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Abstract

The decline phenomenon of stands can be defined as the totality of effects that damage the normal vegetation state of trees
and stands. There are two types of decline, the acute one, with fast development, and the chronical one, with slow development
in space and time. The accurate capture of the phenomenon has direct implications for the forest management measures. A
first step in this direction is the analysis of the development type and of its dynamics. Forests which have Quercus species in
composition are affected more by this phenomenon. There were identified oak stands presenting decline phenomenon in 9
Forest Districts in Northwestern Transylvania and 22 experimental plots were analyzed. These plots were located in middle
aged stands that were affected in different ways. The study was performed during 2013-2015 and focused on crown level
assessments of trees, taking into consideration the shape and size, defoliations, percentage of dead or missing slender branches,
number of dead thick branches, presence of epicormic branches or dormant buds on the stem, presence of pathogens or pests.
These elements were used for calculating some technical indicators of the health and vegetation state: degree of dieback,
damage and devitalization, synthetic index damage, annual mortality rate. In 7 out of 22 stands, the overcoming of the
incipient stage and beginning of active dieback stage was observed. The strongest correlation occurred between the annual
mortality rate and the synthetic index damage.
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Introduction

Quercus species, especially common oak (Quercus robur)
and sessile oak (Quercus petraea), core species for most of the
broadleaf forests in Europe, show, in many areas, structural
and  ccological ~ degradation = phenomena  and
symptomatology. The negative impact on forests of
environmental factors was, in Romania, similar to the one
described in most European countries, and there existed
numerous situations in which devitalization, deterioration
of vegetation state and occurrence of abnormal diebacks
started to become frequent (Rossnev ¢# al, 1994; Woo,
2009; Sonesson and Drobyshev, 2010; Popa ez al, 2013;
Jankowiak ez al., 2014; Keca ez al., 2016).

The fast development of symptoms, their space
spreading and their action upon forest species lead to the so-
called syndrome, “the unknown forest decline” (Badea and
Tinase, 2003). The aspects of this phenomenon, a
consequence of the harmful effects of biotic and abiotic
factors could not be explained through research conducted
at that time. Finally, the decline of forest ecosystems was
assigned to the effects of the negative action of atmospheric
pollution, highlighting the relations between cross-border
pollutant deposits and main components of the ecosystem,
climate changes or virulence increase of some biotic agents
(Alexe, 1986; Jung and Blaschke, 1996; Desprez-Loustau ez
al., 2006; Trudic ez al., 2013).
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Currently, it is considered that what is generally known
as “dieback” or “forest decline” is in fact a complex
phenomenon, caused by the evolution in time of the
environmental conditions from forest biocoenosis (Millar
and Stephenson, 2015). This phenomenon can be assigned
to some structural or functional disorders, in which several
categories of disturbing and harmful factors concur and
interact in different ways and directions, leading to
weakening of tree’s vigor and culminating with their death.
In a general meaning, stand decline phenomenon can be
defined as the totality of effects that damage the normal
vegetation state of trees and thus, of the stands (Delatour,
1983; Thomas ¢t al., 2002; Pap ez al., 2014a).

There are several definitions and meanings of the terms
forest decline and devitalization. These terms are not
standardized, being subject to future debates and their
definition is still under development. However, it is
unanimously accepted that there are two types (models) of
decline - an acute one, with fast development, and a
chronical one, with slow development in space and time
(Denman, 2014). The combination of factors that causes
disequilibrium varies on area, year, forest type, leading to a
varied symptomatology, which is strongly influenced by the
environment and numerous biological interactions (Marcu,
1986; Fithrer, 1998; Thomas, 2008; Andersson ez al., 2011;
Santini e al., 2013; Sohar ez al., 2013; Dinescu ez al., 2015).

The effects of these decline phenomena are expressed
through symptoms (defined as host responses) and evidence
(traces left by pest and pathogen attacks on host trees),
which in most of the cases occur as a combination. These
can develop sequentially or simultaneously and can have an
individual or a cumulative action on development in host’s
environment, whose sensibility increases in time (Tulic and
Bijak, 2016). The factors involved act on different levels,
simultancously or one at a time (Raftoyannis e# al., 2008;
Brown ez al., 2017).

