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This paper contains the data obtained in the long-term studies of the features which characterize the growth and development of Сyclachaena xanthiifolia plants, as well as species and quantitative composition of associated weeds in various age-related cenopopulations with different ecologo-phytocenotic and anthropogenic influencing factors. It is determined, that the species and quantitative composition of the most common weeds in uneven-aged communities of Сyclachaena xanthiifolia plants was considerably varied, and the intensity of plant populations from emerging to maturity was decreased by about 10 times. The maximum intensity of emerging Сyclachaena xanthiifolia plants (412–321 pieces/m2), vital power level (4), and seed growing potential (80,5–93,8 thousand of seeds per plant) are characteristic for cenopopulations with a low anthropogenic impact, which are located within territories of livestock farms and along river banks with loose humid soils which are rich with organic substances.
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Statement of the problem. One of the actual problems of the modern farming agriculture is associated with the naturalization, in agriculture crops, of new adventitious-type weeds, which can successfully compete with existing weeds as well as with cultivated plants. The propagation of such adventitious weeds in agrophytocenosises causes the suppression of growth, reduction of harvesting capacity, and deterioration in quality of cultivated plants [12].

In recent years, such harmful weeds have been propagating in the Steppe Zone of Ukraine as invasion dicotyledonous weeds Сyclachaena xanthiifolia (Nutt.) Fressen, pertaining to the Asteraceae weed generation. These weeds are of North American origin and were imported to Europe in the 18th century [9].

The analysis of major studies and publications which discuss the problem. Recently it was supposed that Сyclachaena xanthiifolia weeds are conventional ruderal weeds, which grow exclusively on refuse dumps, wastelands, and dunghills, along roads, channels, fences, and power transmission lines, near houses, livestock farms, and warehouses, and in other ruderalized areas of plant growth [3, 14]. But in recent years Сyclachaena xanthiifolia weeds have been growing more often on field edges and abandoned fields, along field-protection woodland belts, and near field roads. From these areas, Сyclachaena xanthiifolia weeds propagate to adjacent agrophytocenosises, therefore many researchers consider these weeds as ruderal-segetal or segetal-ruderal weeds [2, 7, 9].

Сyclachaena xanthiifolia weeds grow predominantly on well-aerated soils, which are rich with nutrients. On these soils, the weeds generate significant amounts of seeds, quickly naturalize, and, as a result, due to large diffusibility, expand to new territories, where, growing without proper public control, sometimes completely oust other weeds from vegetation [1, 14]. The annual losses of gross harvest of agricultural plants at an average level of weed infestation of crops with Сyclachaena xanthiifolia weeds were equal to 20–50 % for agricultural plants sowed in close drills, and 40–80 % for agricultural plants sowed in broad drills [5, 11, 13]. The harvesting capacity of corn and sunflower was significantly reduced (to 40 %) even in the case of two weed plants per square meter. Further increase of the amount of weeds to 6–8 weed plants per square meter in sunflower crops and to 8–10 weed plants per square meter in corn crops caused loss of about half the harvest of these cultivated plants [10]. The pollen of Сyclachaena xanthiifolia weeds is considered as a strong allergen. Any contact with the pollen can cause seasonal allergenic diseases which are known as pollen diseases [8].

The purpose of the study was to determine the features which characterize the growth, development, structure, and trend of development of cenopopulations of Сyclachaena xanthiifolia weeds, in conditions with different ecologo-phytocenotic and anthropogenic influencing factors, in order to develop efficient methods for controlling the propagation of such weeds. 

Research objectives was to determine the species and quantitative composition of the most commonly encountered associated weeds in uneven-aged cenopopulations of Сyclachaena xanthiifolia weeds and their survivability in the process of ontogenetic development in conditions with different ecologo-phytocenotic and anthropogenic influencing factors.

Research materials and methods. The field studies and observations with analysis of their results were carried out in 2012–2014 in the conditions of the Left-Bank Steppe Zone of Ukraine in five cenopopulations of Сyclachaena xanthiifolia weeds for four age groups of weeds. The weeds of cenopopulation 1 grew near automobile roads on dry compacted soils rich with mineral substances. The weeds of cenopopulation 2 grew near livestock farms on loose relatively-humid soils rich with organic substances. The weeds of cenopopulation 3 grew near railway tracks on rocky and rubble soils lean with mineral substances. The weeds of cenopopulation 4 grew along streets on compacted black earth soils with medium content of nutritive substances. The weeds of cenopopulation 5 grew along river banks on fertile alluvial soils rich with water. The age groups of Сyclachaena xanthiifolia weeds were the following: j (juvenile plants) – 2–4 true leaves per plant; im (immature plants) – 5–12 true leaves per plant; v (virginal plants) – over 12 leaves per plant; g1 (young reproductive plants) – plants in the state of flowering; g2 – plants in the state of seed generation.

As the basic indicators characterizing the survivability of Сyclachaena xanthiifolia weeds in these cenopopulations, the intensity of weeds in the cenopopulations, the rate of development of weeds over the vegetation period, and the weed breeding power were proposed. These indicators were determined in accordance with the standard practice [4, 6].

