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The biomass and metal contents (Zn, Cd, Ni, Pb, Cu, Sr, Mn, Fe, K, Na, Ca, Mg, Al)
of fine and coarse roots in the mature Norway spruce forest stand of Chornogora mountain
region (Eastern Carpathians, Ukraine) were investigated. The result indicated that the root
biomass decreased with increasing soil depth. The biomass and density of fine roots <2 mm
in diameter in litter layer accounted for 15% of the total amount in 40 cm soil profile. In
litter and 0-40 cm of soil profile the roots biomass was approximately 2000 g/m? for a live
roots, representing 90% of the total. The necromass does not exceed 10% of the total. Fine
roots are more metal rich as compared to the coarse ones. The diameter classes were found
to have a remarkable reduction in all elements, except Al, in coarse roots sizes (2—-5 mm
and 5-10 mm) as compared to fine roots (<2mm). Significant difference was found in Zn,
Cd, K and Al, Pb, Fe concentrations between live and dead roots. Base cations/Al-balance in
fine roots is much more then possible dangerous level 0.2 and does not pose a risk to forest
health in the region.
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Generally, fine roots are defined as roots less than 2 mm in diameter and very fine roots
less than 0.5 mm in diameter (Gill & Jackson 2000). Thicker roots are called coarse roots. Fine
roots play an important role in regulating the biogeochemical cycles of forest ecosystems. It has
been estimated that more than half of annual total net primary production by forests allocated to
fine roots [9] although fine root biomass contributes relatively little to total forest biomass [18]
and the amount of carbon and nutrients returned to the soil from fine root turnover may equal or
exceed that from leaf litter [15, 16]. Fine roots also have high levels of nutrient concentration,
turnover and decomposition rates, which affect nutrient availability in soils. Therefore, data re-
garding fine roots are critical to the understanding of nutrient cycles of forest ecosystems [19].

Materials and methods

Site

Research was conducted in The Carpathian National Nature Park located on the north-
eastern slopes of the Ukrainian Carpathians. A natural Norway spruce (Picea abies, (L.) H.Karst.)
is monodominant mature forest with no human interference located on south-eastern slope, 50
m bellow of upper timberline at elevation of 1,400 m and nearby Pozhyzhevska weather station
(lat. 49°08'39’N; long. 24°31'25°W) was selected as research area. A representative stand with
a slope of 15° in a 20 by 50-m plot with close up canopy 0.7, tree diameters at 30—40 cm and tree
height at 30 m was randomly selected as the sample area. The average annual amount of precipi-
tation is about 1,500 mm and the mean annual temperature is about 3°C.

Sampling and fine root processing

An excavation method was used to obtain soil samples. Three distances — 100, 150, and
200 cm from the base of the trunk were selected. Samples were taken at three duplicates at every
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distance. A 25 by 25-cm square sample hole was excavated at each spot at these 3 distances.
Preliminary observations indicated that soil deeper than 40 cm contained a fairly small amount
of fine roots. Therefore, the excavation process was stopped at 40 cm in depth. Soil excavated
from these layers was stored in sealed plastic bags which were brought back to the laboratory for
further categorization. In the laboratory these samples were placed in 1 mm sieves and washed
with water. Fine roots were dried at room temperature and weighed. Each root sample was ground
and mineralized using a dry combustion method (400-450°C). Ash was digested with HNO, and
solution was analyzed for Zn, Cd, Ni, Pb, Cu, Fe, Mn with flame atomic absorption or flame
atomic emission spectrometry for K, Na, Sr. The Aluminon method was used for Al [2]. Ca and
Mg were determined with complexometric titration [1].

