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Average health condition index of European ash (Fraxinus excelsior L.) in inspected stands of the State Enterprise
“Trostyanetske Forest Economy” is 2 points. European ash mortality was the highest in Krasnyanske forestry (0.8 %
and 3.5 % of recently died trees and the trees died over a year ago respectively). The highest proportion of healthy
European ash trees were inspected in Makivske and Krasnyanske forestries (85.3 % and 50.1 % respectively). The
trees of European ash of the 1% category of health condition can be reliably distinguished from the trees of other
categories of health condition. A total score of “0” for all parameters of health condition (defoliation, dieback, and
epicormic shoots occurrence) reliably points the healthy tree. The trees can be assigned to the 1% category of health
condition with defoliation, caused by insects, up to 50 %, with up to 10 % dry branches and single epicormic shoots.
Multiple epicormic shoots are characteristic for the trees of the 3™ category of health condition. Ambiguous results in
distinguishing of European ash trees of the 2" and the 3", the 3" and the 4" categories of health condition confirm the
need for improvement of its assessment and annual monitoring the forest health at key plots.
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Introduction. European ash (Fraxinus excelsior L.) is one of the most spread tree species in
broadleaved forests of the Left-bank Forest-Steppe of Ukraine (Borysova 2016, Davydenko &
Meshkova 2014, 2017).

In recent years the health condition of European ash worsens in many European countries,
which is often connected with invasive fungus Hymenoscyphus fraxineus (Metzler et al. 2012,
Cleary et al. 2017). Apart from this disease, which spread is proved for Ukraine too (Davydenko et
al. 2013), many other causes of European ash decline have been reported, particularly wood decay
fungi (Matsiakh & Kramarets 2014), bacterial cancer (Goychuk & Kulbanska 2014), foliage
browsing (Meshkova et al. 2017) and xylophagous insects (Davydenko & Meshkova 2017).

In previous years in permanent sampling plots in Kharkiv region eight types of damage were
revealed in inspected European ash stands: frost cracks, mechanical damage of stems, epicormic
shoots, branch dieback, symptoms of bacterial disease and butt rot, signs of wood destroying fungi
and insect feeding. Their occurrence in different forest site conditions and depending on stand age
was evaluated (Meshkova & Borysova 2017a, 2017b). However, the relations of particular
symptoms of ash health worsening with health condition index were not studied.

Our previous research of European ash trees in Kharkiv region show, that the categories of
health condition do not always objectively describe the real health condition of deciduous trees.
Particularly European ash is classified as a healthy tree by crown appearance and to have stem rot
inside the stem, which is not visible at the absence of fruiting bodies. In other cases, European ash
trees have a high proportion of dry branches and are classified as severely weakened or drying up
trees, and at the same time, they develop the secondary crown due to epicormic shoots in stems and
branches. Defoliation caused by foliage browsing insects can be seen in June and be the cause of
tree classification as severely weakened or even drying up. However, after two months the same
tree can recover the crown and be classified as healthy or weakened.

In 2018, the similar research was carried out in the State Enterprise “Trostyanets Forest
Economy”, which is located in the southern part of Sumy region and in the northern part of the
Left-bank Forest-Steppe of Ukraine.

Forest inventory data analysis show that an area of European ash stands for 2008-2018
increased in this forest enterprise more than twice (from 892.6 hectares to 2,035.1 hectares, and its
proportion in all forested area increased from 4.4 to 10 %).

The aim of the research was to evaluate the different symptoms of European ash health
condition and their relations in the forest-steppe part of Sumy region.
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Materials and Methods. Survey of 62 forest plots with European ash participation was carried
out in 2018 in Neskuchanske, Lytovske, Makivske and Krasnyanske forestries of the State
Enterprise “Trostyanets Forest Economy” (SE “Trostyanets FE”) (Table 1).

Table 1
Plot and European ash tree numbers assessed in different forestries of the SE “Trostyanets FE”

Parameter Krasnyanske Lytovske Makivske Neskuchanske Total
Number of plots sampled 19 15 8 20 62
Total number of ash trees 513 409 34 573 1529
assessed
Mean number of ash trees per | 27.0+1.05a | 27.3+3.56a | 4.3+ 1.45b 28.7+2.07a 24.7+151a
plot*+SE (11-33) (1-43) (1-10) (19-61) (1-61)
Proportion of ash trees per plot, | 54.4+3.17a | 46.0+6.01a | 10.6 +3.73b 51.2+3.19a 45.7 + 2.70a
%*+SE (32,1-80,0) (3,1-81,8) (2,0-29,4) (27,4-83,7) (2,0-83,7)
Mean tree diameter. cm ** 35.8+219 | 31.9+444a | 7.6+1.01b 34.4 £ 2.06a 30.8 +1.82a

' (13-54) (3-67) (4-13) (16-53) (3-67)

*Means followed by different letters were significantly different at the 95 % confidence level.
** Figures in brackets show the smallest and largest values in each forestry.

