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ESTIMATION OF THE SANITARY STATE OF THE PINE TREES BY ELECTROPHYSICAL
METHOD IN URBAN PLANTINGS OF YEKATERINBURG

(OLLEHKA CAHUTAPHOIO COCTOAHUA COCHOBbIX NEPEBBEB
ANEKTPOPUIUYECKUM METOAOM B FrOPOACKUX HACAXOAEHUAX EKATEPUHBYPTA)

The scale estimation of sanitary state categories by using Electrophysical Method for pine Trees Urban
Plantings of Yekaterinburg are presented in the article.
Ipedcmasnena wikana oyeHKu Kame2opull CAaHUMapHo20 COCMOsIHUS OJisL 0ePedbes COCHbL 00bIKHOBEHHOU HA
OCHO8e 3eKmpoghusueckoeo memooda 8 Hacadxicoenusx Examepunoypea.

Introduction

At present the sanitary state of
trees is generally assessed visu-
ally. The parameters to consider are
crown condition, foliage (needle-
foliage) condition, the degree of
insect and phyto-infestation, physi-
cal damage, etc. Identifying these
parameters is based on subjective
perception rather than qualitative
parameters.

It has been stated in specialist
literature that one needs to develop
more objective methods of tree
health assessment. Among other
things it has been suggested to as-
sess the sanitary state by thermal and
electrophysical parameters (Kashiro,
1970, Matorkin A.A, 2009, et al).

We believe that the electro-
physical method is especially note-
worthy. It is based on measuring
electrical impedance of plant stem
cambial zone. This parameter is
mostly contingent on water content
of tree organs. This method pro-
vides rather objective assessment
of plants without damaging their
tissues or breaking their ontogeni-
cally determined interaction.

Aim of the study
The research aims at developing
a scale to determine tree sanitary

state categories using electrophysi-
cal parameters which increase as-
sessment accuracy and objectiv-
ity during the inventory of urban
green space elements.

Materials and methods

The field research was conducted
in natural pine stands located in var-
ious parts of Yekaterinburg (pocket
parks, parks and woodland parks).
The average age of pine forest rang-
es between 120 and 140 years. Dur-
ing Stage 1 sample trees of various
sanitary states were selected in the
stands under study. Their sanitary
state categories were determined
visually using a corresponding
scale. There were the following cat-
egories: healthy trees (category 1),
weakened trees (category 2), highly
weakened trees (category 3), drying
out trees (category 4), dead standing
trees (category 5). To achieve the
objective 107 sample trees were se-
lected. Their sanitary state category
distribution is shown on Table 1.

During stage 2 each sample tree
was measured at four different fre-
quencies (1kHz, 10kHz, 100Hz,
120Hz) to determine electrical im-
pedance (R, ohm), an electrophysi-
cal parameter of the cambial zone,
using the RLC Aktacom-3123

measuring device with a custom-
made test probe at a height of
1.3 m above the butt at four car-
dinal directions. Before that, small
2 by 2-square-centimeter sample
areas had been prepared. The test
probe was stuck in about 13 mm
deep. The distance between test
probe contact points was 1 cm.

Discussion

While processing the experi-
mental data we solved the follow-
ing methodological problems:

1) Which cardinal direction is
most suitable for measuring?

We analyzed data obtained by the
RLC Aktacom-3123 measuring de-
vice at every frequency at four car-
dinal directions and found out that
there is no correlation between car-
dinal directions and the parameters
measured. Hence we may conclude
that one can take measurements at
any direction, but it ought to be the
same with every tree at a given site.

2) Another methodological prob-
lem to solve was at which height
and which frequency we are to take
measurements.

For this we used the E7-25 im-
mittance
with a range between 25 hertz to
1000 kilohertz. The device works

measurement  device
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Table 1
Sample trees distribution on various objects by grade of sanitary state
N Location of objects of study Number of user trees by grade of sanitary status Total
1 2 3 4

1 Square (Mashinostroiteley street) - 1 11 3 15
2 Kalinovskii WoodLand Park 3 13 1 2 19
3 Square (Iasnia street) - 7 - 3 10
4 Shyvakishskii WoodLand Park 20 22 4 - 46
5 natural pine stand (district of Sortirovka) - 1 12 1 14
6 natural pine stand district of Akademicheskii - 1 2 - 3

Total 23 45 30 9 107

in the automatic mode with a com-
puter. Slide 10 shows this compu-
ter-supported operation. After the
test probe contact points had been
inserted in the bast all we had to
do was run custom software so that
the measuring device could read
and record electrical impedance
R and capacity C at recommended
frequencies. Using the data obtai-
ned, hodographs were plotted in
special program. The hodograph
data and the data file analysis prove
that the optimal measurement fre-
quency is 10 kilohertz. We came
to the conclusion that a frequency
of 10 kilohertz is to be used for fur-
ther research.

3) The next stage was to de-
velop scale to determine tree sani-
tary state categories.

Using the STATISTICA 10 soft-
ware the main statistical parame-
ters were calculated: mean, stan-
dard deviation, variation coeffi-
cient, precision for electrophysi-
cal parameter R for all sanitary
state categories (Tab. 2).

Analyzing the Tab. 2 we can
conclude that there is a correla-
tion between and sanitary state cat-
egory, wood moisture content and
electrical impedance R. The worse
the tree sanitary state is, the higher

the electrical impedance. That is
why a preliminary sanitary state
category assessment scale was de-
veloped using the electrophysical
parameter R. The scale is shown
on Tab. 3. Using the scale we can
assume that the value of electrical
impedance for category 1 trees is
up to 7 kOhm, that for category 2
trees is between 7 and 11 kOhm,
and that for category 3 trees is

between 11 and 20 kOhm. Carego-
ry 4 is assigned to trees with values
over 20 kOhm.

