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The aim of study was to estimate resource funds of common reed and response of reed
stands to harvesting in the Central Ukraine, within the national nature park “Pyriatynskyi”,
and uncover possibilities and consequences of regular reed harvesting for rehabilitation and
sustainable management practice of floodplain in the park. By sampling three large sites of
reeds differed by duration of flooding we estimated morphometric values, above-ground air-
dried biomass of reed and some rates of plant resource capacity. Results show that annual
accumulation of reed biomass reaches low to upper medium values (2—17 t*ha.™) known in
temperate Europe. To conserve wetlands, to keep the floodplain and natural habitats in stable
ecological mode the conditions of reed harvesting are recommended. Admissible rates of
utilization of common reed through winter harvesting were stated. Based on indicator values
obtained on sample plots an expected yield was predicted. There was confirmed no
significant response of reed stands to winter harvesting in the first growing year after
harvesting.
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Mera JOCHIIUKEHHS — BU3HAYUTH 3allacd OYEpeTy 3BHYAWHOTO 1 pEeakI[io OYepeTsiHHUX
3apocTeil Ha 3UMOBE BHKOIIYBAaHHS B OJHOMY 3 perioHiB lleHTpanbHoi Ykpainu, B
HalllOHATBHOMY TapKy «[IMpATHHCHKUIT», 8 TaKOX PO3KPUTH MOMIIUBOCTI Ta HACIIAKH
PETYJISIPHOTO BHKOIIYBAaHHS O4YepeTy B NPAKTHII BIJHOBJICHHS Ta CTaJOro YIPaBIiHHS
piuKOBOIO 3amyiaBoOl0 B mHapKy. HamzemHa moBiTpsiHO-cyxa Oiomaca  ouepery,
MOpP(QOMETPUYHI ITOKa3HUKU 1 JAesAKi IOKa3HWKW 3alaciB HOro pecypciB OLIHWIM 3a
JIOTIOMOT'OF0 BUOIPKH 3 TPhOX BENUKUX JUISHOK OYEpPETSHUX 3apOCTEi, IO BiAPI3HIIOTHCS
TPUBAIICTIO 3aTOIUICHHS. Pe3yibTaTH MOKa3yroTh, 1[0 BEIMYHMHA IOPIYHOIO HAKOIWYEHHS
OiomMacH ouepery KOJNMBAETHCS BiJl HEBENUKHX 3HAa4YeHb J0 Bule cepennix (2-17 1/ra),
BIIOMHX 3 TEpUTOPil MOMipHO-KIiMaTudHOi €Bporu. J[ns 30epekeHHS BOIHO-0OJOTHHX
yrifb, MATPUMAaHHS 3aIUIaBU 1 TNPUPOJHUX CEPENOBUII ICHYBaHHS B CTabLIBHOMY
€KOJIOTIYHOMY DPEXKHMI CIiJl pPEeKOMEHIYBaTH BHKOIIYBAaHHS OYEPETy 3a IEBHHX YMOB.
BcranoBieHi HOpMH JONMYCTUMOTO BHKOPHCTaHHS PECYpCiB oOdepeTy B Iporeci ioro
3UMOBOr0 BHKOIIyBaHHs. OIliHEHa OYiKyBaHa BpOXKAaWHICTh Ha TMiJCTaBi 1HIMKATOPHUX
3HA4YeHb OYEPETSHUX 3apocTed 3 MPOOHMX IuIoUl. Y BIANOBIAh HA 3UMOBE BUKOIIYBAHHS B
OYepeTSHUX CTeOJOCTOSX IiATBEP/PKEHAa BIJICYTHICTh 3HAYYHIOl PI3HUII B IEpIINA
BEereTawifHui 1epio] miclisi BUKOIYBaHHS.

Kmiouosi crosa: Phragmites australis, epooicaiinicms, ynpaeiints piukogoro 3anidagoio
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ABIVIIOEBA O.C., TIOJIOBAIIO A.B. (2014). BrikammBaHne TPOCTHUKA 00bIKHOBEHHOT O
B HAlMOHAJNBbHOM mnpupogHoM mnapke «IlupsTunckuin» (YkpaumHa): nmoreHHuaa u

BO3MOKHOCTH JIsi MeHeIKMeHTa NMPHPOI00XPAHHON TeppuTOopuu. Yepromopck. 6om.
arc., 10 (4): 527-539. doi:10.14255/2308-9628/14.104/7.