The survey covered 1529 trees of European ash of 5-110 years old in the stands with 0.6-0.8
relative density of stocking and 2—-8 units of European ash in forest composition.

In each forest plot, 2—4 subplots of 10x10 m were inspected. The number of plots depended on
European ash presence. We tried to assess not less than 25 European ash trees per plot but in
inspected stands of Makivske forestry, there were rather few ash trees.

Stand age was not uniform in most of the plots because ashes of vegetative origin and seed
specimens of different age were presented. Therefore, we considered the diameter at breast height
as a more reliable parameter. Mean ash tree diameter was almost similar in all inspected forestries
except Makivske one (see Table 2).

Occurrence (incidence) of each type of damage was evaluated as the proportion of trees with
respective symptoms or signs.

The severity of each type of damage as well as tree health condition was estimated using
respective scores.

Crown defoliation and proportion of dry branches were estimated as a percentage and then
converted to points: 0 — absent; 1 point — up to 10 %; 2 points — 11-50 %; 3 points — 51-75 %; 4
points — over 75 %.

The severity of epicormic shoots was estimated by the score: 0 — absent; 1 — single; 2 —
multiple; 3 — completely covered stem.

Category of the health condition of European ash was evaluated on a range of visual
characteristics (crown density and color, the presence and proportion of dead branches in the crown,
etc.) according to “Sanitary rules in the forests of Ukraine” (Sanitary rules 1995). Each tree was
referred to one of six categories of health condition (1% — healthy; 2™ — weakened; 3™ — severely
weakened; 4™ — drying up; 5™ — recently died; 6™ — died over a year ago). Health condition index
(HCI) for forest stand was calculated as mean weighted from trees number of each category of
health condition.

The statistical analyses were carried out using software MS Excel, particularly for descriptive
statistics, analysis of variance (ANOVA) as well as a correlation between particular parameters of
tree health condition (Atramentova & Utevskaya 2008).

Results and Discussion. According to the “Sanitary rules in the forests of Ukraine”, the
European ash stands in the SE “Trostyanetske FE” are weakened (Fig. 1). Health condition index of
European ash stands, considering all trees (living and dead ones), was 2 points for the whole forest
enterprise and for Neskuchanske forestry. It was the highest (2.2 points) for Lytovske forestry and
the lowest (1.2 points) for Makivske forestry with the youngest ash stands. Forest health index for
living trees was a bit smaller than for all trees in the forestries with European ash mortality. As
mortality rate of European ash trees was rather low, therefore forest health index for all trees and for
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living trees differed slightly, except Krasnyanske forestry, where ash mortality was 4.3 % (0.8 %
and 3.5 % of recently died trees and the trees died over a year ago) (Fig. 2).
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Fig. 1 — Forest health index (FHI) for all European ash trees I, living European ash trees 1,4 and sum of
European ash trees of the 5" and 6™ categories of health condition in different forestries
of SE “Trostyanetske FE”

The highest proportion of healthy European ash trees were inspected in Makivske and
Krasnyanske forestries (85.3 % and 50.1 % respectively). The number of trees of the 2" and 3"
categories of health condition was rather low as well as the total number of ash trees in inspected
plots of Makivske forestry (see Table 1).
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Fig. 2 — Distribution of European ash trees by health condition categories (1-6) in different forestries
of SE “Trostyanetske FE” (data on trees of 5" and 6" health condition are pooled)

In Krasnyanske and Neskuchanske forestries the proportion of European ash trees decreased
with an increase of forest health category, however, in Lytovske forestry such proportion increased
from 21 % of healthy trees to 42.3 % of severely weakened trees (see Fig. 2).