Therefore, at crown level the effects of prolonged
draughts, late freezes, defoliations, pathogen attacks,
pollution, etc. are felt. The short and medium term effects
arc the reduction of photosynthesis, nutritional
disequilibria, having as result the loss of the crown. At stem
level, xylophagous insects and fungj, extreme heat or frost
generate disturbances of metabolism and conductivity,
reduce primary resistance and cause diminutions of the
thythm of cambial activity, while at rootlet system level,
draughts, stagnant water, acidification, nutritional
disequilibria, pathogenic fungi and bacteria, which most
often cause problems of assimilation or even the reduction /
complete stop of symbiotic relationships (Gibbs and Greig,
1997; Cséka et al., 1999; Hilszczanski and Sierpinski, 2006;
Fodor et al., 2011; Peskova et al., 2015; Vuts et al., 2016;
Denman ez al., 2017).

Long term observations performed worldwide lead to
the conclusion that in the manifestation of dieback
(decline) phenomenon of oak stands three phases can be
identified: a first phase of stand weakening, due to either
unfavorable climate conditions (prolonged draughts, water
stagnation, late frosts), either repeated defoliations followed
by the attack of Microsphaera alphitoides; a dieback phase,
with different intensities of manifestation, when the
installation of pathogens is favored and a phase of tree

death, which can be slow or fast (Ciesla and Donembauer,
1994; Neuwirth ez al., 2007; Voelker ez al., 2008; Hajji ez al.,
2009; Kunca ez al., 2010; Szewczyk et al., 2011, Pap ez al.,
2014b; Salle 7 al, 2014).

For the presented aspects, a highlight of the complex of
provoking, favoring, aggravating or compensatory factors
involved in oak de%ilitations was necessary to be made in
Northwestern Transylvania forests. A first step in this
direction is the analysis of the development model and of
the dynamics of this phenomenon. In order to achieve this,
several predictors of the decline have to be analyzed. These
predictors show the modifications that occur in the health
state, under different aspects (Haring ez al., 1984; Kunca et
al,, 2010).

In the hereby study, the modifications that occur in
stand health state were assessed. Observations performed in
successive years presented the possible direction and size of
these modifications at stand level.

Materials and Methods

Study area

The investigations were performed in Northwestern
Transylvania, in stands where the core species are Quercus
robur and/or Quercus petraea and in which several
symptomatology specific to the decline phenomenon
manifested, or those stands that are prone to decline due to
adverse factors of biotic or abiotic nature (repeated
defoliations, bark beetles, leaf and vascular diseases, late
frosts and repeated draughts, etc.) (Table 1). Only middle
aged and superior - medium productivity stands were
selected.

Data set

In each of these stands, a 0.5 ha experimental plot was
installed. All trees belonging to I-III Kraft classes were
inventoried and numbered. For each tree, the following
characteristics were analysed: Kraft class, crown shape and
size, average defoliation percentage on a 5% scale, vegetation
state, percentage of dead or missing slender branches,
number of dead thick branches in the upper third of the
crown, presence of epicormic branches or dormant buds on
the stem, presence of pathogens or pests, together with a
description of the encountered defects or degradations. The
observations were repeated between 2013 and 2015 and the
assessment period was June-August. The descriptive
characteristics were converted into numerical characteristics
(Table 2).

Stand evolution was analyzed and compared using the
following indicators:

Degree of damage: Gv = (n2 + n3 +n4) x 100 /N

Degree of dieback: Gu = (0.5x n3 + n4) x 100/ N

Degree of devitalization: Gdev = (Gu + Gv/10)/2, where
n- number of trees belonging to the class: 721 0- 10% (very
low damaged, defoliated tree), 722 11- 25% (low damaged,
defoliated tree), 723 26-60% (medium damaged, defoliated
tree), 74 > 60% (heavy damaged, defoliated tree), N —
number of analyzed trees.

