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Abstract. Restoration of lands disturbed by anthropogenic impact is currently the most urgent
issue in the light of the gradually decreasing area of commercially valuable plantations.
Reclamation of quarries includes restoration of artificial landscape by carrying out various
kinds of measures. We have surveyed the quarries located in the northern districts of the
Arkhangelsk region. These quarries were used for sand mining in the construction of roads of
federal and regional importance. No forestry activities were carried out in one of the quarries.
It was adopted as a control site and abandoned to natural regrowth. Deciduous trees and
shrubs (birch, willow) in some places grow there after a decade and a half. In two other
surveyed quarries mechanical soil treatment was carried out and seedlings of Scots pine (Pinus
sylvestris L.) were planted. This species is used for planting on sandy soils to form valuable
productive stands. Studies have shown that pine young stands of the second age class have
quality class II, with the average forest inventory values of a diameter of 14.6 cm, a height of
15.6 m and a stock of 168 m3/ha. The plants are healthy, physiologically developed with the
average annual increment of 56 cm over the last decade. Forestry measures effectively carried
out in the development of sand quarries, firstly, provide the necessary optimal conditions for
growth and development of plants, and, secondly, biologically productive areas of the land
surface are formed due to forest reclamation. These territories are an excellent reserve for
increasing the areas covered by forest vegetation.
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Annomayus. BoccTaHOBIEHHE HAPYIIEHHBIX AHTPOIOTEHHBIM BO3JICHCTBHEM 3€MENb B
CBSI3U C ITOCTETMEHHBIM YMEHBIICHUEM IUIOMIAJN XO3IHCTBEHHO-IIEHHBIX HACAKICHHUN SB-
JISIETCSL B HACTOSIIEE BPEMSI aKTyaJbHBIM BOMPOCOM. PeKyibTHUBAIINS KaphepOB BKIOYAET B
ce0s1 BOCCTAHOBJICHHE HMCKYCCTBEHHOTO JIaHmadTa MmyTeM MPOBEAECHUS Pa3IMYHOTO poja
Mmeponpusatuid. Llep uccnenoBanus — onpezaeneHne 3QGeKTUBHOCTH MPOBEICHHBIX JIECOXO-
3SIUCTBEHHBIX MEPONPUATHI MCKYCCTBEHHOTO JIECOBOCCTAHOBJICHHUS B MECYAHBIX Kapbepax
Apxanrenbckoit oomactu. OOCIe0BaHbl Kaphephbl B CEBEPHBIX PallOHAX PErHOHa, UCIOJb-
30BaBIIKECS JUTS JOOBIUH MECKA MPU CTPOUTETBCTBE JOPOT (heIepabHOrO U PErHOHAILHOTO
3HaYeHus. B 0JJHOM M3 KapbhepoB, BEIOPAHHOM B Ka4eCTBE KOHTPOJIS, JIECOXO3HCTBEHHbIE Me-
PONPHUSATHS HE TIPOBOAMIINCH, U OH OBbLII OCTABJIEH IO/l €CTECTBEHHOE 3aparuBanue. CrycTs
MOJITOPA AECATHIETUS] Kapbhep YaCTHYHO 3apOC JIMCTBEHHBIMHU JIEPEBBbSIMU M KyCTapHUKAMH
(6epesa, uBa). B 1ByX Apyrux o0OCIeI0BaHHBIX Kapbepax OCYIIECTBICHA MEXaHHYECKas 00-
paboTKa MOYBBI M BBICAYKEHBI CESHIIBI COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.). IMeHHO
9Ty MOPOY HPUMEHSIOT JJIsI MOCAIKU Ha MECUYAHBIX 3eMIIIX C HETbI0 (DOPMHUPOBAHHUS IIEHHBIX
MPOYKTUBHBIX JpeBOCTOEB. [10Ka3aHO, YTO COCHOBBIE MOJIOHSIKH BTOPOIO Kjacca BO3pacTa
umeroT Kkiacc 6onurera Il, cpeanue quameTp, BbicoTy U 3amac — 14,6 cM; 15,6 M u 168 m*/ra
COOTBETCTBEHHO. PacTeHust 310poBble, (PU3MOIOTHUECKH PA3BUThHIE, MX CPEIHUN TOMOBOM
MPUPOCT 3a MOCIEIHEE JECATUIIETHE COCTaBHI 56 M. D(PHEKTUBHO BBIMTOTHEHHbIE JIECOXO-
3ICTBEHHbBIE MEPOIIPUATHS TIPU OCBOECHHUHU IECYAHBIX KAPhEPOB, BO-TIEPBHIX, 00ECIIEUNBAIOT
HEOOXOMMBIE ONTHUMAIILHBIE YCIOBHUS ISl POCTa U Pa3BUTHS JEPEBBEB, a BO-BTOPHIX, CIIO-
COOCTBYIOT (POPMHUPOBAHHIO OHOJIOTHYECKH IPOAYKTUBHBIX YUACTKOB TOYBBI. PEKYIBTHBUPO-
BaHHBIE KAPbhEPhI ABJIAIOTCS OTIMYHBIM UCTOYHHKOM MPEYMHOKEHHUS TUIOMIAAEH, TTOKPBITHIX
JIECHOM PACTUTEIBHOCTBIO.