The weeds were named in accordance with the Generalized List of Weeds in the Steppe Zone of Ukraine [9].

Results of the research. Сyclachaena xanthiifolia weeds are annual early spring weeds with late seed generation. The first large crops of such weeds appeared late in March and early in April, in cenopopulations 1, 2, and 4, and latest in the middle of April in cenopopulations 3 and 5. The weeds started to grow when the soil was heated to 3–6 ºC at a depth of 2–6 cm. The period from plant emerging to plant flowering was maximal (over 70 days) in the cenopopulation along automobile roads and minimal (about 40 days) in the cenopopulations along river banks and railway tracks. The period of flowering started at the end of May, or in the middle of June in the cenopopulation along automobile roads, where the growth and development of the weeds at the start of vegetation were suppressed due to significant fluctuations of temperature and humidity of soil. For this reason, the generative period was from the middle of June to the middle of July, for the weeds along automobile roads, and from the end of May to the start of August for the other weeds (see picture).
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Picture. The age spectrum of the most commonly encountered associated weeds in different Сyclachaena xanthiifolia cenopopulations
Within the period from the weed flowering to the start of seed generation, the average height of Сyclachaena xanthiifolia weed plants was 58–104 cm in cenopopulations 1, 3, and 4, which were exposed to the largest anthropogenic impact, and 189–264 cm in the other cenopopulations, which were exposed to a less anthropogenic impact. The average air-dry weight of a single weed plant was, correspondingly, 37–53 g and 214–273 g. The number of leaves per plant was, correspondingly, 12–16 and 30–45. The average total area of leaves per plant was, correspondingly, 6,1–16,2 dm2 and 28,8–48,5 dm2.

After the expiry of the generative period of development of the weeds in the cenopopulation along railway tracks, the weeds were intensively aging and, within the period from the middle to the end of August, were fading. The seeds which were generated within that period had completely shattered and were spreading due to wind and other factors. Later, after seed generation, at the start of September, the weeds located along automobile roads and near livestock farms faded, while the weeds located along streets and river banks had been generating seeds within the period from the middle to the end of October. A part of seeds (about 20 %) remained even on the completely faded plants.

As a result of the considerable difference of ecological conditions for growth and development of Сyclachaena хanthiifolia weeds in different cenopopulations, the species and quantitative composition of associated weeds was also significantly different (see Table 1).

Table 1. The species and quantitative composition of the most commonly encountered associated weeds in different Сyclachaena хanthiifolia cenopopulations in 2012–2014.

	Weed
	The number of Сyclachaena хanthiifolia weed plants of different age groups, pieces/m2

	
	j (juvenile plants)
	im (immature plants)
	ν (virginal plants)
	g1 (young reproducti-ve plants)