The degree of damage and of dieback are predictors
usually usec% in the assessment methodology of forest health
state in Romania (Technical Regulations of Forest
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Stand characteristics

N County Forest . disei Management
. t district i

? Administration orestaste unit/ Compartiment Composition Productiviey Crown Age Damage factor

class density
1 L56A 8Qr2Ca I 0.9 30 repeated defoliations
Satu Mare
2 I, 34C 7Qr3Ca I 0.6 80 grouped dicbacks
Satu Mare
3 Livad I, 34A 8Qr 2Fr II 0.8 50 grouped diebacks, site conditions
4 e L,69 7Qr 3 Fr 1I 0.8 50 grouped diebacks, site conditions
5 IV, 34 8Qr2Ca I 0.8 40 repeated defoliations
6 Somcuta Mare 1V, 55B 7Qr3Ca 1 0.9 80 repeated defoliations
7 Maramures IV, 65 10Qr II 0.6 80 repeated defoliations
8 L29C 10 Qp 1 0.7 80 grouped dicbacks
Ulmeni
9 130D 8Qp2Ca I 0.6 40 isolated diebacks
10 L 40 A 5Qrs5Qp 111 0.8 60 abiotic factors
Bistrita

11 VII, 151B 10 Qp II 0.7 60 abiotic factors
12 Bistrita 1V, 140B 10 Qp 1I 0.8 80 pathogens
13 Beclean 1V, 141B 9Qp1Ca 11 0.8 60 abiotic factors
14 IV, 154 C 10 Qp I 0.7 40 abiortic factors
15 Cluj IL5A 7Qp3Ca I 0.8 50 abiotic factors
16 Cluyj Gherl 1II, 64A 7Qp3Ca 11 0.7 95 pathogens
17 e 1IL, 65C 10 Qp 11 0.8 55 pathogens
18 1,63B 10 Qp II 0.8 80 isolated diebacks
19 L65C 9Qp1Ca 11 0.8 60 isolated dicbacks
20 INCDS Lechinga 1I,21B 10 Qp 111 0.8 75 Abiotic factors, defoliations
21 1v,29D 7Qp3Ca I 0.7 50 xylophagous insects, defoliations
22 V,28D 7Qp3Ca 11 0.8 75 xylophagous insects, defoliations

Or- Ouercus robur. Qo — Ouercus petraea. Ca- Carbinus betulus. Fr- Fraxinus excelsior

Table 2. Grading scale of the analyzed parameters

Syn = (0.03 x ZDef + SWit)/ (2 x N)

Parameter analyzed Value Significance where: Def - defoliation/dieback, Wit - vitality class, N -
05 very asymmetric number of analyzed trees.
Crown shape asymmetric This index can take values between 0 and 3. An increase
2 symmetric in value shows a decrease of vitality and a degradation of the
05 very natrow health and vegetation state.
| natrow The annual mortality rate for trees belonging to I-III
A , Kraft classes was determined using the formula of Stringer et
Crown size 2 medium ‘
5 s al. (1989), Sheil and May (1996):
. . Rm=1- (Na/No)l/t
35 very wide L
: where Na - current number of trees, No - initial number
0 healthy, active . .
X Fened. modderacely ace of trees, t - time (in years).
Vegetation state/ vitality Wersenes moderate yAamVC The values obtained were compared with theoretical
2 s iy values provided by production tables (Giurgiu and
3 devitalized, ongoing dieback, dead Dréghiciu’ 2004)
0 does not have The Mann- Whitney test was used to determine the
Epicormic branches 1 with dormant buds significance of the difference between values given by each
2 frequent epicormic branches predictor in the two years of observations, and the obtained

Protection, annex IV Ela). The degree of devitalization is a
proper assessment parameter, calculated as a weighted
average between the previous two. The ratio Gv/10 was
adopted for value uniformization. Another proposed
indicator of the decline is the synthetic index damage — Sy»
(Dmyterko and Bruchwald, 2000; Kuzminski and Wtyklo,
2014) which involves placing each tree in a devitalization
class according to the general aspect of the crown, especially
third order branches from the upper part of the crown (Fig.
1) and the calculation of a synthetic damage index for the
whole stand, using the formula:

values were compared with table values of z, p, U. The
correlation was determined using the Spearman test (rank
correlation), calculated using the formula:

63 D2
pP=1—1m &

where D - difference between the rank of the two variables,
N - number of pairs in ascending order.

The differences obtained in the two observations years
were expressed in a percentage form, and the correlation
intensity was verified using the t test (Student).

