.
Willemsen [37] stated that 4 °C is the optimal temperature for seeds to break dormancys; it
took only 2 weeks in wet and dark conditions. To fully ripen seeds, ragweed requires cold
treatment between 4 and 11 °C for 15 weeks [38]. Kazinczi et al. [39] reported a decrease
in ragweed germination rate when seeds were stored under dry conditions after 5 years
of dry storage. Generally, it can be said that the treatments to overcome seed dormancy
greatly depend on the weed species (or even intraspecifically), on the biotic and abiotic
stresses on the mother plant, and on the level and type of seed dormancy.
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4.2. Vegetative Development

A. artemisiifolia belongs to the C3 photosynthetic type of plants [40]. After its germi-
nation, an intensive vegetative development will start in the May and June months [14].
According to Szigetvari-Benkd [4], the peak of producing large vegetative biomass is in
the middle of July and continues even until the peak of flowering in August and Septem-
ber. Weed individuals growing under warmer climatic conditions have been characterized
by alonger vegetative phase [41]. The intensity of vegetative development greatly depends
on temperature. Individuals after flowering can grow, but only with the elongation of the
internodes. Shoot branching occurs 3—4 cm from the soil surface. Adventitious buds can
reshoot and develop adventitious shoots on mechanically injured shoots [24] and adven-
titious roots from the shoots can also emerge (Figure 2). The maximum rate of vegetative
development of ragweed occurs directly before the appearance of the male flowers. After
flowering, the vegetative development slows down but does not stop [33]. The vegetative
and generative productivity of ragweed plants is influenced mainly by some environmen-
tal factors such as the interaction of temperature, precipitation and soil type. The optimal
shoot and root growth occur at 29.5 °C to 31.4 °C, respectively. The plant terminates its
growth at temperatures above 43 °C [34]. The leaf area and dry shoot weight of an average
developed ragweed plant are 12.000 cm? and 450 g, respectively [33], but the emergence
time and competitive conditions can greatly influence it [26]. Plants that emerge in April
and develop without intra and interspecific competition could produce 1.550 g shoot dry
biomass, while plants that emerged later (at the end of summer) could produce only 26 g
shoot dry biomass.

Figure 2. Adventitious root development from shoots (source: Ferenc Pal-Fam).

4.3. Generative Development

Flowering is induced by the continuously decreasing day length after the summer
solstice. The flowering time is delayed if the photoperiod is longer than 14 h [24]. Within
an individual plant, the proportion of the male and female flowers is approximately 50-50,
but the ratio shifts due to the late emergence [14]. A complex regulation mechanism in
the vegetative phase of ragweed determines the further development of floral meristems
to male or female flowers. Based on the expression pattern of floral genes in this pathway,
it was determined that ragweed is a short daylength species and the flowering induction
depends on phytochrome B-related light signals. Floral identity in ragweed is decided just
in vegetative growth. It is likely that in female flowers floral organ development is induced
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through the LMI-CAL regulation, while in male flowers the stamen and carpel forming
AP2 and PI genes were found to be exclusively expressed in the generative phase [42].

Ragweed is a wind-pollinated species, and to get fully ripened seeds, it generally re-
quires 40-60 days after fertilization [5]. Seed production can greatly vary
(avg. 3.000-62.000 seeds/plant), depending on competition conditions and on biotic and
abiotic factors. Regarding the fact that it has no special seed dispersal strategy, most of the
ripened seeds fall within two meters of the individual [3,22]. Seed production is closely
related to vegetative biomass [24,43,44]. The pollen size of ragweed is relatively large
(15-25 um) [14]. However, the volume of pollen and seed production depends mainly
on vegetative production. Temperature and rainfall also play essential roles in their de-
velopment [43]. Plants grown on wastelands can produce smaller amounts of pollen and
seed, while those grown under arable conditions can be characterized by higher generative
production. The generative production of ragweeds varies in the case of different popu-
lations from different European countries. The Romanian and Croatian ragweed popula-
tions achieved the highest pollen amount (104,109 pollen grains/m?) and seed production
(67,103 seeds/m?). Out of the total populations from different countries (France, Switzer-
land, Italy, Slovenia, Croatia, Austria, Hungary, Slovakia, Poland, Montenegro, Romania,
Turkey and Armenia), the achievement of the Romanian, Hungarian and Croatian ragweed
populations is the largest [43].