Results and discussions

Differences in the fine root biomass did not reach statistical significance among distances
from the tree, so that we combined the results from different distances from the trunk and consider
them as average values in forest stand. However, there were noticeable differences found in fine
root biomass (Table 1) and densities (Table 2) among different soil layers. Both fine root density
and biomass were the highest in the surface soil and decreased sharply towards deeper soil lay-
ers, as reported also by many other investigators [5, 11, 13]. Therefore, 90% of the biomass of
fine roots was concentrated in soil of 0-20 cm in depth including litter above. The findings are
within data published earlier by Finér et al. (2007) [6], where in boreal forests fine roots biomass
achieves 80-90% of total fine roots located in the top 30 cm, or even top 20 cm. For fine roots of
<2 mm in diameter, the percentage of biomass at this depth was as high as 82%. Noteworthy the
biomass and density of fine roots <2 mm in diameter in litter layer accounted for 15% of the to-
tal. Fine root biomass (< 2 mm) in boreal forests generally ranges between 330 and 748 g/m? [6,
19]. The biomass for these size roots in Chornogora was within the same range. The necromass
amounted to 100 g/m?* was less than 10% of the total fine root content and compared with Majdi
and Persson (1993) [12], Helmisaari and Hallbacken (1998) [10], Carnol et al. (1999) [3] and Per
H. Nygaard & Helene A. de Wit (2004) [14]. A small fraction of necromass may be an indicator
of a highly vital root system.

Table 1

Fine root biomass (g/m?) in the litter and upper 40 cm of soil in the natural Norway
spruce monodominant forest of Chornogora mountain region (Eastern Carpathians, Ukraine)
(meanstandard deviation, n=9), 08.2014
Soil layer, Root diameter, mm

cm 02 | 25 | 510 | 1020 | 2050 Sum
6148 (15¥* 7£5 (2) o
Ap 30 - 0.5+0.5(1)** B - B 68 (4)
A, 0-10 186+1 1 6 (46) 11814_9 (39) 2141 5)4 (51) 46512_88 (60) B 983 (50)
86+114 (21) 94493 (30) 168489 (39) 255440 (33) 38 (100)
AB, 10-20 - 4+3 (1) 10+7 (2) 61420 (8) 714 (36)
71 (17) 60 (20) 24 (6)
AB, 20-40 - 30420 (9) 10+£9(2) B - 195 (10)
Total 402 314 426 781 38 1960

Comments: "*roots were found in only one from total number of duplicates (the result was divided into 9);
2*roots were not found;
S*numbers in parentheses are percentages of the total;
“*data below the line are dead root biomass.



€. lNyka, B. Poxak, I. LLinakiecbka, B. Koanoscbkuti
220 ISSN 0206-5657. BicHuk JlbBiBCbKOro yHiBepcutety. Cepis 6ionoriyHa. 2016. Bunyck 72

Table 2
Fine root density (kg/m?) in the litter and upper 40 cm of soil in the natural Norway spruce

monodominant forest of Chornogora mountain region (Eastern Carpathians, Ukraine)
(meantstandard deviation, n=9), 08.2014

Soil layer, Root diameter, mm
cm 0-2 \ 2-5 \ 5-10 \ 10-20 \ 20-50
AO, 3-0 20.3£16.0 2.3+1.7 Kk — —
A, 0-10 18.6+11.6 11.8+4.9 21.4+10.4 46.5+28.8 —
AB, 10-20 8.6t11.4 9.449.3 16.8+8.9 25.5+4.0 3.8*
AB, 20-40 3.5 3.0

Comments: *roots were found in only one from total num%gr of duplicates (the result was divided into 9);
**roots were not found.

In general, fine roots are considered to be rich in nutrient concentration. The presented
study also revealed that maximum nutrient concentrations were found in fine roots (<2 mm). The
diameter classes were found to have a remarkable reduction in all elements, except Al, in coarse
roots sizes (2—5 mm and 5-10 mm) as compared to fine roots (Table 3). In many cases there was
no significant difference between the 2—5 and 5-10 mm sizes of coarse roots. Noteworthy the
remarkable increasing of Al, Pb, Fe and decreasing of Zn, Cd, K concentrations in dead roots
compared to living ones. In the first case that may be caused by passive transport in “soil solu-
tion—roots tissues” system and in the second — by retranslocation of elements from dead to living
roots. No statistically significant difference in concentrations of other analyzed elements probably
indicates that retranslocation might not be a factor for them. Very little information is available