s yumuposanusn: Sungurova N.R., Popkova I[.A. Productivity of Pine Plantations
during Reclamation of Sand Quarries // 13B. By30B. JlecH. xxypH. 2022. Ne 2. C. 50-58.
DOI: 10.37482/0536-1036-2022-2-50-58

Knioueswie cnosa: mecuanpie Kapbepsl, JIECHBIE KYJIBTYpPhl, COCHA, HapyIICHHBIE 3€MIIH, pe-
KyJIBTUBAINS 3€MEJIb, IECOBOCCTAHOBIICHHE.

Introduction

Reclamation of disturbed lands involves restoration of landscape, soil structure
and fertility, hydrological regime of the area, along with reproduction of successions
through a set of engineering (technical), agrotechnical, silvicultural and biological
measures. These works are regulated by the Decree of the Government of the Russian
Federation No. 1724-r dated September 26, 2013 “On Approval of the Basis of the
State Policy in the Use, Preservation, Protection and Regeneration of Forests in the
Russian Federation for the Period up to 2030” and by the Forest and Land Codes of the
Russian Federation. The primary regulatory document for reclamation of disturbed
lands in the forestry sector is “The Rules of Afforestation”, which were developed on
the basis of the Article No. 63 of the Forest Code and approved by the Order of the
Ministry of Natural Resources of the Russian Federation No. 149 on June 8, 2007.

Forestry-based reclamation includes the creation of various types of
forest plantations on disturbed lands. Forest reclamation should be carried out on
anthropogenically disturbed areas of all categories, as well as on adjacent territories
that have completely or partially lost their productivity. The complex of unfavorable
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factors, the major of which are unfavorable water regime and poverty of soil in elements
of mineral nutrition, is the hinder of the natural reclamation of these areas [8]. A number
of authors [4, 6, 11, 13, 17, 19, 21, 22, 24] point that together with planting of woody
vegetation in those areas where the ground cover grows poorly and on infertile soils,
it is essential to create simulated sword of perennial grasses. For instance, Kazakov
L.A., Vishnyakov G.V. and Chamin V.A. [9] recommend sowing sand ryegrass on the
Kola Peninsula.

Likhanova [.A. and Kovaleva V.A. [12] emphasize that by selecting optimal
measures for a particular reclamation object it is possible to accelerate the formation
of forest plantation (soil and microbial composition, living ground cover and tree
layer) due to managing the competitive relationship between the components of
anthropogenic phytocenosis.

During the construction of forest roads, as well as roads of regional and federal
importance in the Arkhangelsk region, sand mined in quarries is used. Such quarries
are ubiquitous in the territory of the Northwestern Federal District.

The research purpose is to determine the effectiveness of the forestry measures
carried out through artificial reforestation in sand quarries of the Arkhangelsk region.

Research objects and methods

In the course of the scientific inquiry, various sites of the land surface were
sampled after sand mining. These quarries were developed in the construction of
roads of regional and federal importance. They are located in the northern districts of
the Arkhangelsk region.

