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Abstract. Currently, less than 33% of arable land is used in Meshchovskoye Opolye. Optimizing
technology elements of resource-saving development of synanthropic fallow phytocenoses with complex
invasion is relevant. The article is devoted to analysis of development of self-organizing phytocenoses with
varying invasion degrees and their use on lands temporarily withdrawn from active agricultural use. Field
experiments were carried out on postagrogenic gray forest loamy soils in Kaluga Research Institute
of Agriculture in 2006—2018. Influence of mineral fertilizers as an optimization element of technology
of fallow development was studied using transects and permanent survey sites on the area of 12.0 ha.
The reasons for change in productivity and its determining elements in hayfields in autogenous — allogenic
phytocenoses were analysed. We established that economic value of plant communities was determined
by potential of constituent species and variability of their productivity in years with various environmental
conditions. 12 years later phytocenoses become homogeneous and consist of 10—12 main plant species,
determining green mass productivity by 75%. Compared to native species invasive plant species have
1.4—2.0 fold higher productivity which accounts for 60% and more productivity of phytocenoses. Trans-
forming role of Erigeron canadensis L., Lupinus polyphyllus Lindl. and Solidago gigantea Ait. on their
expansion into aboriginal herb (share in mowed mass — 40% or more) communities was shown; their high
adaptive potential for ecological-soil conditions of Meshchovskoye Opolye (center of Nonchernozem Zone
of Russia) was established. Application of mineral fertilizers (P,,K,,) in the secondary Trifolium medium
phytocenoses (more than 40%) contributed to 2.4-fold increase in its productivity (from 1.38 to 3.29 kg/m?)
and increased productivity stability by 60%, reducing low-value species in crop structure by 1.6 times.
The total area of cenopopulations increased by 10.4—21.5%, yields — from 2.31 to 4.41 kg/m’.
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Introduction

Opolye is one of the most fertile type of lands in the central region of Russia,
85% of which was used for agriculture in the second half of the 20th century. Currently,
less than 33% of arable land is used in Meshchovskoye Opolye. The regional government
together with the Ministry of Agriculture of the Russian Federation pays special atten-
tion to the solution of this issue; however, the efficiency remains low. Some features
of development of secondary meadow phytocenoses and their cultivation have been
revealed [1—7]. There is an insufficient amount of research on optimization of tech-
nology for resource-saving development of synanthropic phytocenoses with complex
invasion in Kaluga region.

Materials and methods

Experiments were conducted on derelict lands with gray forest loamy soils
in 2006—2018. Evolution of secondary phytocenoses and developing alternative
technologies for accelerated cultivation of fallow lands in Kaluga Research Institute
of Agriculture were studied. The monitoring site was located on a gently sloping gulch
of floodplain terrace of the Vyssa river within the moderately eroded slope of the south-
east exposure. 2 parallel transects were laid at a distance of 50 m from each other
on the area of more than 12.0 ha to study allogeneic series. Each transect had 10 per-
manent plots with 250 m? in area which were at a distance of 100 m from each other.
Effect of mineral fertilizers in doses of P, K, and P, K,, on productivity and structure
of synanthropic phytocenoses was studied.

Results and discussion

By 2018 phytocenoses had been formed with varying weed invasion level. Initial
stages (up to 2—3 years of development) were classified as Stellarietea mediae Tx. et al.
Ex von Rochow 1951, and later ones — Artemisietea vulgaris Lohmeyer et al. Ex von Ro-
chow 1951 [8]. The series developed in reserve mode from the bank of diasporas after
turf development had a common floristic core with previous phytocenoses and were
represented mainly by agrobiological group of motley grasses (55%). The most common
groups consisted of aboriginal and adventitious species in varying quantities. Such trans-
formers as E. canadensis, L. polyphyllus and S. gigantea developed successfully spread-
ing freely throughout the Kaluga region [9]. 12 years later the phytocenoses became
homogeneous and consisted of 10—12 main plant species, determining green mass pro-
ductivity by 75%, and adventitious species — by 35% (Table 1).

The phytocenoses of Indemutatios quarolis were determined by potential of indi-
vidual plant species during their full vegetative development, and by variability
of productivity in years with different environmental conditions. The communities
of L. polyphyllus and S. gigantea were less dependent on such influences, while agrio-
phyte E. canadensis contributed to the formation of their expansion boundaries.
The highest variability of productivity was observed for indigenous species (average
35.99%), ranging from 18.66% for C. epigeios to 56.31% for H. perforatum. Produc-
tivity of adventitious species was characterized by lower variation — from 19.83%
in E. canadensis to 22.72% in S. gigantea. Yields of invasive species significantly
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Table 1
Cenopopulation structure and characteristics
of invasive secondary meadow phytocenosis, June 2014—2018
Productivity, kg/m’
Species / group W, %
M+m max min Cv, %