Ilenb wWccmenoOBaHUs — ONPEACIUTh 3amachl TPOCTHHKA OOBIKHOBEHHOI'O W PEaKIIUIO
TPOCTHUKOBBIX 3apociieil Ha 3UMHee BBIKAIlIMBaHWE B OJHOM W3 perroHoB lleHTpanbHON
YKpauHbl, B HallMOHAJIbHOM Mapke «I[IupsTMHCKHIDY, a Takke pacKphITh BO3MOXHOCTH U
MOCNIEACTBUSl PETYJSPHOrO BBIKAIIUBAHUS TPOCTHHKA B TMPAKTHUKE BOCCTAHOBJICHUS U
YCTOWYMBOT'O yNpaBJICHHsI pEYHON NMONMOIA B apke. HajzemHas Bo3myHo-cyxas brnoMacca
TPOCTHHKA, MOP(HOMETPHYCCKHE II0KA3aTeId M HEKOTOPBIC ITOKAa3aTeIH 3allacoB  €ro
PECYPCOB OIICHWIH C ITOMOINBIO BBIOOPKH M3 TPeX OOJNBIIMX YYACTKOB TPOCTHHKOBBIX
3apociied, OTIUYAIOIIUXCS MPOAOKUTEIFHOCTRIO 3aTOMNIeHUsl. Pe3ynbTaThl MOKa3hIBaIOT,
YTO BEJIMYMHA €KETOJHOI'0 HAKOIUICHUS OMOMAcCChl TPOCTHHKA KOJIEOIETCs OT HEeOOIBIINX
3HaYeHUH A0 BbIme cpeaHux (2—17 T/ra), U3BECTHBIX C TEPPUTOPUHM YMEPEHHO-
kmuMatrdeckoi EBponbl. J[i1s coxpaHEeHUsT BOMHO-O0NOTHBIX YTOIHH, MOMACPKAHUS TIOHMBI
U EeCTECTBEHHBIX CpeJ OOHTaHUS B CTAOMJIBHOM 3KOJOTMYECKOM DEXHME CIEIyeT
PEKOMEH/IOBAaTh BBIKAITMBAHUE TPOCTHUKA IPH OINPENETIEHHBIX YCIOBHSAX. Y CTaHOBJICHBI
HOPMBI JIONTYCTUMOT'O HCIIONBb30BAHUSI PECYPCOB TPOCTHHKA B IPOIECCE €ro 3UMHET0
BoIkammBaHus. OlleHeHa OXugaemas YpOoXaWHOCTh Ha OCHOBAaHHMU WMHIUKATOPHBIX
3HAYCHUH TPOCTHUKOBBIX 3apociicii ¢ MpoOHBIX Iutomaaeii. B oTBeT Ha 3uMHEe
BBIKAIIMBAHUEC B TPOCTHHKOBBIX CTEOJNIECTOSAX IOATBEPXKACHO OTCYTCTBHEC 3HAYUMOU
pa3HHUIIBI B IEPBLI BEr€TAIMOHHBIN MIEPHUO]] MOCJIE€ BHIKAIIUBAHUS.

Knmiouesvie cnosa: Phragmites australis, ypooicatinocms, ynpasienue peuol notumou

Introduction

In the national nature park “Pyriatynskyi” (hereinafter — the Park) there are huge areas
of reeds (Phragmites australis (Cav.) Trin. ex Steud.), ones of the biggest in Central Ukraine.
Rejection of rural activities such as cattle breeding, haymaking, building with natural
materials has raised the problem of how to conserve environmental permanence of river
wetlands in abandoned agricultural regions, especially on nature protected area.

Reed can restore its biomass every year thus largely saving wood for fuel. In vast
reeds there is possible to harvest regularly up to 10-15 t of dry mass per hectare with keeping
a balance of substances, in particular, rate of peat accumulation [ WICHTMANN, JOOSTEN,
2007].

There are certain advantages in utilizing reed for biofuel as indicated in European
references [GRANELL, 1984; WICHTMANN et al., 2009; THEO VAN DER SLUIS et al., 2013].
Burning of reed exudes as much carbon dioxide as reed shoots are able to fix for a year so that
a normal balance in atmosphere can be provided instead of 10-50 times higher emissions of
carbon dioxide while burning the same amount of wood or coal. Combustion heat of reed
pellets approximates to such of wood and peat. However, ash content in biofuel made of reed
is higher than in wood and is 2-5 % and more [KOMULAINEN et al., 2008; THEO VAN DER
SLuis et al., 2013] or even 10 times higher [ WICHTMANN AND JOOSTEN, 2007]. This depends
on the origin of reed and peculiarities of salt content in the environment of reeds.