Table 3

Nutrient concentrations (mean=tstandard deviation) of fine roots in the natural Norway
spruce monodominant forest of Chornogora mountain region (Eastern Carpathians, Ukraine),

n=9, 08.2014
Roots,| Zn Cd Ni Pb [Cu| Sr | Mn Fe K Na Ca Mg Al
mm mkg/g mg/g
A, 3-0

02 5848 1.540.33.3£0.7 944 746 12+7 182453 178497 0.9+0.3 0.16:0.06 3.2+0.6 0.7+0.1 0.4+0.3

55 536 LIH0828+1.3 452 4l 1586 85:60 98+50 1.1+0.10.17:0.08 28202 0.7:0.1 0.2+0.1
35 08 1.1 16 5 9 166 205 06 036 31 12 02

A, 0-10

0-2 81+122.0+0.74.1+1.0 70430 61 2112 103+74 555140 1.8+0.4 0.24+0.13 3.5+0.7 0.8+0.1 1.8+0.4

2-5 67412 1.140.8 2.240.5 39414 4+1 16£9 75429 2294221 1.5+0.5 0.15+0.07 3.3+0.9 0.8+0.2 1.4+1.7

5-10 50414 0.8+0.1 1.6+1.0 38424 4+1 1448 54426 3214323 1.540.6 0.14+0.09 3.5+0.9 0.5+0.1 1.8+1.8

10-20 33426 0.5£0.3 1.8+1.0 28424 31 948 30425 400+560 1.0+0.7 0.100.08 2.3+2.3 0.3+0.2 2.0+1.9

AB, 10-20

0-2 96425 1.4+0.73.4+5.4 36427 5+1 138 9131 404+658 1.0+0.3 0.35+0.59 2.8+0.9 0.8+0.4 1.8+1.3

5 5 89:241.080222+1.040:22 41 1346 59+34 301-183 1.240.3 0.26+0.29 2.6+1.0 0.3+0.2 2.3+1.3
15 03 46 49 8 7 14 88 039 057 07 01 102

57420 0.7£0.3 1.541.1 2413 341 1246 43428 2724189 1.340.7 0.14+0.11 2.4+1.2 0.540.2 2.642.1

510 58 1.1 2.8 4 4 5 50 441 0.7 0.25 24 0.5 6.4
1020 51428 0.6+0.4 1.6+0.3 34+25 442 7+2  40+47 392+263 0.7+0.4 0.08+0.05 1.8+1.0 0.4+0.3 3.4+3.9
AB, 20-40
0-2 91£291.5+0.54.1£1.6 39+37 61 28+12 54+18 743+6491.7+0.7 0.52+0.73 1.9+0.3 1.0+0.7 4.4+2.0
25 99428 1.240.22.1+0.6 15+7 441 17+1 45+4 121+10 1.2+0.1 0.08+0.04 2.1+0.1 0.7+0.1 1.4+0.3

42 0.3 1.3 20 4 15 25 541 0.7 0.5 1.6 0.5 43

510 ns 05 14 11 3 21 44 107 1.0 0.09 26 06 06
14 0.1 04 12 6 6 7 279 0.4 0.14 0.5 0.2 33

Comments: *data below the line are dead root element content (mixed sample was analyzed).
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on the content of macronutrients and trace elements especially in fine roots of Norway spruce
forests. So that we have no opportunity to compare our results to the values for other regions.
However the K, Ca, Mg concentration in fine roots of Chornogora region is much less than aver-
age values for fine roots in general [8].