In order to determine the significance, the obtained
values were compared to theoretical values for the

significance degree of 95%.
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Summer

degree 0 — healthy, active tree, all the
upper part of the crown is made of a thick
network of first order branches, space is
filled by crown ramification, no gaps

degree 1 - weakened tree, missing
structures occur in the upper part of the
crown, several gaps inside the crown
(because of dieback of some slender
branches)

degree 2 — deteriorated tree, flattened
structures at crown’s limit, big gaps, the
upper part is flattened, dormant buds
occur

(Dbb — common oak, Dbs — sessile oak)

degree 3 — severely devitalized tree (in
decline) with dead thick branches, crown
decomposed in isolated parts, viable
slender branches in isolated groups

Fig. 1. Assessment key of tree vitality for the determination of synthetic index damage (by Roloff, quoted by Dmyterko and

Bruchwald, 2000)

Results and Discussion

According to the chosen research method, in each
experimental stand the degree of decline was determined
through observations of tree crowns. A series of synthetic
indexes was obtained, which show both at a general and at a
particular level some aspects regarding the vegetation, health
and decline states (Dubravac and Dekanic, 2009).

Condition of stands

The crown is the most accurate and most easily to assess
predictor of tree decline. A tree is considered healthy if it
belongs to the upper level (I-III Kraft) and has a well-
developed, wide and relatively symmetric crown. By crown
size, according to the assessment scale, the analyzed stands
showed a normal situation, having values that place them in
the interval 1.8- 2.8 (medium to wide crown). It can be
observed (Table 3) that the lowest value (1.685) was
registered in Somcuta Mare, I, 34, with the core species is
Quercus robur, while the highest value (2.853) was noted in
Bistrita, I, 40A, where the core species is Quercus petraea.

The crown shape in 9 of the analyzed stands was closer
to asymmetric (the lowest value —1.214, Satu Mare, I, 56A),
while the rest of the stands had normal values. It was to be
noted that the lowest values were registered in stands that
were harmed by the attacks of degliating insects. Even
more, 5 stands, all belonging to oak subarea, registered
below the average values for both crown size and shape.

The presence of epicormic branches at medium ages, a
sign of structural degradations in the stand, related mainly
to density, was detected in 2 of the analyzed stands (Satu
Mare, I, 34C and Somcuta Mare, IV 34).

The investigation of the dead thick branches (> 10 cm)
in the upper third of the crown had significant differences
over the study interval; the obtained values were 0.85 + 0.51
in 2013 and became 1.3 + 0.51 in 2015. Significant changes
were recorded for 4 of the analyzed stands (Satu Mare, I,
S6A; Bistrita, VII, 151B; Beclean, IV 154C; Lechinta, I,

63B).

Never the less, the dead slender branches remained
constant (11.54 + 3.79 in 2013 and 12.53 + 4.82 in 2015)
for the analyzed time interval. The largest increase was
recorded in Livada, I, 34A, from 13.8% to 18.2%, while in
10 of the analyzed situations a slight improvement (3-4%)
was recorded.

Stands that presented percentages of up to 20% in 2013
had lower values in 2015, thus increases of this indicator
were recorded only in isolated situations.

Regarding the recorded defoliations, phenomenon
translated into the loss of leaves due to biotic or abiotic
factors, thus into the increase of crown’s transparence
degree. This is the most frequent and most easily to quantify
symptom at tree and stand level. The average value for the
analyzed stands was 14.4 £ 7.5 in 2013 and 17.9 + 8.4 in
2015. This phenomenon, due to which trees slow their
growth and suffer disturbances of the nutritional regime,
manifested with the same intensity in the two years of
observations except for the following stands: Somcuta Mare,
IV, 34; Beclean, IV, 140B; Lechinta, IV, 29D and V, 28D.
These stands changed from a low intensity to medium
intensity. The observed defoliation was due to several
attacks of Euproctis chrysorrhoea in Somcuta Mare,
Melolontha melolontha and Agrilus sp. in Lechinta and
mildew symptoms in Beclean.