Our goal was to determine biomass stocks of reeds in the Park and uncover the
possibilities and consequences provided through regular harvesting of reed for conservation
and rehabilitation of natural habitats. Thereby we stimulate development of regulations for
sustainable management practices of riparian areas and floodplains, in particular, towards
allowable limits of using natural resources within the nature protected area of the national
importance in Ukraine. It will also be useful for monitoring floodplain ecosystems in the Park
and relevant river ecocorridor.
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Natural conditions of the region

Study area

Margins of the Park (Poltava region, Ukraine): western point 50°18°54”N,
32°14°24”E; northern point — 50°22°51”N, 32°20°55”E; southern and eastern points —
50°10°05”N, 32°37°47”E. Total area is above 12000 ha.

Wetlands of the Park lay along valleys of the Udai river and its branches and occupy
about 7500 ha, near a half of which is covered by reeds. The Udai river floodplain belongs to
the mixed forest-meadow type of landscapes, being 1000-5000 m in width. In spring it can be
mostly flooded. In summer the flooding level largely depends on precipitation. In winter it
freezes since the middle of December to the late February-Early March.

Plant communities

Reed communities represent plant association Phragmitetum communis (Gams 1927)
Schmale 1939, alliance Phragmition communis Koch 1926, class of vegetation Phragmito-
Magnocaricetea Klika in Klika et Novak 1941.

Two types of habitats of reeds are distinguished in the Park:

— Regularly flooded marshes of shallow waters. Water level is 5 to 50 cm deep in mid-
summer, substrate cumulates a lot of mud and litter deposits.

— Long but not regularly flooded fens; in the middle of summer water level is not deeper
than 30—40 cm under the ground. Areas are peaty, covered by abundant tussocks and scattered
willow bushes. Reeds are alternated with sedges and tall stands of Typha sp., Acorus calamus
L., Glyceria maxima (C.Hartm.) Holmberg, Sparganium erectum L. and others belonging to
the class Phragmito-Magnocaricetea.

Yield, vitality and portion of reed in the Park can depend on: duration and levels of
flooding; frequency of herb removal; also - standing above-ground litter [GRANELI, 1989],
accumulated organic litter [VAN DER PUTTEN et al., 1997], insect damage [Van der Toorn and
Mook, 1982].

On plots with short-time flooding and without haymaking reeds are alternated with
woodland of willows (Salix cinerea L., S.fragilis L.) and wood swamps of alder (Alnus
glutinosa (L.) Gaertn.).

Environment

Soil cover consists both of mineral and organic soils on alluvial sandy clays, clays,
mud and peat. At present there are widely occurred peaty soils and fen peats with saliniferous
layers (Histosols Fibric and Terric) under the reeds.

In July-August 2013 water pH in the river was 7,65-8,54, content of dissolved
oxygene in water ranged 0,29—11,0 ppm in backwaters and 2,64-3,71 ppm in riverbed.

Climate features are typical for temperate Eastern Forest-Steppe bioclimatic zone
(Fig. 1). Stable snow and ice cover appears since the middle of December. The ice cover
keeps 2—2,5 months.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A B
Fig. 1. Average month temperatures (A) and month precipitation (B) in the region of the Park
“Pyriatynskyi”. Average annual precipitation amount is about 500 mm.
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Materials and methods

Three separate tracts of reeds were selected for measurements and monitoring. Those
areas are associated with floodplain of the Udai river and differ by the level and constancy of
flooding. A coverage of common reed in herb stands is 90 % or higher.

Location of tracts and sample plots

1 — nearby Pyriatyn town. Edge point on north-west: 50°1324.35"N, 32°32'47.26"E.
This tract is a part of riverbed and middle parts of floodplain. Total square 1s 1312,6 ha. Soil
cover: fen peats solonchakous (Histosols Salic). In mid-summer groundwater is 30 cm under
the ground surface. Floristic composition of a sample plot: Agrostis stolonifera L., Calystegia
sepium (L.) R.Br., Lysimachia vulgaris L., Solanum dulcamara L., Stachys palustris L., Salix
cinerea L.

2 — nearby Kharkivtsy village. Edge point on north-east — 50°15'5.87"N,
32°34'19.35"E. Lowland floodplain. 540 ha. Fen peaty soils saliniferous (Histosols Terric).
Groundwater level is 40 cm under the ground surface. Floristic composition: Agrostis
stolonifera, Carex acutiformis Ehrh., Butomus umbellatus L., Calystegia sepium, Carex
riparia Curt., Equisetum fluviatile L., Iris pseudacorus, Lycopus europaeus L., Lysimachia
vulgaris, Naumburgia thyrsiflora (L.) Reichenb, Senecio tataricus Less., Stachys palustris L.,
Symphytum officinale L., Caltha palustris L., Salix cinerea.