Phytocenosis 2.08 £0.36 2.39 1.68 34.32 100.00
Main components: 1.74+£0.25 2.01 1.42 28.81 83.84
Calamagrostis epigeios (L.) Roth 0.39+0.07 0.43 0.33 18.66 18.54
Erigeron canadensis L. AiN. S-2 0.32+0.03 0.37 0.25 19.83 15.30
Lupinus polyphyllus Lindl. CiN. S-1 0.21+0.02 0.25 0.18 21.50 10.23
Solidago gigantean Ait. ACiN. S-1 0.16 £0.02 0.19 0.14 20.31 7.91
Tanacetum vulgare L. 0.15+£0.02 0.17 0.12 22.72 7.01
Artemisia vulgaris L. 0.13+0.02 0.15 0.11 33.46 6.09
Vicia sepium L. 0.12+0.02 0.14 0.09 34.77 5.71
Chamerion angustifolium (L.) Holub 0.11+£0.02 0.13 0.08 40.87 5.08
Hypericum perforatum L. 0.07 £0.02 0.10 0.05 56.31 3.58
Equisetum arvense L. 0.06£0.10 0.07 0.04 44.65 2.70
Potentilla anserine L. 0.04 £0.01 0.04 0.03 37.70 1.67

Note: A-CiN — Accidental & Cultivated alien Invasive Naturalization plants; Aliens. str. — invasive naturalized
unintentionally and intentionally introduced species, S-1 — invasive status of transformer; S-2 — invasive status of agrio-
phyte, according to Richardson et al. [11]; W, % — mass fraction in crop structure.

exceeded yields of native plant species. Close dependencies were observed between
yields of phytocenoses and productivity of the group with dominant adventitious species
(r=179.54 £ 0.21), area of subpopulations (» = 91.21 £ 0.18), occurrence (» = 87.47 + 0.19)
and stand height (» = 85.15 £ 0.19). Introduction of the advents contributed to the rapid
transformation of phytocenoses — reducing species diversity and simplifying phyto-
cenose structure. Higher levels of specific productivity and stability of adventitious
species can be considered as a manifestation of their adaptive potential to the ecological
and soil conditions of Meshchovskoye Opolye.

The area of the most valuable feed groups of Trifolium medium in the composi-
tion of autogenous phytocenoses varied from 7.6 to 17.5% and averaged 11.0% per 1 ha
of fallow lands in 2015-2018. Top mineral fertilizing contributed to the redistribution
of quantitative and qualitative links between the phytocenosis elements [11—16].
Increase in fertilizer rates increased stability of their productivity. Application of (P, Ky,)
resulted in increase in the total area of 7. medium cenopopulations by 10.4—21.5%
and yield increased from 2.31 to 4.41 kg/m®. The specific productivity increased more
than 2 times (Table 2).

Using phytocenoses as hayfields in their allogeneic series resulted in significant
increase in phytocenotic stability of 7. medium. The ratio of 7. medium mass fraction
to secondary species in structure of mowed mass increased from 1.5 to 3.0, and co-
efficient of 7. medium productivity variation decreased from 61.84 to 38.45%. A close
relationship was found between phytocenoses yields and 7. medium specific productivity
(r=0.82 £ 0.18), its share in the crop structure (» = 0.94 £+ 0.08) and stand height
(r=0.57 £ 0.20). Productivity variability of secondary species was not significantly
changed.
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Table 2
Structure and properties of T. medium phytocenoses, 2015—2018
Productivity, kg/m?
Species / group W, %
M+tm max min Cv, %
Natural soil fertility
T. medium L. phytocenosis 2.31+0.88 2.46 0.60 76.42 100.00
T. medium L. 1.38+0.43 2.33 0.58 61.84 59.65
Secondary species 0.93+£0.37 2.67 0.31 79.20 40.35
P,.K, fertilization
T. medium L. phytocenosis 3.23+0.96 4.75 0.77 59.45 100.00
T. medium L. 2.17+£0.60 3.42 0.65 57.28 67.18
Secondary species 1.06 £0.45 1.33 0.21 84.33 32.82
P, K, fertilization
T. medium L. phytocenosis 4.41+1.01 7.13 1.22 45.76 100.00
T. medium L. 3.29+0.63 6.45 1.17 38.45 74.59
Secondary species 1.12+0.45 2.69 0.38 81.06 25.41

CONCLUSIONS

Autogenous phytocenoses were established to be developed from a soil bank
of diasporas formed by previous communities; therefore, they had a common floristic
core and potential feeding value. Hay productivity was extremely low without the use
of elements of surface improvement technology.

It has been revealed that invasive species: Erigeron canadensis L., Lupinus poly-
phyllus Lindl. and Solidago gigantea Ait. got advantage during grass restoring process
under conditions of Meshchovskoye Opolye. The plants gave the impression of being
aboriginal and constituted more than 1/3 of mowed mass.