Determination of the vulnerability degree

The dynamics of the health and vegetation state of
stands, expressed through synthetic indicators that use a
layering of individual values obtained in classes of damage,
shows the following: if all trees that are above a critical
degree of 10% damage/defoliations are taken into
consideration, in 2013 there were 3 highly damaged stands
(Ulmeni, I, 29C; Gherla, I1, SA; Lechinta, V, 28D), 10 were
medium damaged and 9 had a low damage. It is to be noted
that 2 stands (Lechinta, V, 29 and II, 21B) were at the limit
between healthy and weakly affected (Fig. 2).
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Table 3. Crown parameters analyzed as predictors of tree decline in the studied stands
) ~ Number of dead ¢
Manage ment Epicor mic thick branches Average percentage o Defoliation (%)
Unit/com-  Crown size Crown bran dead slender branches
No Forest District (>10 cm)
partment shape ches
2013 2015 2013 2015 2013 2015
1 1,S6A 222 1214 0.56 0.75 2.04 12.34 14.63 28.7 263
Satu Mare
2 I, 34C 1.98 1.44 134 1.29 0.72 13.56 13.36 213 28.7
3 Livad 1, 34A 221 1.65 1.12 1.22 0.96 13.82 18.23 12.2 155
4 A 169 1.896 123 0.99 178 144 1755 2021 155 122
5 1V, 34 1.685 131 1.64 1.39 1.79 15.00 11.25 15.7 252
6 Somcuta Mare 1V, 55B 1.858 1.48 0.97 0.92 126 18.01 2235 226 19.4
7 1V, 65 2.08 158 0.13 1.02 1.01 10.46 14.11 15.5 15.4
8 L29C 1.85 1.40 0.60 1.69 232 15.57 17.25 252 225
Ulmeni
9 30D 2.35 158 0.38 0.36 0.34 5.58 4,25 5.7 15.7
10 Biseri 40 A 2.85 1.77 0.29 0.27 1.92 771 8.45 5.4 9.8
1 R VILISIB 226 156 033 044 186 1001 928 72 154
12 1V,140B 2.65 1.67 0.17 0.27 0.76 12.22 9.89 49 21.6
13 Beclean 1V,141D 1.98 1.59 0.45 0.35 0.64 9.84 9.11 52 11.5
14 1V,154 C 222 1.77 0.21 0.47 1.85 7.90 7.50 45 49
15 Cluj ILSA 2.67 1.78 0.17 1.41 1.79 8.55 7.65 9.0 5.1
16 et 1L, G4A 2.56 1.69 022 147 L14 1470 1411 234 171
17 o 111, 65C 218 1.81 03 059 125 775 985 157 91
18 I,63B 2.61 1.67 0.12 0.33 1.77 7.56 5.55 153 213
19 1,65C 1.99 1.34 0.87 0.69 0.86 11.32 1625 21.6 243
20 Lechinta 1,21 B 2.44 1.39 0.34 0.54 1.75 11.67 15.56 9.8 72
21 1V,29D 213 131 0.45 0.21 0.14 5.62 4.44 11.5 282
22 V,28D 2.46 1.76 0.07 1.25 1.07 17.21 14.13 215 372
An increase of damaged trees was recorded in 2015, as
follows: a 14% increase at Ulmeni I 29C and a 23% increase 160 - a
at Lechinta, V, 28D. In stand Gherla, III, 64A a strong 140 - |
decrease occurred, from 72 to 25% average (.1am.agc 10 - 1 2015 m2013 |
percentage, that can be explained through the redistribution & | | 1
of cumulated frequencies on intensity categories, 80% of the g 2 YTT ¢ . b
trees falling in a lower damage class, and relatively reduced & ] 1
number of investigated trees (N = 98). g 87 4 1 : ]
The assessment given by the degree of dieback, indicator 40 1 5 E 3
. e . . 248 2
that takes into consideration only the highly damaged trees 20 1
and half of medium damaged trees, shows that in 2013, 2 0

stands were medium damaged (Satu Mare, I, 34C; Ulmeni, [,
29C), while the rest were weakly affected (Fig. 3). In 2015,
the stand Satu Mare, I, 34C felt into weakly affected category
and the stand Lechinta, V, 28D changed from weak to
moderate dieback, due to an attack of Agrilus sp. bark beetles.

The degree of devitalization, which performs a
diminution of importance of trees in weakly damaged
category when taking into consideration the decline, had a
similar distribution to the devitalization degree (32 = 26.38),
but significantly different in 2015 (52 = 42.46) (Fig 4).
Moreover, the differences recorded in the 2 years for both
predictors, expressed as a percentage, were not significant (y2
=26.72,%20.01=32.67, Df =21).