Pasqualini et al. [45] examined the effect of ozone on ragweed pollen. They simulated
the ozone effect, which often occurs at higher concentrations under natural conditions,
especially in the air of large towns. Pollen viability (germinability) was 39 and 55.9% 7 days
after ozone treatment and without it, respectively. The quantity of the reactivated oxygen
forms was also measured. Still, there was not a significant increase in the examined period,
so oxidative stress in the pollen grains was not observed. Despite this, the lower viability
of ozone-treated pollens was most likely due to membrane injuries.

The pollen production of an averagely developed ragweed individual may vary be-
tween 2 and 8 million pollen grains. Male flowers create bell-shaped nest whortls (inflores-
cence). The diameter of a male inflorescence is about 2-3 mm. The inflorescence is opened,
the flowers are located spirally and they open from the outside to the inside. Generally,
flowers can develop continuously, and flowering can take a long time. On the male flow-
ers, we can observe a strongly retarded female derivate, the so-called pistillodium. After
the primary pollen spreads, it grows and pushes out the remaining pollen grains from the
ports. Male flowering generally starts in the middle of July and takes a long time: over
2-2.5 months. Female flowers begin to bloom two weeks after the males and continue un-
til the first frosts [46]. Generally, there are 17 male flowers within an inflorescence. One
flower contains about 7000 pollen grains, so 119 thousand pollen grains can scatter from
1 male inflorescence [3].

Ragweeds developed on wheat stubbles can produce lower amounts of pollens and
seeds. At a weed density of ragweed individuals/m?, pollen production is 3996 billion,
while seed production is 16 thousand per square meter [47]. Seeds that emerge later (in
June and July) can flower for 80 days and need 155 days until they ripen their seeds.

The male flowers open 7-10 days earlier than the female ones, and flowering starts
earlier on the main shoot than on the branches [48]. In the case of some European popula-
tions, the occurrence of female flowers on an individual plant is exclusive; the presence of
the male ones cannot be detected [24,49].

Under glasshouse conditions, Wayne et al. [50] examined the enhanced level of CO,
concentration on the pollen production of ragweed. The results of the tests showed that,
although the size of the pollen grains did not increase due to the increased carbon dioxide
level, the amount of pollen production proved to be 61% higher with the increased concen-
tration of atmospheric CO,. Due to the different ecological factors in the different habitats,
significant differences exist regarding the flowering period. Under the cooler climate, the
plants start to flower earlier, and the pollen season takes longer [41]. Gentili et al. [51] stud-
ied the effect of temperature on pollen production. Temperature regimes were 14-18 °C
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(low), 20-24 °C (medium) and 26-30 °C (high). It was concluded that the growth rate was
larger at higher temperatures (26-30 °C). Consequently, the proportion of male flowers
and pollen production was higher. The higher temperature also promoted the synthesis
of the allergenic proteins. Due to the enhanced temperature and higher pollen production,
climate change can significantly contribute to the enhanced level of allergenic diseases. Al-
though higher temperatures favor ragweed development, extreme meteorological events
hinder its spread and development. Observations of the latest years indicated in Hungary
that the increasing spread of A. artemisiifolia var. elatior (vs. A. artemisiifolia var. artemisi-
ifolia) makes the start of the pollen season three weeks earlier [17].