3 — nearby Keibalivka village. Edge point on north-west — 50°18'8.28"N,
32°2929.66"E. A riverbed and lowland floodplain. 795,3 ha. Fen peats solonchakous
(Histosols Salic, or Terric). Water is always above the ground. Floristic composition:
Solanum dulcamara, Stachys palustris, Calystegia sepium, Glyceria maxima, Carex riparia.

Accidental fires happen in all areas.

Mode of land using: during last 22 years it is close to complete reservation; reed has
been stopped mowing, though each 2-3 years, in autumn - early spring, some part of reeds is
burned off because of intentional fire-raising.

In December 2012, since a stable ice cover on the river, we recorded and mowed 5
plots, each of 100 m”: two plots for each of the tracts No.1 and 3 and one plot in the tract
No.2; in November 2013 — 7 plots of 1 m” per each 100 m” plot. In July 2013 observations
were conducted on the plots harvested in winter and on the not harvested plots close to the
first ones.

No species of rare plants and animals, in particular, bird colonies, as well as rare plant
communities were recorded on the plots.

Quantitative measurements

There were recorded morphometric values such as:

— Above-ground air-dried winter mass of reed.

— Stem length and diameter. Sampling size was 30 specimens in winter and 100 — in
summer. Length was counted from the cutoff level (10-15 cm above ground) to the bottom of
inflorescence; diameter — at the stem base near the cutoff.

— Density of reed stems - number of stems cut on the 1 m* plot.

Reed in the Park is considered a natural resource of national importance. Reed
resources are expressed through the next values:

— Expected yield is an outcome of the above-ground wet winter mass per square unit.

— Biological stocks, or resource fund of a separate tract:

BS; =S, x(Yi-mi) (Eq.1)

where S; — square of a reed tract, ha, Y — the expected yield of a sample plot, m; —
error of mean of the expected yield. “The yield minus error of mean” indicates a minimum
yield appropriate for evaluation of BS; to avoid an over-consumption of the resource
[Mynarchenko, Sereda, 2004].
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— Operating stocks (OS) are a portion of biological stocks to be removed with keeping a
minimum ability of the reeds to restore and reproduce [MYNARCHENKO, SEREDA, 2004].

An experience of Danube biosphere reserve shows that it is necessary to remove most
part of winter reed and remain no less than 25% in order to keep a river floodplain in good
condition. Ukrainian legal act “Instruction on the procedure for setting standards of a special
using of natural plant resources” [ORDER OF THE MINISTRY OF ECOLOGY AND NATURAL
RESOURCES OF UKRAINE, 12.02.2002, number 61] defines a rate of operating stocks for shoots
of perennial herbal plants at 20-30 %. But as winter reed stems are dry and have already
fulfilled all vegetative and reproductive functions we can recommend to define OS for winter
reed stems at 50-60 % of biological stocks.

BSi x 60%

S, =——~—— Eq.2
1 o x100% (Eq-2)

where BS; is a lower threshold of biological stocks, 60% is a recommended portion of

reed resources for removal in the Park, a is a period of resource restoration (one year for reed
which restores each year).
The proportion recommended for harvesting is 3:2, that means three parts of an area to
be removed, the rest two parts should remain.
— Allowable annual harvesting capacity is such a quantity of the resource to be removed
that keeps a maximum ability of reeds to restore annually.

OS. ]
AAHC, = —L t*year™. (Eq.3)
a

Statistical treatment was conducted using Statistica 6. In order to estimate possible
correlations between morphometric values of reed stands we used Product-moment
correlation; in cases of small samplings and non-normal distribution — Spearman rank from
nonparametric statistics.

Results and discussion

Winter harvesting

The expected yield of reeds in the Park ranges between low and medium values, below
5 t*ha™ and below 17 t*ha™, appropriately (tab. 1). The upper values belong to the maximum
reported from the Forest-Steppe Ukraine [ VAN DER SLUIS et al., 2013].

Density of the studied reeds varied in wide ranges: sometimes sparse stands occurred
(up to 100 stems per 1 m?), sometimes — of medium (100—150 stems per 1 m?) or high density
(150-250).

In the 1% tract reeds are characterized by low and medium density of stem stands with
the average height about 2 m. In sparse stands there are up to 100 stems per 1 m” and in
medium-dense ones — about 150 stems per 1 m’. The expected yield was 3—5 t*ha™.