The value of the Synthetic Index Damage for the analyzed
trees (Fig. 5) showed that the stands Satu Mare, I, 34C;
Livada, I, 34A; Somcuta Mare, IV, 55B and Ulmeni, I, 29C
exceeded the incipient stage of decline and changed towards
the active dieback stage. The other stands under study,
despite negative phenomena highlighted by the previously

mentioned descriptors, were in the healthy-incipient interval.

12345678 910111213141516171819202122
Location

Fig. 2. Evolution of the analyzed stands by degree of tree
damage

70 m2013 m2015
60 16

Decline (%)

1 23 45 6 7 8 9 10111213 1415 16 17 18 19 20 21 22
Location

Fig. 3. Evolution of the analyzed stands by degree of dieback
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Fig. 4. Evolution of the analyzed stands by degree of

devitalization

In 2015, a worsening of the vegetation state of the
previously exposed stands was observed, except for Livada, I,
34A, where a slight improvement was noted. The slight
improvement of vegetation state could also be observed for
all stands in oak subarea, due to the more favorable climate
conditions during 2015. However, due to the attack of
Agrilus sp., in Lechinta in IV, 29D and V, 28D, a significant
worsening was observed. A significant change was also
found in Cluj, II, 5A, due to the occurrence of dieback
hornbeam and other mix species, phenomenon that was not
recorded at the beginning of the study.

Quantification of decline

In order to analyze the stands for the mentioned time
period, the recorded differences were analyzed; the
significance was determined using the U test and the link
between these differences and the annual mortality rate was
determined.

By analyzing the data given in Table 4, it is observed that
between the two vegetation seasons under study, within the
whole area taken into study, significant changes were
recorded for the thick branches indicator. The changes were
statistically ensured, and recorded values exceeded the 0.05
significance level in all analyzed situations.

Positive significant changes were recorded for degree of
dieback, decline and devitalization predictors only for

¥ =0.0361x +0.7099
L R = 0.0732

-1.0 -0.5 0.0 0.5 1.0 1.3 20
Degree of Damage

1.0

1.0

0.9

09 -

08 N 4

08 |

07 - . 4

074 + " ¢

06 |

06 -
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-0.800

¥ =0.026x*+ 0.7021

Annual Mortality Rates

-0.500 -0.200 0.100 0.400

Degree of Devitalisation

R*=0.1812 L 4

m2013

2015

Synthetic Index Damage

Fig. 5. Stand health state and their evolution according to the
Synthetic Index Damage

stands located in the vegetation level of sessile oak. For all
the other stands, positive significant changes were not
statistically ensured, and the positive change of some
parameters was mostly due to climate factors. These trends
were also noted by McManus and Cséka (2007).

Szewczyk et al. (2011) mentioned that the mean value of
defoliation showed 38.4%, while the majority of trees were
in the 2™ degree defoliation class. Also, it was noticed the
progressing stabilization of the disease-creating process and
an improvement of the tree stand condition, however the
health condition of the tree stands was not satisfactory.

The annual mortality rate took values between 0.632
and 0.754 (average 0.684 + 0.021). The theoretical value
was exceeded in 4 stands, with values between 8 and 12% in
Satu Mare and 29-34% in Lechinta (Table 5).

The annual mortality rate is most strongly correlated
with stand evolution expressed through the Synthetic
Damage Index (r = 0.479%, texp = 2.44) (Fig. 6). However,
correlative links were also ensured with the degree of
dieback (r = 0.430*) and devitalization (0.425).

It can be noted (Table 6) that there exists a positive
significant correlation between the evolution of the general
vegetation state and the percentage of dead slender branches
and a negative significant correlation between the
vegetation state and the degree of devitalization or between
thick branches and annual mortality rate.