Base cations/Al-balance in soil water and fine roots has been suggested to be used as an
indicator of aluminium toxicity. With a low Ca/Al ratio roots may be damaged due to antagonistic
effects of Al on Mg and Ca uptake. Based on laboratory studies, Cronan and Grigal (1995) [4]
conducted that there is a 50:50 risk on tree growth when the soil solution molar Ca/Al ratio is as
low as 1.0 or fine roots tissue Ca/Al molar ratio is < 0.2. Field experiments do not approve conclu-
sion above [17]. No support was found for the proposed critical value of the Ca/Al ratio in root
tissue of 0.2 as indicator of ecological stress. The lowest observed in field-based experiment Ca/
Al ratio of fine roots was 0.15 and mortality was <10% of the total amount of fine roots. However,
Mg/Al ratios of the roots when treating with Al decreased, which supports the hypothesis of the
antagonistic effect of Al on uptake of Mg. Authors conducted that Mg/Al ratio in root tissue might
be a possible indicator of nutritional stress [14]. In any event base cations/Al ratios in Chornogora
were much larger than possible dangerous ones for fine roots functionality (Table 4).

Table 4

Base cations/Al balans in soil water and living fine roots in the natural Norway
spruce monodominant forest of Chornogora mountain region (Eastern Carpathians, Ukraine),

n=9,08.2014
Lysimetric water* Roots <2 mm Roots 2-5 mm
Soil layer Ca/Al ‘ Mg/Al Ca/Al ‘ Mg/Al Ca/Al ‘ Mg/Al
mol/mol
O horizon 7.3 2.2 5.0 1.9 9.4 3.9
0-10 cm 2.3 1.9 1.3 0.5 1.6 0.6
10-20 cm - - 1.1 0.5 0.8 0.2
2040 cm 10.0 39 0. 0.3 1.0 0.5
Comments: *unpublished data (average for 2015 growing season).
CONCLUSIONS

The fine root biomass of Norway spruce forest stand of Chornogora mountain region falls
within the same range as that in the corresponding vegetation zone in the other parts of the world.
Root biomass was concentrated in the top 40 cm soil layer and demonstrate a sharp decrease with
soil depth.

It is evident from the results that there is reduction in nutrient assimilation with the in-
crease in diameter of the roots. Fine roots are more nutrient rich as compared to the coarse ones.
Significant difference in Zn, Cd, K and Al, Pb, Fe concentrations between live and dead roots sug-
gest that there is possible retranslocation from senescent roots in first case and passive transport
from soil solution to the roots in the second.

Ca/Al molar ratio in the fine roots suggest that the potential aluminum toxicity is not the
driving factor of the crown condition in Norway spruce and the Ca/Al ratio itself does not pose a
risk to forest health in the region.
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PO3OOALI I BMICT MIHEPAJIBHUX EJIEMEHTIB Y TOHKHUX KOPEHAX
KOPIHHUX CMEPEKOBHUX JEPEBOCTAHIB I'TPCbKOI'O MACHUBY
YOPHOT OPA (CXIJTHI KAPITATH, YKPATHA)

€. Ilyka, B. Poxkak, I. llInakiBchbka, B. Ko3sioBcbkuii*

Inemumym exonoeii Kapnam HAH Ykpainu
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Bymo nocnmimxeHo 6iomacy Ta BMicT MiHepanpHHX enemeHTiB (Zn, Cd, Ni, Pb,
Cu, Sr, Mn, Fe, K, Na, Ca, Mg, Al) y TOHKHUX i TpyOHX KOPEHSX KOPIHHOTO CMEPEKOBOTO
nepeBocrany B YopHoripcbkoMy MacuBi YkpaiHcbkux Kapmar. Beranosneno, mo maca
KOPEHIB 3MEHIIy€eThCS 3 TNIHOMHOI0. biomaca i rycTiHa TOHKUX KOpPEHIB < 2 MM CTaHOBHTh
15% Bing cymapuux BeanunH y 40 cM mapi rpyHTy. Y migctwimi # Bepxabomy 0-40 cm
mapi rpyHTy 30cepemkeHo 10 2000 r/m? KHMBHX KOPEHIB, IO CTaHOBUTH 10 90% Bix
3araibHOI KinbkocTi. YacTka Hekpomac He nepeBuiye 10%. ToHKi KopeHi MiCTATh OibIne
MiHEpalIbHHUX €JIEMEHTIB IOPIBHSIHO 3 IpyOnMH. 31 301IbIIEHHSM TOBIIHHH CIIOCTEPIraeThest
MTOMITHE 3MEHIIICHHSI BMICTY BCiX €JIEMEHTIB, 32 BUHATKOM Al. BUsiBIeHO 3HaYHY Pi3HHUIO
y piBHsx HakonmueHHs Zn, Cd, K, Al, Pb, Fe sxuBumu kopersmu ta BigMepaumu. MosspHi
CIIBBITHONIEHHS OCHOBHI KaTiOHW/Al y TOHKMX KOpPEHSX € 3HAYHO OUTBIIMMH, HIK
MOTCHIIIHHO HeOe3MeuHuil sl iepeBocTaniB piBeHb 0.2, i cBim4arh, mo BMicT Al He €
MO)KJIMBOIO IIPUYNHOIO BCUXaHHSI CMEPEKOBHUX JIEPEBOCTAHIB Y PETiOHI.