In the 2™ tract reed stands were sparse to medium-dense. Due to higher stem stands
the expected yield increased up to 57 t*ha™.

The 3" tract appeared the most productive one. This fact can be associated with
regular flooded environment. Stem stands are mostly dense — 200 and more stems per 1 m’.
Reed stands were difficult to pass through, because of large amount of dead stems. The
expected yield was about 15 t*ha™.

Values of common reed yield in other regions of Ukraine vary 2-23 t*ha” [DUBYNA,
STUPAK, NEBESNYI, 1990], while on adjacent territories in Europe — 1,5-16 t*ha™ (tab. 2).

So annual reed productivity in the given region is sufficient for introduction of reed
harvesting. Under the regulations of frequency and terms, the harvesting of reed should be
treated as an action to keep wetlands and other parts of river floodplains in good condition
both for nature diversity and human needs in the region.
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Table 1
Resource funds of common reed as a natural plant resource in the national nature park “Pyriatynskyi”
based on evaluation in winter 2013

Tract and Wet mass of winter Expected yield, Biological Allowla ble annu‘alb
plots within it stems, M * n%, M+ m. t*ha." Square, ha. stocks®, t harvesting capacity’,
kg per 100 m i t
1 39,0+10,4 3,9+1,0 1312,6 3806,5 22839
1.1 45,9+9,6 4,6=1,0 — — —
1.2 32 +11,4 3,2+1,1 - - -
2 58,2+12,4 5,8+1,2 540 2862 1717,2
3 153,1£11,3 15,3+1,1 795,3 112933 6775,9
3.1 161+11,4 16,1+1,1 - - -
3.2 145,1£13,0 14,5+1,3 — — —
TOTAL — — — 17961,8 10777,1

Footnotes: * and ” — for definitions of “biological stocks” and “allowable annual harvesting capacity” see
“Materials and methods”.

Table 2
Range of reed biomass production according to some references
Area, habitats Values of yield References
Ukraine, Poltava region, along the
Vorskla river and Uday river outside [Theo van der Sluis et al., 2013]
the Park:
not flooded reeds 4,02-9,15 t*ha™! of dry mass
moderately and regularly flooded 6,11-16,71 t*ha™" of dry mass
reed wetlands
Ukraine, Dnieper river delta along the | In general 2-23 t*ha™ of air- [Dubyna, Stupak, Nebesnyi,
Black Sea coast, freshwater and dried biomass 1990]; [Dubyna, Shelyag-
brackish wetlands: Sosonko, 1989]
continuously flooded plots with mud On the average
soils 4,95+0,4 kg”‘m'2 of wet mass

On the average 4,8+0,82

open-water plots ke*m” of wet mass

[Zhmud, 2006] - Report on
Wetland Vegetation of the
Danube Delta (in Ukrainian)

Ukraine, Danube biosphere reserve 7-23 t*ha’
posted on
http://awsassets.panda.org/downlo
ads/zhmud_elena.pdf
Romania, Danube delta, fresh water 9,8-16,3 t*ha’ [Hanganu, Mihail, Coops, 1999]
Germany, Seddinsee (near Berlin) 1,520-4,200 t*ha [Rolletschek et al., 1999]
Southern Sweden, in August 1000 g*m™ of dry mass [Graneli, 1990]
Continental-arid North-Western
China, without grazing and with low 4,7-6,0 t*ha™ [Thevs et al., 2007]
grazing

Average height of reed stems in the Park is within 190-270 cm, sometimes reaches
300-360 cm (tab. 3), while in the most favorable habitats for common reed like marshes near
the Black Sea coast the prevailing height range is 200-300 cm, sometimes up to 300400 cm
[DUBYNA, SHELYAG-SOSONKO, 1989]. Thus, the floodplain in the Park represents enough
productive environment for growth of reed.

Each of three reed tracts being not similar in the level and frequency of flooding
significantly differ from each other in stem height as well.

An average diameter of winter reed stems was 6,3—-9,0 mm; confidence interval under
the current conditions of management — 6,9—7,9 mm (p<0,01). Tract No.3 was characterized
by regular flooding and significantly thicker stems that can reach 10-16 mm by diameter. In
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tracts without regular flooding a significant difference in stem diameter was not found
(p=0,28).