4.4. Effect of Climate Change on the Spread and Harmful Effect of Ragweed

Climate change can induce physiological, biochemical and phenological changes in
a plant species occurring in a given area [52,53]. As a result, the spread of A. artemisiifo-
lia can be expected to the north, as the unfavorable conditions that have existed thus far
will gradually change, and parallel with this, ragweed populations adapt to those condi-
tions. So, we can conclude that the potential spreading area of ragweed will grow on all
continents [12,15,53-58]. Out of the changing environmental factors, the enhanced level of
CO; can significantly contribute to its future successful spread [15,50,59]. Consequently,
pollen production will be higher, leading to an increase in the number of respiratory dis-
eases [50,59]. Aside from this, due to the higher temperature occurring in the spring, the
germination of ragweed will happen earlier. So, the flowering time and pollen scattering
will start earlier, and the pollen dispersal period will be extended [60]. The expression
level of the Amb a 1 gene will be enhanced due to the enhanced levels of CO, and drought
stress, and the allergenic effect of the pollen will be stronger [60,61].

An enhanced level of temperature (minimum, maximum and average) results in a
higher amount of pollen production [51,57]. Due to the additive effect of a higher tem-
perature and CO; level, the vegetative biomass production will increase, and this fact will
also contribute to higher pollen production. Pollen production increases as individual
flowers emit more pollen or larger flowers develop [43,62]. However, intense summer
droughts and extreme temperature values due to climate change can be serious limiting
factors for ragweed.

August minimum precipitation is a determining factor in its spread [15]. Under arid
conditions, the expression of the gene responsible for pollinosis increases [63]. In the drier
regions of China, the spread of ragweed is limited by low rainfall [58]. The amount of pre-
cipitation in April is believed to be a determining factor regarding ragweed infestation in
Hungary [64]. The interactions between ragweed and its natural enemies—e.g., Ophraella
communa—can change. Ragweed phenological stages shift and changes and shifts in natu-
ral enemy generation may occur.

Regarding its life cycle, considerable field emergence may occur even in autumn,
when the temperature and soil moisture content are enough for its germination. In spite of
the fact that young ragweed seedlings do not survive winter frosts, they may be potential
competitive partners of late summer, autumn-sown crops, such as winter rape and winter
cereals (Figure 3) [52].
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‘g ‘g secondary dormancy

Figure 3. Life cycle of common ragweed in Hungary (modified after Béres-Biré [18]) (drawn by
Krisztina Bird, under legal protection of copyright).

5. Importance and Harmful Effects
5.1. Economic Importance

A. artemisiifolia is believed to be one of Europe’s most noxious invasive weed species.
It has a strong competitive ability and allelopathy too. Its wide distribution is due to its
good adaptation ability to different ecological conditions [1]. It causes the biggest prob-
lem in spring-sown wide-row crops. Out of them, the maize sowing area is the largest
in Hungary (ca. 1 million ha) [65]. A. artemisiifolia is considered an invasive plant of the
most significant economic importance [66]. It can be found in almost all arable crops and
can cause considerable yield losses. Besides agriculture, it can be found in other habitats
as well, like non-cultivated fields, stubbles and along linear constructions (railway, high-
roads, etc.), and in interior areas around construction sites, where soil disturbance occurs
regularly [21]. A lot of biotic and abiotic factors play an important role in the spreading of
ragweed. The most important ones are the fact that there are a few natural host-specific
enemies in Europe, human faults (like the increase of uncultivated lands and the lack of pro-
fessional knowledge), increased hobby gardens, crop seeds infested with ragweed seeds,
expensive weed management technologies and the appearance of herbicide-resistant bio-
types [3]. Kolejanisz [67] proved that management factors proved to be stronger predictors
in terms of ragweed infestation than environmental ones. This information may be impor-
tant regarding the more accurate prediction of the future spread of ragweed since so far the
forecasts have been largely based on climatic data. Ragweed is a low-demand species. Its
occurrence is not relevant in the forest. Although forest plantings cause soil disturbance,
machine-maintained forest roads, mowed roadsides and ditches are suitable for ragweed
when sufficient light reaches the soil [68].