Resume

The recommendations and the
scale make it possible to determine
with more accuracy sanitary state
categories for pine trees. Further
research can be conducted for other
local species as well.

Table 2
Basic Statistics for Electrical Impedance
Basic Statistics for R, Ohm
Sanitary -
state mean standard min. max. prgfciilé)n
category value deviation value value . 0
experiment, %
1 6912 164 5600 8200 2.4
2 8756 267 7525 11500 3.0
3 11302 640 9275 15475 5.7
4 370499 9326 23575 3334490 2.5
Table 3

Preliminary sanitary state category assessment scale
for pine trees by electrical impedance

Sanitary state Electrical impedance (R, Ohm)
category
1 less than 7000
2 7000-11000
3 11000-20000
4 over 20000
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YCTOMYMBOCTb NIECHbIX HACAXXOAEHUA K ASPOTEXHOITEHHOMY 3ATrPA3HEHUIO
B 3ABUCUMOCTU OT CTPYKTYPbI, BO3PACTA, COCTABA IPEBOCTOEB
N YCNOBWUA MECTONPOU3PACTAHUA

(RESISTANCE OF FOREST PLANTATIONS TO AIR POLLUTION DEPENDING
ON THE STRUCTURE, AGE AND SPECIES COMPOSITON
OF FOREST STANDS AND SITE CONDITIONS)

chaHogﬂeHo, umo yCI’}’IOT/?'{MSOCWlb JIECHbIX HACAINCOCHU K aA3POMEXHOCEHHOMY 3ACPAZHEHUIO 3A6UCUmM O

CMPYKMYpbl, 603pacma, cOCmasa 0pesocmoes i yCiosutl mecmonpouspacmanus. Ilonyuennvie oannvie ceude-
MenbCMEYION 0 3HAYUMETbHOM YXYOULEHUU COCMOSHUS 1€C08 MO0 B030€LCMBEUeM A9POMEXHOLEHHO20 3a2pPa3-
HeHUsl 8 HeOIA2oNpUsIMHbLe NO KAUMAMUYECKUM YCA0GUSIM NEPUOObl. YCmouuugocms 1eco8 K blopocam @ 9mo
8pemsL cHudcaemcesi. B makue nepuooul, Kax npasuio, nposigasemcs Igh@hexm max Hazvl8aemo2o «HAKONJIEHHO20
6030€liCMBUsLY 8 YCIOBUSIX XPOHUYECKO20 A3POMEXHO2EHHO20 3A2PSI3HEHUS.

It was found that the stability of forest stands to air technogenic pollution depends on the structure, age
and composition of stands and site condition . The obtained data confirm that in adverse climatic conditions
significant deterioration of forests occurs under the influence of air technogenic pollution. Stands resistance
to emissions is reduced during such periods. During such periods the effect of the so-called “accumulated

impact” in conditions of chronic air technogenic pollution is found as a rule.

HUccnenoBanus B
KPYITHBIX TIPOMY3JIOB Ha Ypaie
MMOKA3bIBAIOT, YTO II0J BIUSHHU-
€M a’3pPOTEXHOTEHHBIX BEIOPOCOB
pa3BI/ITI/IC JICCHBIX Haca)KILCHI/Iﬁ

paiioHax

COIMPOBOKAACTCA CHUXCHHUEM HX
o01ero OMOJIOTUYECKOTO pa3Ho-
o0pa3us, TIPOIYKTUBHOCTH, a TaK-
K€ YIPOIICHUEM CTPYKTYpBI, W3-
MEHEHHEM KPYroBOpOTa XUMHUYE-
CKUX 2neMeHToB. HalOmromaercs
TOPMO)KEHUE KaK NPOLYKLIHUOHHBIX,

TaK W JECTPYKTHBHBIX IMPOIIECCOB.

B 30He cuibHOrO MOpaKeHUs
CYM3a, Hampumep, HacaXIeHUS
HaxomaTcs B V (TmocienmHei) cra-
JIAH JIATPECCHH.

Venosus  mecmonpouspacma-
Hus. Ha MECTHOCTSIX C CHJIBHO BBI-
paXEHHBIM pebeoM, O0COOCHHO
B OOpeasbHBIX JIecax, COCTOSHHE
KpPOHBI JIEPEBbEB B 3HAUMTEIILHOM
CTENEHU 3aBHCHUT OT BIHMSIHHS Be-
TPOB, MOATOMY IMIpEIJIaraloT Ipu
3akiajike TIIIT BbIaEATh YeThIipe
TOoTIOTpaPUIECKUE TIOTOKEHUS:

1) BeprmiiHA (BEPXHSS YACTh XOJI-
Ma, wiato ¢ ykioHoMm menee 20°);
2) ckioH (ykioH 6omnee 20°);

3) Teppaca WK MIOCKUM CKIOH
(yxion menee 20°);

4) paBHMHa, fonuHa U T.00. (Jle-
CUHBCKH, ApMonaiTuc, 1992).

HccenenoBanust COCTOSIHMSL €J10-
BO-JIMCTBEHHUYHBIX JIECOB M PEl-
KoJiecHii B 30He aencTBus Hopuib-
CKOTO
xombuHara (HI'MK) nokazanmu, uto
YCTOWYHBOCTB IPEBOCTOEB 3aBUCHT

TOPHO-METaJUTY PrUYECKOTO