Table 3
Morphometric data of winter reed stands in the Park
Tract and Stem height Stem diameter Stem density
plots -within M+SD? , Min-max M=£SD Min-max M=£SD | stems per| Stems ,
it cm mm running meter per 1 m
1 2004£21* 150-245 6,5+1,2 3,0-9,0 943 70-140
1.1 202424 150-245 6,2+1,2 3,0-9,0 8+2 70-110
1.2 199418 180-240 7,0+1,1 4,8-9,0 10+4 80-180
2 226+10* 210-237 6,3+0,9 4,5-7,8 9+2 85-180
3 271+£41%* 190-363 9,0+2,0%* 4,8-16,0 11£3 90-250
31 222416 200-245 8,1+1,4 5,3-12,2 10+4 90-250
3.2 289435 245-363 9,9+2.3 4,8-16,0 11£3 100-250
TOTAL 232442 150-363 7,4+2.0 3,0-16,0 — —

Footnotes: * - M £SD — mean and standard deviation; * - significant difference between the given tract
and the rest, following t-test for independent samples, if p<0,01.

Simple correlation between height and diameter of winter stems on the plots appeared
strong (r=0,9, p=0,006).

The sampling of stem data set shows the distribution approximating to Gaussian one,
both in height and diameter (fig.2).

Gaussian distribution in a sampling occurs in locations of irregular flooding and with
shallow groundwater level in summer while high and stable flooding causes skewness of
sampling distribution by means of an increase in stem sizes.

K-S d=,12099, p> .20; Lilliefors p<,10 K-S d=,10974, p<,05 ; Lilliefors p<,01
— Expected Normal — Expected Normal

70
20 /\ 60 /\

No. of obs
&
No. of obs

ﬁt\ ) ﬁﬁt\ﬁ
0 0
100 150 200 250 300 350 400 0 2 4 6 8 10 12 14 16 18
X <= Category Boundary X <= Category Boundary

H D

Fig. 2. Examination of a sampling of reed stems in winter for Gaussian distribution: H — height (cm), D —
diameter (mm).

Sizes of stems inside huge reed areas are values of low and medium variation:
coefficient of variation varies 8-23 % in stem diameter and 9-19 % in stem height. Therefore,
in most cases it is sufficient to record sampling of 15-20 stems per each square meter for
keeping percentage error of mean under 5 %.

As an important result of observations in reeds there can be regarded finding
correlation between morphometric data set on a plot and the expected yield. Biomass of a plot
is a function of height, diameter and stem density of reed, therefore these values should be
related in the linear regression equation.
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m,kg =,29239 +,82527 * L*d*N
Correlation: r = ,94628
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Fig. 3. Pearson correlation: m, kg — harvested air-dried above-ground mass of reed, kg per 1 m’, L — stem
height, m; d — stem diameter, m; N — stem density per 1 m’.

Through recording data set on a few plots of 1 m” at the end of growing season, we
obtained a significant strong correlation between wet mass and product of height, diameter
and stem density (L*d*N) per square unit was confirmed: r=0,95, p<0,01 (fig. 3).
Interpolation of the obtained data was useful for predicting the expected yield range as shown
in Table 4.

Table 4
Interpolation of the expected yield of reed stands following morphometric data set recorded on sampling
plots in the Park
Height of cut stems, | Diameter of cut stems, Density of winter stems Expected yield,
X1 X1 2 -1
M? ecm limits of M *, mm per 1 m t*ha
70-90 (sparse)
181-236 5,0-8,1 90-150 (medium-dense) 25 (7)
150-250
208-324 9,5-12,2 (medium-dense and dense 13,5-16
stands)

Footnotes: M * — range of means (if M £ SD).

Taking into account the received values there should be concluded that regular
flooding promotes growth of reed in observed cases that means higher values of stem sizes,
biomass and stem density per plot (tab. 1, 3). In other geographical and environmental
conditions we can find facts confirming that denser stem stands are associated with shallower
water, though intermediate depths have experienced the greatest decline [BODENSTEINER,

GABRIEL, 2003].
Table 5
Average above-ground mass per 1 m’ plot of reed stands at the end of growing season in the Park

Plant mass fractions on a plot Wet mass, kg*m™ Alr-(li(g:::l_rzn ass,
Mass of harvested stems 1,64+0,59 1,31+0,47
Mass of stem base remains 0,10+0,05 0,08+0,04
Mass of plant litter on the 0,51£0,17 0.36£0,12
ground
Total above-ground plant mass 2,274+0,70 1,77£0,55

Records of stem remains and litter gave us estimating total above-ground plant mass
per square unit in reeds (tab. 5).
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Summer observations after winter harvesting

In the first year after winter harvesting, in the middle of growing season (July 2013)
morphometric observations were repeated within two reed areas differing in flooding stability.
Reed stands formed in summer on harvested and nearby non-harvested plots differed with
statistical significance (tab. 6, fig. 4). It can mean a slight decrease in the growth rate during
the first half of growing season on the harvested plots. Reed stems were thinner, sometimes
lower compared with the not harvested plots.