Sand quarry No. 1 with an area of 6 ha is located in the north of the region
in the Kholmogory forestry close to the technological route of the nearby timber
industry enterprise. This site was used for sand harvesting with the purpose
of construction of this forest road. Forest reclamation work was carried out in
1987. The surface was levelled by a bulldozer blade before tillage in the quarry.
Forest cultivation technology includes: plowing of loosened microhills by an
auger plow PSh-1 together with a tractor LKhT-100; manual planting of 2-year-
old standard seedlings of Scots pine (Pinus sylvestris L.) in microhills using
Kolesov’s sword according to the scheme 0.6x3 m (fig. 1, a). This cultivated
species was not randomly chosen, since it is used for planting on sandy soils
to form valuable and productive stands. The initial density of forest plantations
is 5,550 pes/ha. Single specimens of willow appeared in the quarry before the
forestry measures.

Sand quarry No. 2 with an area of 1.5 ha was developed in 2003 for the
construction of the Arkhangelsk-Karpogory regional road. Forest reclamation work
was carried out two years after sand mining. The surface was graded by the bulldozer
blade prior to tillage in the quarry. The technology of forest cultivation works was
as follows: preparation of fire lines 1.2 m wide with a wedge-shaped pusher TK-1,2
together with a tractor LKhT-55M; manual planting of 2-year-old standard seedlings
of Scots pine (Pinus sylvestris L.) in the middle of the line using Kolesov’s sword
according to scheme 0.5%3.5 (fig. 1, b). The seedlings were grown in the greenhouse
of the Kholmogory forestry. The initial density of set out plants is 5,800 pcs/ha.
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Fig. 1. Technological scheme of forest plantations: a — sand quarry No. 1;
b — sand quarry No. 2

Sand quarry No. 3 with an area of 5 ha developed in 2003 in the vicinity of the
Lukovetsky settlement was chosen as a control site. This area was left under natural
regrowth and after sand mining no forest management activities were carried out here.
There are 1,525 pcs/ha of seed birches and 1,348 pcs/ha of willow bushes after 17 years.

The survey of stands in the quarries was carried out according to generally
accepted methods and techniques [10, 14, 15, 18, 20]. The height, diameter, and
annual increment of pine trees were measured for the last 10 years; and the number
of surviving plants was determined.

The ground cover in the forming plantation phytocenoses was studied on the
test plots of 1x1 m size, which were laid out evenly over the area according to the
method of Astrologova L.E. and Gortinskiy G.B. [3].

Undergrowth was counted by size, vital condition, and species composition on
the test plots of 2x5 m size, based on the method of Melekhov 1.S. [16]. Simultaneously,
understory species were recorded and classified according to their species composition
and vital condition. The number of recorded plants was converted per hectare.

Research results and discussion

In order to restore economically valuable lands and minimize environmental
damage, it is necessary to reclaim disturbed anthropogenic territories. There is an
initial period (i.e. the time interval during which, in the territory devoid of any
vegetation, the first representatives of flora appear) on technogenic lands — rock
dumps, abandoned quarries, right-of-ways along roads under construction, gas and
oil pipelines, friable sands and alluvial deposits [4, 8].

Regulatory requirements for forest reclamation are reduced to creation of
biologically productive areas of land surface with the necessary conditions for plant
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growth and development without fertile soil coating. The floristic composition of these
areas is formed gradually, starting with the ground cover and ending with the stand.

The productivity of plants in the living ground cover depends on the nature
of vegetation and, consequently, on the age of plantations. Meadow grasses with
the greatest distribution in sand quarry No. 1 form a larger phytomass per area unit.
In sand quarry No. 2, where the abundance of meadow species is much lower, the
value of this parameter decreases. During growth of forest plantations, the dominant
ecological groups of plants in the living ground cover change from meadow and
meadow-grassland to typically forest species.

The living ground cover is very diverse in pine plantation phytocenoses of
the second age class. The upper layer consists of rosebay willowherb (Chamerion
angustifolium (L.) Scop.), wild angelica (Angelica sylvestris L.), woodland geranium
(Geranium sylvaticum L.), tufted vetch (Vicia cracca L.) and Paris herb (Paris L.).
Next are berry prostrate shrubs: bilberry (Vaccinium myrtillus L.), stone bramble
(Rubus saxatilis L.), and cowberry (Vaccinium vitis-idaea L.). Except that, Arctic
starflower (7rientalis europaea L.), tufted sedge (Carex gracilis Curt.) and wood
sorrel (Oxalis acetosella L.) can also be found.