Our analysis shows that ash defoliation has a trend to increase with the category of health
condition (Fig. 3). However, different defoliation may be found for each category of health
condition.
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Fig. 3 — Defoliation level for European ash of different categories of health condition
(0 —absent; 1 point — up to 10 %; 2 points — 11-50 %; 3 points — 51-75 %; 4 points — over 75 %)

A significant difference was revealed between defoliation score for the ash trees of the 1%
category of health condition on the one side and the trees of the 2", 3™ or 4™ category of health
condition on another side (p < 0.001). At the same time, the difference of defoliation score between
the ash trees of the 2" category of health condition on the one side and the trees of the 3" category
of health condition on another side was not significant (p > 0.1). Such difference between ash trees
of 2" and 4™ or between 3™ and 4™ health condition categories was significant only at p < 0.01.

The score of ash dieback has a trend to increase with the category of health condition (Fig. 4).
However, different dieback scores may be found for each category of health condition.
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Fig. 4 — Dieback level for European ash of different categories of health condition
(0 —absent; 1 point — up to 10 %; 2 points — 11-50 %; 3 points — 51-75 %; 4 points — over 75 %)

A significant difference was observed between dieback score for the ash trees of the 1%
category of health condition on the one side and the trees of the 2"°-4™ categories of health
condition on another side, as well as between each other pair of categories (p < 0.001). At the same
time, ash trees with 0-1 dieback score were found for each category of health condition, with 0-2
dieback score for 2"°-4™ categories, and with 2-3 dieback score for 3“-4" categories of health
condition (see Fig. 4).
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In our research, the epicormic shoots’ occurrence takes the values “0” and “1” for any category
of health condition, and the values from “0” to “2” for the 3™ category of health condition (Fig. 5).
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Fig. 5 — Epicormic shoots occurrence for European ash of different categories of health condition
(0 —absent; 1 —single; 2 — multiple; 3 — completely covered stem)

Epicormic shoots development in the ash trees of the 3™ category of health condition is crucial
for determining the fate of a tree, which can become “drying up” or recover to “weakened” or
“healthy” category.

From the database of field assessment for European ash health condition, the score values of
defoliation, dieback and epicormic shoots occurrence were determined for each category of living
trees health condition (Table 2).

Table 2
Scoring of European ash health condition by the basic symptoms (points)
Category .O.f Defoliation score Dieback score Epicormic shoots Total score range
health condition occurrence
1" 0;1;2 0; 1. 0,1 0-4
2" 2,3,4 0;1;2 0;1 2-6
3" 2;3;4 0;1;2;3 0;1;2 2-7
4" 2;3;4 1,2;3 0;1 4-6

It can be seen that the trees of European ash can be assigned to the 1% category of health
condition with defoliation score from 0 to 2 points because the tree can recover its foliage after
insect damage the current or the next year. Such trees can be healthy with the presence of up to
10 % dry branches and single epicormic shoots. However, the total score of “0” reliably points the
healthy tree (see Table 2).

The scores “2”—“4” for defoliation may be characteristic for European ash trees of the 2 3
and 4™ categories of health condition. The scores of dieback can be “0” for the trees of the 1%, 2™
and 3" categories of health condition. It can be “1” for all health condition of living ash trees, be
“2” for the trees of the 2", 3" and 4™ categories of health condition, and be “3” for the trees of the
3" and 4™ categories of health condition.

Both the absence of epicormic shoots and single epicormic shoots can be present on the living
ash trees of each health condition but multiple epicormic shoots are characteristic mainly for the
trees of the 3" category of health condition. The tree which is not able to recover by forming
secondary crown has a trend to become drying up and then die.
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Therefore, 82 combinations of scores are possible for defoliation, dieback and epicormic shoots
occurrence: 10 combinations for the 1% category, 18 for the 2™ and the 4™ categories and 36 for the
3" category of health condition. Any combination with the total score “0” or “1” is characteristic
only for the trees of the 1% category as well as total score “2” with “0” for any one parameter. At the
same time total score “2” with “2” points for defoliation and “0” points for other parameters is
characteristic only for the trees of the 2" category of health condition.

The total score “5” or “6” is characteristic for the trees of the 2nd, 3" and 4" categories of
health condition, and the total score “7” only for the trees of the 3" category of health condition.

Total score distribution of European ash health condition calculated for inspected plots of
SE “Trostyanets FE” shows the largest mean and mode values for Krasnyanske forestry and the
lowest values for Makivske forestry (Table 3). However, some trees in all forestries were rated by
the total score “4” points, in all forestries, except Makivske, the total score exceeded “4” points, and
in Krasnyanske forestry several trees were rated even “7” points.