Without weed management, ragweed could cover 340,000 ha of Hungary’s
6.5 million ha arable land (5.33%). Based on an 862 EUR/ha income, the infestation should
have caused a EUR 293 million loss of income in 2012 [3]. Except in cases of delayed crop
emergence and arid conditions, ragweed has no detrimental effect on cereals. In unde-
veloped stands (because of internal water, frostbite, pest injuries, etc.) and at the end of
vegetation due to the lower weed suppression ability of wheat, it may cause problems. It
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causes the biggest problem in row crops, where the protection against them already starts
in the forecrop or on the stubble of the forecrop [68,69].

In additive competition studies, the effect of weed density on crop yield can be studied.
Lehoczky et al. [48] examined the ragweed density on wheat stubble three weeks after
harvest. Ragweed was able to create an average density of 20.9 individuals per m?. Varga
et al. [70] studied the competition between ragweed and sunflower. Based on their results,
in the case of 10 individual ragweeds per m?, the yield quantity of maize was reduced by
37%. In an experiment in Keszthely (Hungary), 1 individual per square meter caused a 25%
yield loss. As the weed density increased (2-10 plants/m?), the yield loss also increased by
30-33%. Hall et al. [26] studied the effect of A. artemisiifolia on soybean. A total of 5 ragweed
in the pot decreased the cv. Albena variety biomass production by 11%, and the cv. Mentor
variety biomass production by 26% compared to the control. At harvest time, cv. Albena
had 51% less aboveground dry weight when 5 ragweed were in the pot as compared to the
control. The “Mentor” variety had the lowest (33%) loss in the aboveground dry weight
mass when 5 ragweed individuals were in the pot.

5.2. Human Health Injuries

Ragweed was introduced into Europe and found to have favorable conditions in the
moderate climate, spreading widely in these areas. The highly allergenic ragweed pollen
quickly induced public health problems [71]. Wyman [72] was the first to describe aller-
genic disease due to ragweed pollen. Ragweed is responsible for more allergenic disease
than the other allergenic plant species [73]. A medium concentration can cause allergic
reactions in people susceptible to ragweed pollen, whereas a high concentration causes
allergic reactions in all patients. In Hungary, countrywide regular pollen monitoring has
been working for along time (81) and a ragweed pollen alarm system also exists. Regarding
the period between 1992 and 2008, the pollen concentration increased until 1999 but then
decreased until 2007. It can be explained by the fact that the summer periods between 1999
and 2007 were hot and dry, which led to a reduced pollen concentration [74]. The ragweed
pollen concentration increases in the air nowadays, which is often at on extremely high
level [75]. Untreated or improperly treated ragweed allergies can turn into asthma [76].

The Amb a 1 gene is firstly responsible for forming an allergy [77]. Wopfner et al. [78]
inform us about nine genes of ragweed accountable for pollen allergy (see Table 3).

Table 3. Allergens of ragweed (after Woepfner et al. [78] and Buters et al. [76]).

Allergen IgE Description/Biological Function Molecule Size (KDa)
Ambal >90 pectate liase 38
Amba?2 70 It is 65% identical to the Amb 1 gene 38
Amba3 30-50 - 11
Amba4 10-20 N-terminal 101 aa sequence -
Ambab 10-20 - 5
Ambaé 20-35 mild allergen 10
Amba7 20 nsLTP 12
Amba 8 35 N-terminal 38 aa sequence 14
Amba9 10-15 profilin 9
Amba 10 - polcalcin, Bet v 4 homolog -
Amba 11 66 Ca-binding protein 38

Buters et al. [76] described 11 allergenic genes. Amb a 11 —next to the Amb a 1—is
considered a critical gene to induce allergy. Farkas et al. [79] examined the expression of
allergenic genes derived from the populations collected in Hungary. They stated that in
the male flowers, the expression levels of the Amba 1, Amba 3, Amba4, Ambab, Amba 6 and
Amb a 8 genes are incredibly high. The highest was in the case of the Amb 5 gene in the male
flowers. Amba 1, Amb a3 and Amb a 8 were expressed in the female flowers, but to a lesser
extent. All genes, except Amb 6, were expressed in the leaf samples, with Amb 12 expres-
sion being twice as high as in the male flowers. These results suggest that those allergenic
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genes expressed in the leaves can play a role in metabolic processes and stress responses.
Its significance for human health is supported by numerous publications on pollen pollu-
tion in populated areas and ragweed weed management methods [80]. High pollen con-
centrations cause severe problems in pollen-sensitive populations [81]. Ragweed pollen
can induce an allergic reaction in a lot of people. In Europe, ca. 23.2 million people show
sensitivity to ragweed pollen. The highest pollen concentrations are detected in the Great
Pannonian Plain, the Po Plain and the Rhone Valley (Figure 4) [82].