Table 6
A difference in sizes of reed stems observed next summer between the harvested in winter and nearby not
harvested plots
Tract 3, regularly flooded Tract 2, not regularly flooded
Values Diameter, mm Height, cm Diameter, mm Height, cm
N* WH* N WH N WH N WH
M=+SD 10,6+2,6%* (9,312 4%* |2174£59%* |175+£51%* | 5,1£1,4%* |4,4+£1,2%* | 110£26 | 108+40
mediane 10,0 9,0 219 174 5,0 4.0 115 105
95% confidence
— —| 10,1-11,1 | 8,8-9,7 | 206-228 | 166-185 | 4,8-5,4 4,2-46 |105-115 |100-115
interval M T t*m

Min-max 4,5-18,0 | 4,0-15,0 | 77-376 | 53-308 | 2,0-15,0 2,0-8,0 | 40-177 | 37-205
Footnotes: * - N — a plot not harvested in winter, WH — a plot harvested last winter.
** _ statistically significant difference between plots by the t-test at p<0,01.

5.6
114
5.2
110
4.8 106
102
4.4
o Mean
[ ] Mean+SE
© Mean 98 ] N 1 Mean+1.96*SE
40 [ Mean+SE
: ] 2 T Mean+1.96*SE
D H
TRACT 2
240
11.0
10.6 220
10.2
9.8 200
9.4
180
9.0
o Mean o Mean
3.6 [] Mean+SE i 160 [] Mean+SE
1 2 T Mean+1.96*SE 1 2 T Mean+1,96*SE
D H
TRACT 3

Fig. 4. A difference in sizes of reed stems in the first growing season after winter harvesting. Tract 2 — not
regularly flooded, tract 3 — regularly flooded. D — stem diameter, mm, H — stem height, cm. 1 — a plot of
winter harvesting, 2 — a plot not harvested in winter.
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In particular, in July within the regularly flooded tract3 a stem height was
significantly lower by 19 % on average on the harvested plot versus the not harvested one,
stem diameter — smaller by 12 % on average. Similarly, within the long-flooded tract 2 stem
diameter grew more slowly by 14 % on average, but there was found out no significant
difference in height growth.

Nevertheless, at the end of growing season 2013 dry reed stands appeared to be of the
same size and stem density per square meter as last winter 2012. Thus, a lag of the growth
observed in early growing season after the first winter harvesting was overcome later.

Just as winter measurements, summer observations confirmed a significant positive
but not strong correlation between height and diameter data of reed stems: for sampling of the
tract 3 a Pearson correlation coefficient was 0,57 for the harvested and 0,48 for the not
harvested plots, p<0,01; on the tract 2 — 0,69 and 0,28, appropriately, p<0,01 (fig. 5).

Thus, it should be admitted that the first winter harvesting probably does not affect the
morphometric data and plant mass of reed stands next growing season after harvesting in the
case of reeds not having been utilized many years before. The recorded decrease of the
average diameter was 13 %, with statistical significance, of stem height — even less and with
statistical significance not in all cases, and by the end of the year the indicated differences
disappeared.

L=283,923+5,1262*D L=823819+22,439*D
Correlation: r =,28103 Correlation: r=,69010

40
H N 20

60

260

180

S g 140
U.\
— 100
60
20
0 an a0
0 2 4 6 8 10 12 14 16 0,95 Conf.Int. 0 o ] ] ] ] ] ] |
D,mm o 1 2 3 4 5 6 7 80 20 4o
0,95 Conf.Int.
D,mm
Nh2 H2
L=102,63 + 10,831 *D L=66,553 + 12,003 * D
Correlation: r = ,47644 Correlation: r = ,57296
60 T T T T T T T T 60

2 4 6 8 10 12 14 16 18 200 30 AN 2 4 6 8 10 12 14 16 0 30 AN
0,95 ConfInt. 0,95 ConfInt.
D,mm D, mm
Nhs H;

Fig. 5. Regression line by size values of summer reed stems (July 2013). Tract 2, not regularly flooded: Nh,
— a plot not harvested in winter; H, — a plot of winter harvesting. Tract 3, regularly flooded: Nh; — a plot
not harvested in winter; H; — a plot of winter harvesting.