	Cenopopulation № 1 grew near automobile roads

	Сyclachaena xanthiifolia
	306,8
	201,4
	61,1
	13,5

	Ambrosia artemisiifolia
	45,7
	21,3
	9,3
	2,3

	Carduus acanthoides
	2,9
	2,5
	2,2
	2,8

	Lactuca serriola
	1,9
	2,6
	2,0
	2,0

	Berteroa incana
	1,8
	2,3
	1,8
	2,9

	Others
	4,1
	5,4
	5,6
	5,8

	Cenopopulation № 2 grew near livestock farms

	Сyclachaena xanthiifolia
	412,6
	291,8
	68,6
	41,9

	Amaranthus albus
	33,9
	20,9
	11
	11,4

	Chenopodium album
	2,4
	1,9
	2,2
	2,9

	Hyoscyamus niger
	2,4
	2,1
	2,5
	2,6

	Conuza canadensis
	1,7
	1,9
	1,9
	2,9

	Others
	6,2
	5,1
	5,5
	4,7

	Cenopopulation № 3 grew near railway tracks

	Сyclachaena xanthiifolia
	216,3
	112,3
	41,1
	12,3

	Chenopodium album
	33,2
	13,7
	9,9
	5,3

	Amaranthus albus
	1,9
	2,5
	2,3
	2,6

	Conuza canadensis
	2,2
	2,2
	2,0
	2,0

	Senecio vernalis
	1,9
	2,5
	1,9
	2,5

	Others
	6,0
	5,4
	6,0
	5,6

	Cenopopulation № 4 grew along streets

	Сyclachaena xanthiifolia
	247,7
	174,4
	60,2
	18,6

	Ambrosia artemisiifolia 
	30,1
	16,7
	13,2
	7,4

	Tripleurospermum inodorum
	1,8
	2,7
	2,1
	2,7

	Polygonum aviculare
	2,3
	2,5
	2,3
	2,4

	Malva pusilla
	2,0
	2,3
	2,3
	2,7

	Others
	4,4
	6,1
	6,4
	5,7

	Cenopopulation № 5 grew along river banks

	Сyclachaena xanthiifolia
	321,4
	200,4
	60,7
	41,1

	Solanum nigrum
	27,3
	24,6
	15,8
	11,1

	Echinochloa crusgalli
	2,1
	2,5
	2,3
	2,5

	Sonchus oleraceus
	1,7
	2,3
	2,5
	2,0

	Xanthium albinum
	2,5
	2,6
	1,8
	2,7

	Others
	4,8
	5,5
	5,2
	5,0



For cenopopulation 1, the basic associated weeds for Сyclachaena хanthiifolia weeds were Ambrosia artemisiifolia L., Carduus acanthoides L., Lactuca serriola L., Berteroa incana (L.) DC., Consolida orientalis (J. Gay ex Gren. & Godr.) Schroedinger, Lepidium ruderale L., Sisymbrium irio L. and other;  cenopopulation № 2 – Amaranthus albus L., Chenopodium album L., Hyoscyamus niger L., Conuza canadensis L., Echinochloa crusgalli (L.) P. Beauv., Atriplex sagittata Borkh. and other; cenopopulation № 3 – Chenopodium album L., Amaranthus albus L., Conuza canadensis L., Senecio vernalis Waldst. & Kit., Anisantha tectorum (L.) Nevski and other; cenopopulation № 4 – Ambrosia artemisiifolia L., Tripleurospermum inodorum (L.) Sch. Bip., Polygonum aviculare L., Malva pusilla Smith, Atriplex tatarica L., Lepidotheca suaveolens (Pursh) Nutt. and other; cenopopulation № 5 –Solanum nigrum L., Echinochloa crusgalli (L.) P. Beauv., Sonchus oleraceus L., Xanthium albinum (Widder) H. Scholz, Alliaria petiolata (M. Bieb.) Cavara & Grande, Pulicaria vulgaris Gaertn., Atriplex patula L. and other.

The intensity of juvenile Сyclachaena хanthiifolia weeds was maximal in cenopopulations 2 and 5 and equal, correspondingly, to 412 and 321 plants per square meter, that is, 89,9 % and 89,3 % of the total amount of weeds. The intensity of juvenile weeds in cenopopulations 1, 3, and 4 was somewhat lower and equal to  216–306 plants per square meter, that is 75,0–85,9 %. The part of immature weeds in all the cenopopulations was maximal and equal to 81,0–90,1 %. The intensity of virginal weeds was equal to 74,5–74,8 % in the cenopopulations located along automobile roads and near livestock farms, 68,7–69,6 % in the cenopopulations located along streets and river banks, and did not exceed 65,0 % in the cenopopulation located along railway tracks. The intensity of weeds within the period from a generative state to the end of vegetation were equal to 63,1–63,8 % in the cenopopulations near livestock farms and along river banks, where the plant nutrition conditions and plant moisture status were the best, and 41,6–47,1 % in the other cenopopulations with somewhat worse conditions.

The natural reduction of the intensity of weeds within the period from the juvenile state to fading is caused by the intraspecific competition of phytocoenosises for vital factors and by the genetically inherent intensity that is optimal for ensuring the viability and reproductive capacity of every weed plant and the whole weed association.

For example, the average seed growing potential of a single Сyclachaena хanthiifolia plant in cenopopulations 2 and 5 located near livestock farms and along river banks exceeded 80–93 thousand seeds in optimal ecological conditions, was reduced in less favorable conditions by 2,1–2,5 times in cenopopulation 4 and by 11–16 times in cenopopulations 1 and 3, which were extremely exposed to an unfavorable anthropogenic impact, and did not exceed 5,0–8,2 thousand seeds (see Table 2).

Table 2. The seed growing potential of Сyclachaena хanthiifolia weeds in different cenopopulations in 2012–2014

	Number of seeds, thousands pieces on 1 plant
	Cenopopulations

	
	1
	2
	3
	4
	5

	Minimum
	91
	2344
	26
	51
	1860

	Average
	8 297
	93802
	5000
	37994
	80516

	Maximum
	49118
	129026
	7884
	54002
	105108

	Absolutely maximum
	71316
	156173
	11156
	97060
	133774


The maximal breeding power of weeds was varying in a similar way and was equal to 105,1–129,0 thousand seeds per plant. The absolute maximal seed growing potential of a single Сyclachaena хanthiifolia was recorded in cenopopulation 2 located near livestock farms. 

Conclusion.
In the conditions of Left-Bank Steppe Zone of Ukraine, the first crops of Сyclachaena хanthiifolia weeds emerge in late March or in early April in cenopopulations located along automobile roads and streets and near livestock farms. The early seed generation and fading of weeds occur in the middle of July in cenopopulations located near railway tracks. The vegetation and seed generation of weeds located along streets and river banks extends to the end of October. The species composition of associated weeds in different cenopopulations of Сyclachaena xanthiifolia weeds contains such species, dangerous for farming agriculture, as Ambrosia artemisiifolia, Chenopodium album, Amaranthus albus, Conuza canadensis, and other. The amount of these weeds increases within the period from the emerging of Сyclachaena xanthiifolia weeds to the seed generation. The maximal intensity of emerging crops (312–412 plants per square meter), vital power level (4), and seed growing potential (80,5–93,8 thousand seeds per plant) of Сyclachaena xanthiifolia weeds are characteristic for cenopopulations with a low anthropogenic impact, which are located near livestock farms and along river banks with loose humid soils rich with organic substances.
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