[ ] oeoo [ 40000 [N 00-toc0 [ 20003000 [ 000-scco
l:l 200400 l:l B00-B00 - 1000-2000 - 30004000 - 5000~ 10,000

Figure 4. Pollen scattering of ragweed in Europe (number of grains per cubic meter of air) (after
Schaffner et al. [82]).

The Bratislava air pollen concentration was analyzed between 2002 and 2007 by
Chrenova et al. [83]. During the main flowering period of ragweed, the pollen concentra-
tion exceeded 150 pollen grains/m> for some days and remained consistently above
50 grains/m3. In many cases, its concentration was above 300 grains per m> in the air.
Pollen allergy to ragweed is probably one of the most common health problems in Eu-
rope. The number of people showing pollen allergenicity will increase twice in the future,
and it may rise from 33 million to 77 million between 2041 and 2060. Climate change
will increase the pollen concentration and extend the pollen season, which can last un-
til October [84]. Ragweed can produce about 1.2 billion pollen grains for an individual
plant. Ragweed pollen causes hay fever during its flowering period in late summer and
early autumn, making it the leading cause of hay fever caused by allergens [85]. Jager [86]
stated that the maximum pollen concentration was at night in Vienna in the 1980s; at the
end of the 1990s, the maximum pollen concentration was in the late afternoon and early
evening periods. The reason for this change is that the primary pollen source becomes lo-
cated closer to the city. It is presumed that the spreading speed of pollen is 20 km/h from
the Carpathian Basin towards western parts of Europe. This hypothesis was proven later
when Kazinczi et al. [9] confirmed that its intensive spread could be detected in Austria,
Germany and Switzerland since the end of the 2000s. Pollen concentrations in the air are
10 g/m3, 30 g/m® and 100 g/m® (medium, high and extremely high, respectively).
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According to Juhasz-Juhasz [87], ragweed pollens account for the majority of seasonal
pollen concentration (60-71%). There are 30-35 million pollen grains in 1 gram of pollen.
The primary cause—at least 50 percent of pollinosis—is due to the presence of ragweed
pollen and other co-factors. According to some surveys, pollen density during the main
flowering period can exceed 20,000 pollen grains per m3. In Hungary, 20-25% of the pop-
ulation shows sensitivity to ragweed pollen; therefore, this is considered one of the major
research areas in medical sciences [21]. Considering the Great Pannonian Plain, the highest
pollen concentration occurs in the southern part (Vajdasag), around Szeged town, and in
the southern part of the trans-Danube region (around Pécs town) [4].

6. Habitat and Environmental Requirements of Ragweed

Ragweed prefers open habitats. It can be found under all environmental conditions,
except extreme environmental factors and a lack of light. It spreads almost immediately
in large, bare areas. It is believed to be the most characteristic plant species in the first
years of disturbed areas. It is a permanent companion plant for construction and field-
work. Its permanent presence is typical in areas where soil disturbance is frequent (arable
fields, along roads) and where human interventions are regular. Today, it is also present in
significant quantities in narrow-row cultures [88]. It is absent from semi-natural habitats
without soil or other human disturbance [48]. The extremely high prevalence of ragweed
is due to its excellent adaptation ability to various environmental factors. Sandy soils are
most favorable for ragweed, followed by Ramann’s brown forest soils and then meadow
soils [1]. A slightly acidic pH is favorable for ragweed development, but at a lower pH
(around 5), the allergenic effect of pollen increases [51]. Ragweed favors calcareous soils,
but the lower calcium concentration is not a limiting factor for its occurrence in acidic
soils [89]. From the point of view of ragweed infestation; soil mineral composition, like
Mn-, K- and Na-content; May temperatures and annual and April precipitation are also
important factors [64]. A. artemisiifolia is a nitrophylous plant species, and its development
is considerably promoted after nitrogen application. Among the forms of nitrogen applied
on meadow soils, the Péti salt (ammonium-nitrate + dolomite powder) had the strongest
effect, while urea proved to be the most effective on brown forest soils and sandy soils [1].