536



Harvesting of common reed in the national nature park “Pyriatynskyi” (Ukraine): capacity and opportunities
for nature protected area management

In the first year of observations after harvesting a damage of reed stems by
invertebrate pests varied from 40 to 56 % of stems both per harvested and nearby not
harvested plots.

Advantages of removal of reed biomass for wetlands environment

During Soviet Union period (since 50s till 1993—-1994) reed areas along the Udai river
were not large. The interested floodplain area was managed by seven community councils —
six of villages and one of a town. Maximum harvesting area was 5 to 30 (40) ha per village or
town council. Most of floodplain was occupied by highly productive flooded meadows used
for grazing or haymaking, not by reeds. It means that under intensive land use including
crops, grazing of large livestock, haymaking, reeds were significantly fewer distributed. Reed
was also used for producing the mats for feeding of worms of silk moth and for making roofs.

Thus, in times of traditional rural land use practices a river floodplain could
incorporate higher habitat diversity. During last 20 years reeds have occupied most area of
river floodplain and habitats. Nowadays every 2—3 years fires can burn down the third part of
reeds.

Harvesting of some reed versus complete reservation of wetlands will save the studied
floodplain and help in solving conservation and recreation objectives in the Park in such
ways:

— It can hold back an increase of peat layer [ WICHTMANN et al., 2009] and
transforming river ecosystems towards fens. Winter mowing can keep stability of vegetation
of marshes in cases when mid-summer lowering of water table happens [GRYSEELS, 1989].

— Some amount of biogenic elements is eliminated by mowing and thereby a
cycle of substances is stimulated in water.

Mowing in winter does not negatively affect reed stands [GRANELI, 1990; BUTTLER,
1992; GUSEWEL et al., 2000]. Under conditions of long flooding or shallow waters common
reed is a plant of high competitiveness and vitality versus other marsh plants which seedlings
are less tolerant to long flooding [LENSSEN et al., 1998]. Therefore common reed can easy
sprout each growing season. A dry reed stems can stay for a long time (up to 2 years) and
prevent germination of new shoots. Observations in Danube biosphere reserve [ZHMUD, 2006]
proved that yield significantly decreases in old reed stands which have been neither harvested
nor burned for many years.

There are convincing evidences that regular mowing at the end of growing season or
every 2 years does not necessarily cause a subsequent decrease of reed mass; in some cases
abundance and mass values even increased over 5-6 years [GUSEWELL et al.,, 2000]. In
contrast, additional harvesting in summer or autumn can rather induce biomass fall [ WEISNER
AND GRANELI, 1989; HELLINGS AND GALLAGHER, 1992], in particular, by 25-30 % compared
with a control since the third year of experiment [GUSEWELL et al., 2000]. Livestock grazing
can induce a significant fall of reed abundance just in 2—3 years [VAN DEURSEN AND DROST,
1990].

Considering the above historical and environmental facts we should obviously admit
that harvesting some of reed in winter is a good practice to keep stability of wetlands with the
minimum harm for environment and revival of traditional rural forms of land use in the newly
established Park. We adopted a traditional technique of harvesting used in the practice of
Danube biosphere reserve as recommendations for managing wetlands with reeds
[VOLOSHKEVYCH et al., 2001; THE PROCEDURE RECOMMENDATIONS..., 2007]: winter
harvesting cycle once per 2 years; mowing reed not continuously, plot-by-plot but in
alternating lanes, by hands or machines when ground is frozen or ice cover emerges; retaining
at least 25 % of reeds; monitoring on 100 m” control plots. Dense and moderate-dense reeds
(150-200 or more stems per 1 m®) are of a little attractiveness for mammals and birds so that
animals avoid over-grown sites. On the other hand, certain animals can maintain normal life
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activity if only having large areas of reeds, for instance, birds such as Botaurus stellaris L.
and Circus aeruginosus L occasionally occurring in the Park need reeds of 25 ha or more
square.

Conclusions

In the Park reed grows on large areas in eutrophic conditions. It is a highly
competitive plant with stands mostly of low and moderate density. The most productive sites
are under regular flooding; less productivity is observed on not regular, long-flooded sites; the
expected yield is 13—17 t*ha”’ and 2-7 t*ha”, appropriately. After a long period of
undisturbance the first winter harvesting did not affect reed stands in the first year of
observations. An intentional removal of some reed in winter can be accepted if minimum
squares of reeds are at least 70 ha with proportions of harvesting 3:2 (3 parts of reed to be
removed, 2 — to preserve); and at least 106 ha with harveting proportions 3:1. So there would
be retained not harvested 26-27 ha of reeds on each site in order to conserve animal species
associated with reeds.
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