Knrouosi crnosa: cMepekoBi JIicH, TOHKI KOpeHi, 0ioMaca, MiHEpaJIbHi eIEMEHTH.

PACITPEJAEJIEHUE U COAEP)KAHUE MUHEPAJIBHBIX 9JIEMEHTOB
B TOHKHUX KOPHAX KOPEHHBIX EJIOBBIX IPEBOCTOEB I'OPHOI'O
MACCHUBA YEPHOTI'OPA (BOCTOYHBIE KAPIIATBI, YKPANHA)

E. llyka, B. Poxkak, U. llInakusckas, B. Ko3ioBckuii

Unemumym sxonoeuu Kapnam HAH Ykpaunol
ya. Kosenvnuyxas, 4, JIvsos 79026, Ykpauna
e-mail: vkozlovskyy@gmail.com

HccnenoBanu Omomaccy M COAEpKaHWE MHHEPAJIbHBIX »IeMeHTOB (Zn, Cd, Ni,
Pb, Cu, Sr, Mn, Fe, K, Na, Ca, Mg, Al) B TOHKHX ¥ TOJICTBIX KOPHSIX KOPEHHOTO €JI0BOTO
npeBocTos B YepHOrOpcKoM MaccuBe YkpanHckux Kaprat. YeraHoBiIeHO, 9To Macca KOpHEH
yMeHbIIaeTcsl ¢ mIyOuHoW. buomacca M MIOTHOCTh TOHKHX KOpHEH < 2 MM COCTaBIIAeT
15% ot cocoTrBeTcTBytomMX BenuuuH B 40 cM crnoe moussl. B moactuike u Bepxaem 0—40
CM CII0€ MOYBBI cocpenotodeHo 10 2000 r/m> UBBIX KOpHEii, 4To cocrasmsier 10 90% ot
obmero komuuecta. Jlomst Hekpomaccsl He mpesbimaeT 10%. ToHkue kopHH comepkar
OomblIIe MHHEPATBHBIX IEMEHTOB MO CPABHEHUIO C TONCTHIMU. C yBEIHYEHNEM TOJNIIUHBI
COZIepIKaHMEe BCEX METAJUIOB, 3a HCKIOUeHHeM Al, 3ameTHO ymeHbmnaercsa. OOHapyxeHa
3HAUUTENIbHAS pa3HHULA B YPOBHAX HakoruieHus Zn, Cd, K, Al, Pb, Fe xuBbiMu u oTmMepmmmu
KOPHSMHU. MOJISIpHBIE COOTHOIICHUSI OCHOBHBIE KAaTHOHBI/Al B TOHKHX KOPHSX 3HAYUTEIBHO
BBIIIE, YeM TOTEHIHATbHO OMACHBIN A IpeBOCTOEB ypoBeHb 0.2, U CBHIETEIBCTBYIOT,
41O comepxkanue Al He ABIAETCS BO3MOXKHOIH MPUUYMHOHN yCBHIXaHUS €IOBBIX JIPEBOCTOEB B
peruoHe.

Knrouessie crnosa: enoBbie Jieca, TOHKHUE KOpHH, 6uomacca, MHWHEPAJIbHBIC DJIEMCHTBI.