Dickerson [22] studied the effect of shading on the ragweed and found that 70% of the
shadow was not efficient for the ragweed. The 30% shadow had no negative impact on the
development. Ragweed belongs to the so-called “arid tolerant species’, meaning that the
water-saturated leaves can lose 70% of their maximum water content without irreversible
injuries. The sublethal water saturation deficit of ragweed (WSDgy,) is above 70% [3].
Ragweed can survive on soils contaminated with heavy metals (Ni, Zn, Cu and Cd). Téth
and colleagues [90] and Pichtel et al. [91] conducted research in which the accumulation
of lead (Pb) from electronic waste was simulated to see how A. artemisiifolia behaves in the
event of lead accumulation in the soil. Ragweed showed a high tolerance to lead. The roots
could accumulate 1600 mg/kg without lethal effects. Ragweed has been characterized by
a broad ecological amplitude and a high light requirement during the intensive growth
phase; after that (during the flowering period), it does not require as much light.

7. Allelopathic Effect

Out of interference among higher plants, not only competition but allelopathy —a
type of chemical interaction—is also characteristic of ragweed [92]. Ragweed can produce
water-soluble extracts, which can influence the development and physiological processes
of the donor plant species [49,92]. Earlier studies proved that ragweed as a donor plant
may play an important role in agroecosystems, but its role as a test plant is less important.
For example, ragweed is able to utilize minerals from sunflower water extracts, which are
known for their inhibitory effect [65]. Briickner [93] examined the effect of ragweed on
the development of donor plants. The leaf extracts showed the highest inhibitory effect
out of the plant parts. Allelopathy may play an essential role in the spreading of a plant
species, especially in the case of some invasive alien species, such as A. artemisiifolia. Not



Agronomy 2024, 14, 497

13 of 18

only water but organic extracts can significantly retard the germination of the test species
by 20-54% in maize, soybean, bean, pea and sunflower [94].