In the living ground cover of pine plantation phytocenoses, those representatives
of flora grow first, root system of which at the beginning of the vegetation period
(i.e., even before the establishment of constant summer temperatures) develops in the
lower soil horizons with lower temperatures and higher humidity. Plants with large
annual height increment, intensive seed reproduction, actively creating vast biogroups,
shading the soil surface and protecting root systems from overheating dominate here.
An outstanding example is wild strawberry (Fragaria vesca L.), as well as a long-
rooted species, such as rosebay willowherb (Chamerion angustifolium (L.) Scop.), the
buds of which lie at a considerable depth, where temperatures are lower [1, 2].

Soil overgrowth depends on the soil horizons that form the tillage layer. In soil
preparation, when microhills are formed only from the humus-accumulative horizon,
which is clogged with seeds of herbaceous vegetation without involving the underlying
mineral soil horizons in tillage, the intensity of their overgrowth increases [2].

Sand quarry No. 2, in connection with the depletion of elements of mineral nutrition
in soil horizons, is characterized by relatively low species representation of the living
ground cover. Overgrowth of the cultivated soil with herbaceous vegetation is weak
here. The dominant species in the quarry are the following: wood horsetail (Equisetum
sylvaticum L.), rosebay willowherb (Chamerion angustifolium (L.) Scop.), and coltsfoot
(Tussilago farfara L.). There are also chamomile (Matricaria chamomilla L.), red clover
(Trifolium pratense L.), and tufted sedge (Carex gracilis Curt.).

When taking into account natural regeneration of woody species, we found
that in the intergrowth space of sand quarry No. 1 unaffected by tillage 5,880 pcs/ha
of seed birch (Betula pendula Ehrh.) grow and on the whole area there are 4,100 pcs/ha
of viable spruce (Picea abies Link.) undergrowth: small — 2,114 pcs/ha, medium —
1,179 pcs/ha, and large — 807 pcs/ha. In the lower storey there are isolated specimens
of juniper (Juniperus communis L.) and mezereum (Daphne mezereum L.), there are
1,520 pcs/ha of bay willow (Salix pentandra L.), which appeared here mainly before
the forestry works.

Sand quarry No. 2 is surrounded on three sides by the forest stand of natural
origin, so that 15,200 pcs/ha of birch (Betula pendula Ehrh.) are located evenly over
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the studied area. Under the canopy of pine and deciduous young stands 2,800 pcs/ha
of viable young spruce (Picea abies Link.) grow, mostly small and medium. When
studying the lower storey, 5,800 pcs/ha of bay willow (Salix pentandra L.) appeared
here mainly before the beginning of forest reclamation were recorded.

During reconnaissance survey of quarries the most typical sites of formed
plantation phytocenoses were found for each object. On the sites the survey of
artificially created pine young growth was carried out, forest inventory characteristics
of which are given in table.

Growth course of pine plantation phytocenoses in the sand quarries

Plantation age, Average Survival rate,
yrs Height, m | Diameter, cm | Increment, cm %

Stock, | Quality
m’/ha | class

Density

Sand quarry No. 1
27 11.840.81| 11.5+0.30 61+£0.44 | 57.4+0.89 0.9 152 II
34 15.6£0.99 | 14.6+0.57 62+0.49 | 57.0£1.02 0.9 168 11
Sand quarry No. 2
9 3.0+£0.02 | 2.8+0.03 42+0.22 | 77.7£0.69 0.7 18 11
16 6.14£0.37 | 5.9+0.05 46+£0.26 | 75.0+£0.70 0.8 44 11

The research results show that highly productive stands with positive dynamics
of productivity increase are formed on the surveyed sites of land surface. Thus, the
stands of the second age class (sand quarry No. 1) reach a height of 15.6 m with an
average diameter of 14.6 cm. The current annual increment of these stands is on
average 62 cm. The value of increment is influenced by the uniform distribution
of trees over the area with the survival rate of 57 % and density of 0.9 m*ha. The
composition of the plantings is 9P1B (9 pines, 1 birch). Forest plantations accumulate
a stock of 168 m*/ha and have quality class II, which exceeds the average quality class
in the Arkhangelsk region. Average value of quality class for coniferous plantations
in the region is IV.7 (4.7).