Table 3
Total score range of European ash health condition in different forestries of the SE “Trostyanets FE”
Total score Krasnyanske Lytovske Makivske Neskuchanske Total
0 2.2 20.1 85.3 29.9 19.5
1 7.6 1.0 0.0 5.4 4.8
2 21.4 29.9 8.8 30.1 26.7
3 30.8 37.3 2.9 21.3 28.3
4 20.2 9.6 2.9 8.6 12.5
5 11.4 1.7 0.0 3.7 5.6
6 4.5 0.5 0.0 1.0 2.0
7 1.8 0.0 0.0 0.0 0.6
Score statistics:
Minimum 0 0 0 0 0
Mean 3.2+0.06 2.2+0.07 0.4+0.17 1.9+ 0.06 2.4+0.04
Maximum 7 6 4 6 7
Mode 3 3 0 2 3
Number of living trees 490 408 34 572 1504

Such ambiguous results confirm the need for a differentiated assessment of European ash
health condition and annual monitoring at key plots.

Conclusions. Average health condition index of inspected European ash stands is 2 points. It is
the highest (2.2 points) for Lytovske forestry and the lowest (1.2 points) for Makivske forestry.
European ash mortality was the highest in Krasnyanske forestry (4,3 %). The highest proportion of
healthy European ash trees were inspected in Makivske and Krasnyanske forestries (85.3 % and
50.1 %, respectively).

The trees of European ash of the 1% category of health condition can be reliably distinguished
from the trees of other categories of health condition. The total score of “0” for all parameters of
health condition reliably points the healthy tree. The trees of European ash can be assigned to the 1
category of health condition with defoliation, caused by insects, up to 50 %, with up to 10 % dry
branches and single epicormic shoots. Multiple epicormic shoots and the total score “7” are
characteristic for the trees of the 3" category of health condition.

Ambiguous results in distinguishing of European ash trees of the 2" and the 3", the 3" and the
4™ categories of health condition confirm the need for improvement of its assessment and annual
monitoring the forest health at key plots. Further research should be aimed at assessing changes in
the viability and productivity of stands, as well as timber quality at certain combinations of
parameters of the current health condition.
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CAHITAPHHIA CTAH SICEHA 3BUYAMHOIO V JIICOCTEMNOBII YACTHUHI CYMCBKOI OBJIACTI

1. Vkpaincokuii  naykoeo-0ocnionuul — iHcmumym — 1ico8oe0  2ocnodapcmeda  ma  azponicomeniopayii
im. I M. Bucoyvrozo

2. Xapxiscokuil HayionaieHul azpapHuil yHisepcumem im. B. B. Jlokyuaesa

Cepenniit iHmexc caniTapHoro cra”y sicena 3suuaiinoro (Fraxinus excelsior L.) B o0cTexxeHHUX HaCaKEHHAX
JHepxaBaoro miampueMcTBa «TpOCTSHEIbKE JIICOBE TOCIONAPCTBO» CTAHOBUTH 2 Oana. Biamag gepeB siceHa
3BHYaiiHOTO € HailbinbmmM y KpacusHcbkomy nicHunTsi (0,8 Ta 3,5 % CBIXKOro Ta cTaporo CyxoCTOH BiAMOBIZHO).
Haii6inpiry 4acTKy 340pOBHX JEpeB siceHa 3BMYaHOIO BHsIBIEHO y MakiBcbkoMy Ta KpacHSHCHKOMY JIICHHLTBAX
(85,3% Ta 50,1 % sigmosigHo). JlepeBa siceHa 3BuuaiiHOro | KaTeropii caHiTapHOTO CTaHy MOXJIMBO HAJiifHO
BIPI3HUTH BiJ JEpeB IHIIWX KaTeropiil caHitapHoro craHy. CymapHmii Oam «0» 3a BciMa MmapaMeTpamMH CTaHY
(medomiamist, BiIMHpaHHS TUTOK 1 HASBHICTh BOASHUX IMATrOHIB) HAJIHHO BKa3ye Ha 3II0pOBE JepeBo. JlepeBo Moxke
XapakTepu3yBaTucsi | KaTteropi€ro CaHiTapHOTO CTaHy 3a HAasBHOCTI CIPUYMHEHOI KoMaxamMu nedodiamii mo 50 %,
BiqmupaHHs 10 10 % TijdoK i HASIBHOCTI MOOJUHOKWX BOJSHHUX MaroHiB. HasBHICTP YHCIEHHUX BOJISHHUX IArOHIB
xapaktepHa s nepeB Il kareropii canitapHoro crany. HeomHo3HauHi pe3ynbTaTu y pO3pI3HEHHI JiepeB siceHa
3puuaiioro 11 i III, III ta IV kareropiii caHiTapHOrO CTaHy HiATBEPXKYIOTh HEOOXIJHICTh yJOCKOHAJICHHS METOJIIB
HOTO OIIHIOBaHHS Ta IOPIYHOTO MOHITOPUHTY CTaHy Haca/PKeHb Ha KJIFOYOBUX JIISHKAX.