Kazinczi et al. [65] examined the effect of Helianthus annuus, Convolvulus arvensis, Abu-
tilon theophrasti and ragweed extracts on the development of ragweed. They found that
neither root nor shoot biomass reduction happened as compared to control. Despite this,
the sunflower extracts significantly enhanced the ragweed biomass. The opposite effect
was observed in the cases of velvetleaf (Abutilon theophrasti) and C. arvensis extracts and,
based on the results of Szabo et al. [95], ragweed plant residues and its water extracts
(when residues were incorporated into the soil or the extracts were used for irrigation,
respectively) proved autotoxic for themselves. The experiments of Su et al. [96] show
that A. artemisiifolia and A. trifida also have a quantity-dependent autotoxicity. The 0.1 g
100 mL~1;1g100 mL~! and 2 g 100 mL ! plant extract concentrations have positive effects
on germination of themselves. But 5 g 100 mL~; 10 g 100 mL~! concentrations inhibited
the germination. In the case of A. artemisiifolia, 5 g 100 mL~! has a 2% inhibition rate and
10 g 100 mL~! has a 38% inhibition rate for germination. Vidotto et al. [97] investigated rag-
weed’s allelopathic effect on barley, lettuce, tomato, alfalfa and wheat. Different parts of
ragweed at different concentrations were incorporated into the soil of the pots. Methyl cof-
feateant residues stimulated seed germination but reduced the development. Ragweed’s
allelopathic effects are primarily due to phenolic and terpenoid compounds [93]. Sucur
et al. [98] identified the phenolic compounds of A. trifida and studied the effect on sun-
flower, maize and soybean in three-term ratios 1:3, 1:1 and 3:1 (weed: crop). The highest
lipid peroxidation was detected in the sunflower leaves at a 3:1 ratio. The maize lipid per-
oxidation was moderated and an increase was detected 10 days after sowing. But 14 days
later, there was no significant increase in lipid peroxidation. In soybean, no lipid peroxida-
tion increase was detected. The maize and soybean increased antioxidant enzyme activity,
which could be the explanation for the moderation and no lipid peroxidation increase. The
identified components were 8.9 pg/g protocatechuic acid, 4.5 ug/p-hydroxybenzoic acid,
3.55 ng/g vanillic acid, 1.75 pg/g syringic acid, 0.96 pg/g p-cummaric acid and 0.7 ug/g fer-
ulicacid. A. trifida and A. artemisiifolia have almost the same allelopathic effect on the crops.
Scepanovic et al. [99] examined the allelopathic effect of some phenolic acids on A. artemisi-
ifolia. These phenolic acids are gallic acid, caffeic acid, ferulic acid, vanillic acid, syringic
acid, p-hydroxybenzoic acid, protocatechuic acid, chlorogenic acid, p-cumaric acid and a
mixture of these. The lowest concentration was the natural phenolic concentration found
in cover crop plants’ dry tissue (Sinapis alba, Raphanus sativus and Camelina sativa). The ex-
periments showed that caffeic acid, gallic acid and syringic acid have inhibitory effects only
at higher dosages. The mixed components had the highest inhibition effect on A. artemisi-
ifolia. Su et al.’s [96] experiments showed that the two main germination inhibitors were
chlorogenic acid and vanillin. A total of 20 ug 100 mL~! vanillin has a 2% germination
inhibitory effect, and 1000 and 2000 g 100 mL~! vanillin had a 16% germination inhibitor
effect. A total of 1500 pg 100 mL~! chlorogenic acid had a 2% germination inhibitory effect,
and 3000 pg 100 mL~! chlorogenic acid had a 38% germination inhibitory effect.

8. Beneficial Effects of Ragweed

Although ragweed is known for its harmful effects, it has some favorable character-
istics as well. Pichtel et al. [91] showed that the high Pb accumulation of ragweed makes
it capable of eliciting Pb content from the soil without causing plant injury. Ragweed is
believed to be a medicinal plant; tea made from the flowering shoots is effective against
stomach diseases and local bleeding. Leaf cooking is suitable for treating skin diseases
and preventing eye irritation. It can be used for animal feeding, and its seeds (achenes)
are used for the feeding and winter survival of birds because the seeds are rich in oil and
nutrients [100].
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9. Conclusions

The common ragweed (Ambrosia artemisiifolia L.) originated from the Sonoran Desert,
and spread over a large area on several continents around the world. It is spreading
rapidly, mainly due to anthropogenicinfluences, and in the northern hemisphere, its spread
is expected to continue northwards. Its invasion success is mainly due to its favorable bi-
ological characteristics such as long seed viability, high seed production, rapid vegetative
growth, etc. Its spread is also likely to be aided in the future by the effects of climate
change, in particular the rising temperature and the increase in anthropogenic CO; in the
atmosphere, which is also the main cause of climate change.

Since ragweed arrived in Europe in the 20th century, it has now become the most
important weed. In addition to its damage to agriculture, it causes major health problems
due to the allergies induced by its pollen during the flowering period for those who are
sensitive to it. With the increase in the number of individuals and their northward spread,
the pollen concentration in the atmosphere will increase, with a concomitant increase in
the number of people becoming ill. Overall, the success of ragweed is mainly connected to
anthropogenic activity (soil disturbance and CO; increase in the atmosphere). To reduce
its adverse effects on agriculture and human health, the number of ragweed individuals
should be reduced as much as possible.
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