At the same time, there is a series of works in this field in different parts of our
country, where researchers represent the data, which are somewhat different. Thus,
Nureeva T.V. et al. [17], surveying pine plantations created with different planting
spacing in quarries, point that the height of 12-year-old plantations varies from 4.2
to 4.6 m depending on the density of creation, and the diameter varies from 3.8 to
5.9 cm. Zalesov S.V. et al. [23] provide the data obtained in the Sverdlovsk region.
Pine forest plantations at the age of 9 have quality class II with a height of 2.6 m,
a diameter of 3.7 cm, forming a stock of 5.63 m’/ha. Gavrilova O.1. [7] carried out
a similar study of pine plantations in gravel and sand quarries of the Republic of
Karelia and came to the conclusion that in some quarries the height of 9-year-old
trees is 2.25 m, and in other areas 12-year-old trees reach 1.0—1.2 m in height.

In sand quarry No. 2 pine trees of the first age class grow according to quality
class IT accumulating a stem stock of 44 m’/ha. The average height of pine trees is
6.1 m with a diameter of 5.9 cm. Herewith, at this site there are 75 % of preserved
physiologically healthy proportionally developed trees. The composition of the
plantings is 8P2B (8 pines, 2 birches).

According to the forest inventory parameters of plantations, we can judge
that the technology of creation of artificial young growth on the recultivated lands is
fulfilled according to the available requirements, which is indicated by the average
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height increment of plantations (fig. 2). The values of increment mainly vary depending
on the weather conditions of a particular vegetation period. In warm, moderately humid
summers, the increment of pine trees is the maximal: in sand quarry No. 1 — 62 cm;
in sand quarry No. 2 — 48 cm. The average annual increment for 10 years in sand
quarry No. 2 is 43.8+0.07 cm, in sand quarry No. 1 — 55.8+0.14 cm. Deviation from
the average value varies within 3—4 c¢cm and 5-7 cm, respectively.
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Fig. 2. Dynamics of annual height increment of pine plants in the surveyed areas
(in the equation: y — increment, cm; x — age of pine plantations, yrs)

The growth curve is best approximated by polynomial function of the sixth
degree. The coefficient of determination (R?) in plantations of the second age class is
higher than in young growth of the first age class and is 0.89 and 0.60, respectively.

Comparing the main forest inventory parameters of the surveyed young growth
with the tables of growth rate of young pine stands of artificial origin, it is possible
to conclude that forest plantations created in the reclaimed quarries are characterized
by sufficiently high productivity. Thus, at the age of 34 in the Northern taiga forest
inventory area the stock of forest plantations reaches 168 m’/ha at the average height
of 15.6 m. Quality class of pine plantations is II. Whereas, according to the growth
rate tables given in the Forest Inventory Handbook for the North-East of the European
Part of the Russian Federation [5], 30-year-old young pine forests of artificial origin
in the Southern taiga forest inventory area have an average height of 10.9 m, average
diameter of 8.2 cm and stock of 176 m*/ha; and at the age of 10, the average height is
2.2 m, diameter is 2.6 cm and stock is 8.8 m’/ha.

In addition to Scots pine, fast-growing deciduous species such as silver birch
(Betula pendula Ehrh.) can also be recommended as a cultivated species on sandy areas
based on the research and analysis of literature sources. Relying on the studies carried
out in the Dendrological Garden named after V.N. Nilov of the Northern (Arctic)
Federal University, American maple (Acer negundo L.) can also be recommended in
these conditions.
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Conclusion

The research results have shown that when forest reclamation work is ignored
in the quarries after sand extraction in 17 years at such a site (control sample area
No. 3) there are 1,525 pcs/ha of birch of seed origin, which is extremely insufficient
for the formation of highly productive plantations.

Atthe same time effectively implemented forestry measures in the development
of sand quarries No. 1 and No. 2, first of all, will provide the necessary optimal
conditions for growth and development of plants, and secondly, will serve to form
biologically productive areas of land surface. Pine young growth of the second age
class is growing according to quality class II, have a stock of 168 m?/ha with the
average forest inventory values of diameter 14.6 cm and height 15.6 m. The plants are
healthy, physiologically developed with an average annual increment of 56 cm over
the last decade. These sites are an excellent reserve for increasing the area covered
with forest vegetation.
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