Knwogosi cmosa: Fraxinus excelsior, canitapuuii cran, medomiartist, BiIMAPAHHS TiJIOK, HASABHICTD BOISHUX
MaroHiB.
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CAHUTAPHOE COCTOSIHUE SICEHS OBBIKHOBEHHOI'O B JIECOCTEITHOM YACTHU CYMCKOM
OBJIACTH

1. Vkpaunckuii  nayuno-uccneoosamenbCkuti  UHCMUMym — JIeCHO20 — XO3AUCMA U ASPONECOMENUOPAYUU
um. I'. H. Boicoyrozo

2. Xapvrosckull HAaYUOHAILHBLN azpapHblll yrusepcumem um. B. B. JJokyuaesa

CpenHuil MHIEKC CAaHHTAPHOTO COCTOSHHUS siceHsi oObIkHOBeHHOro (Fraxinus excelsior L.) B o6cnemoBaHHBIX
HacaxaeHusX [ocymapcTBeHHOro mnpennpustusi «TpocTsSHENKoe JIeCHOEe XO3sAHCTBO» cocTaBiseT 2 Oaia.
HauOonpimmii oTmaj AepeBbEB sICCHS OOBIKHOBEHHOTO oTMeuaetcs B KpacHsuckom necamuectse (0,8 u 3,5 % cBexero
U CTapoTo CYXOCTOSI COOTBETCTBEHHO). HamboubImast 1071 3M0pOBBIX JEPEBLEB SICEHS OOBIKHOBEHHOTO OOHApy)kKeHa B
Maxosckom u KpacHsackoMm necandectBax (85,3 m 50,1 % coorBeTcTBeHHO). [lepeBbs SICEHS OOBIKHOBEHHOTO
I kareropun CaHWUTApPHOTO COCTOSHMS BO3MOXKHO HAJEKHO OTIMYUTH OT JEPEBBEB IPYIMX KATETOPHH CaHUTAPHOTO
cocrostans. CymmapHsbnii 6amn «0» mo BceM mapaMeTpaM COCTOSHUSA (Ieoinannd, OTMHpAHWUS BETBEH M HAJIHMIUSA
BOJIHBIX NOOEroB) HaIE)KHO YKa3bIBAaCT Ha 3I0pOBOE ZepeBo. [lepeBo MOXKET XapakTepu3oBaThCsl | KaTeropuei
CaHNTAPHOTO COCTOSIHUSI NP HAJTHIHN BBI3BAHHOH HaceKoMbIMH aedommarmu 10 50 %, ormupanus no 10 % Berseit n
€IMHUYHBIX BOASHBIX M0OeroB. Hannune MHOrOYMCIICHHBIX BOASHBIX OOEroB XapakTepHo ais nepeBbeB 111 kateropun
CaHUTAPHOTr'O COCTOsIHMS. HeotHO3HAuHbBIe pe3yNbTaThl IPU Pa3IMYeHUH JepeBbeB siceHst o0bikHOBeHHOTO 11 n 111, 111
IV xareropuii CaHUTAPHOTO COCTOSHHS TOJITBEPIKAAIOT HEOOXOAUMOCTh YCOBEPIIEHCTBOBAHHSI METO/IOB €TI0 OLIEHKH M
CIKEroJHOro MOHUTOPUHI'a COCTOAHUA Haca>1<)1eH1/1171 Ha KIIFOYCBBIX yJacCTKax.

KnoueBbie caoBa: Fraxinus excelsior, canurapHoe cocrosinue, nedoinanus, OTMUpPaHUE BETBEH, HATHYHE
BOJSIHBIX IIOOETOB.

E-mail: valentynameshkova@gmail.com; borisova.valentina@ukr.net

Ooeparcano peokoneciero: 18.10.2017
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