Application of mineral fertilizers (P,,K,) in secondary 7rifolium medium phyto-
cenoses resulted in 1.9-fold increase in vegetative mass, 2-fold increase in 7. medium
specific productivity and 1.6-fold reduction of low-value species in crop structure.
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AHHoTanus. B Hacrosmee BpeMs B MeIIOBCKOM OIIOJIbe HE UcIoib3yeTcst 6onee 33% mamHu.
Bonpoc onTHMH3aLMK JIEMEHTOB TEXHOJIOTHH PECYpPCOCOSPEraloIiero OCBOCHHs CHHAHTPOITHEIX (UTOIIe-
HO30B 3aJIeXKeH ¢ KOMIUIEKCHOH MHBa3UeH SBIISETCS OTKPBHITBIM. CTaThsl MOCBSIICHA aKTYaIbHON HAy4HO-
HPOU3BOJCTBCHHON 3ajaue — aHaNIn3a U JUHAMHUKH Pa3BHTHs CAMOOPTaHM3YIOUIMXCS (PUTOLEHO30B
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C Pa3IMYHON CTENEHBI0 WHBA3WH WM MX HCIONB30BAHUIO HA 3eMIISIX, BPEMEHHO BBIBEICHHBIX M3 aKTUBHOTO
cerbeKoxo3siictBeHHoro obopora. B Kanyxxckom HUMCX B 1moseBOM OMBITE HA MOCTArPOr€HHBIX CEPhIX
JIECHBIX CPEIHECYIVIMHUCTBIX Mo4Bax B 2006—2018 rr. usyuanu BIMsSHUE MUHEPAJIbHBIX yI0OpEHUN Kak
9JIEMEHTa ONTHMHM3ALMK TEXHOJIOTHH OCBOCHHMS Pa3HOBO3PACTHBIX 3aJIeXKEH METOOM TPAHCEKTHI U ITOCTO-
SHHBIX YYETHBIX IUIONIAI0K Ha ruiomaam 12,0 ra. JlaH aHaIN3 MPHYHH M3MEHSHHS IPOTYKTUBHOCTH ONpe/ie-
JISIOIIUX €€ AJIEMEHTOB TIPH OJJHOYKOCHOM CEHOKOCHOM HCIIOJIL30BAHHHU B PSIy: aBTOICHHBIC — aJLIO-
TeHHBIC (PUTOLIEHO3BI. Y CTAaHOBJICHO, YTO XO3SHCTBEHHAS [ICHHOCTh [ICHO30B OIPECIISITCS HOTCHIINATIOM
COCTaBIISIIOIIMX BUJIOBOI BapHaOEeIbHOCTBIO UX MPOYKTHBHOCTH B PAa3JIMYHbIC MO CTEHICHH HATIPSHKCHHOCTH
9KOJIOTMYECKUX YCIOBH rojibl. OUTOLCHO3HI Ha 12-1i FO/ pa3BUTHS SBIISIOTCS TOMOT€HHBIMU M COCTOSIT
u3 10—12 OCHOBHBIX BH/IOB, KOTOpPBIE HA 75% (OPMHUPYIOT YKOCHYIO MacCy. Y POBEHb NPOAYKTHBHOCTH
MHBa3UOHHBIX BUJOB B 1,4—2,0 pa3a IpeBbIIacT ypoBEeHb aDOPUTEHHBIX U 00ycoBnuBaeT Ha 60% u Goiee
MPOIyKTHBHOCTH (puTo1eH030B. [TokasaHa Tpancdopmupyromas poss Erigeron canadensis L., Lupinus
polyphyllus Lindl. u Solidago gigantea nipu ux sKcriaHcUu B aDOPUIe€HHBIE Pa3HOTPABHBIE (OISt B YKOCHOU
Mmacce — 40% u Gonee) cooOuiecTBa, U yCTAHOBJICH MX BBICOKHI aJaliTUBHBIA MOTEHIIUAN K DKOJIOTO-
HOYBEHHBIM YCIIOBUIM MeloBckoro ornoibs L{entpa HewepHo3emHo# 30861 Poccuu. TTnomans Hanbomnee
[IEHHBIX B KOPMOBOM OTHOIIICHUH TPyNIHUPOBOK Trifolium medium L. u3meHsuiacey B mpezenax ot 7,6
1o 17,5% u B cpennem cocraBmia 11,0% Ha 1 ra 3amexun. Takum o0pa3oM, BHECEHHE MUHEPATBHBIX
ynobpenwit (P,,Ky,) BO BTOpUUHBIX (PUTOLIEHO3aX C IPEUMYILECTBEHHBIM ydacTreM 1. medium (Gonee 40%)
CIOCOOCTBOBAJIO MOBBILIEHUIO €0 yeIbHOM MpoayKTUBHOCTH B 2,4 pasa (¢ 1,38 10 3,29 kr/M®) 1 ypoBHS
CTaOMIBHOCTH MPOAYKTUBHOCTH Ha 60%, a TakKe CHIDKEHHIO JIOJIM YYacTHsI MAJIOLIEHHBIX BUIIOB B CTPYK-
Type ypoxas B 1,6 paza. O0mmas riomane HeHonomysuid Bo3pocna Ha 10,4-21,5 %, ypoxkaiiHocTs ¢ 2,31
10 4,41 kTP

KuroueBble cjioBa: 3aj1eKHBIC 3€MIJIHA, CCPBIC JICCHBIC ITOYBbI, CHHAHTPOITHBIC (I)I/ITOI.ICHO?;LI, HWHBa-
3UOHHBIC BU/IbI, MUHCPAJIbHBIC yJ:[O6pCHI/I$[, MPOAYKTHUBHOCTb
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