0
Lo ¥=002x"+0.7013

09 - R:=0.1855 h 4 +

08:/‘;‘//
08 *

- +

07

: PO IR

220 -0 00 10 20 30 40 50 60 0 &
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Fig, 6. Relation between annual mortality rate and percentage difference of values for the used predictors (0,05 = 2.086, n = 22)
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Table 4. Analysis of the significance of difference berween values recorded in 2013 and 2015, using the U test (Mann-Withney)
Degree Synthetic Vegetatio
Degree Degree Slander Thick
Analyzed characteristic of Index n state/ Defoliation
of dieback of damage branches branches
devitalization Damage vitality
U 166.5 218 176.5 1925 231.5 134° 292 187
For all stands z -1.76 -0.55 -152 1.15 -0.237 -2.52° 0.90 -1.27
p 0.078 0.582 0.126 0.250 0.818 0.117 0.928 0.202
Altitudinal U 235 205 23 17 17 7x 21 15
plant
belt with z -0.06 -0.44 -0.13 0.89 -0.89 1,99* 0.38 1.44
common
oak! p 0.095 0.652 0.896 0.373 0.373 0.063 0.703 0.147
Altitudinal U 35 57 39.5 625 80 31 99 60
plant
bele with 2 -2510 2380 217 L11 0.205 2710 0,190 123
sessile p
2 0.012 0.167 0.296 0.271 0.933 0.065 0.841 0218
oal

Significance levels: U22 = 150, U13 = 45; U7 = 8; 20,05 = 1,96; z 0,01 = 2,58; 1 (Satu Mare F.D,, Livada F.D., Somcuta Mare F.D.); 2 (Lechinta F.D., Bistrita F.D.,
Beclean F.D., Cluj F.D., Gherla F.D.)

Table 5. Annual mortality rate

Theoretical annual

County Forest Forest Management Real annual mortality Difference
No. mortality rates
Administration district Unit/ compartment (Romt) rates (Rmr) (%) (Rmt)-(Romr)
2t
0 1 2 3 4 5 6
1 UPLuaS6A 0.754 0.819 8.6
Satu Mare
2 UP L ua 34C 0.675 0.757 12.1
Satu Mare

3 UP I 34A 0.688 0.673 22
Livada

4 UPL6&Y 0.688 0.699 1.6

5 UPIV. ua 34 0.696 0.692 -0.6

6 Somcuta Mare UP IV.ua 55B 0.68 0.721 6.0

7 Maramures UP V. ua 65 0.68 0.717 5.4

8 UPLua29C 0.673 0.723 74
Ulmeni

9 UPLua30D 0.681 0.649 -47

10 UP L ua 407 0.686 0.698 1.7
Bistrita

11 ’ UP VIL ua 151B 0.686 0.672 2.0

12 Bistrita UP IV. ua 140B 0.681 0.656 -3.7

13 Beclean UP IV. ua 141B 0.678 0.681 0.4

14 UP IV. ua 154C 0.677 0.669 -12

15 Clui Cluj Napoca UPIL wa. SA 0.623 0.644 34

uj

16 ) Gherla UPIV.ual31 0.699 0.719 29

17 UPIL ua63B 0.688 0.72 4.7

18 UPLua65C 0.684 0.697 1.9

19 X UPILua2l B 0.683 0.662 -3.1

INCDS Lechinta

20 UPIV.ua29D 0.683 0.737 7.9

21 UPV.ua28D 0.688 0.887 289

22 UP VI ua 25D 0.688 0.923 342

Table 6. Correlation determination between differences recorded in 2013 and 2015 for the analyzed predictors, using the Spearman test

o o Slander Thick Vegetation state/ Degree of Synthcrjc Damage
Analyzed characreristic Defoliation % o o
branches % branches vitality devitalization Index
Slander branches % -0.051
Thick branches -0.051 -0.123

Vegetation state/vitality -0.025 -0.591" -0.055

Degree of bevitalization 0.163 -0.388* 0.165 -0.515*
Synthetic Damage Index 0.158 0.372* -0.082 -0.238 0.404*

Annual mortality rates 0.067 0.176 -0.486* 0238 -0.089 0.257

10,05 =0.361
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The results obtained are in accordance with data of
Kuzminski and Wtyklo (2014), determining that the
deteriorating health conditions of oak stands were caused by
greater defoliation; it was found that the deterioration
increased in the second year of the study interval, due to the
conditions of trees that slightly changed.

Conclusions

Stand decline can be assigned to structural or functional
disorders, in which several categories of disturbing or
harming factors concur and interact in different ways and
directions, whose result is the weakening of tree vigor and
culminating with their death. In a general meaning, the
stand decline phenomenon can be defined as the totality of
effects that harm a normal tree and stand vegetation state.
The most important short and medium term decline
predictors are those that render crown changes, regarding its
shape, size or transparency. Even though all stands chosen
for the study were affected by different disturbing factors,
decline was not the case in all the situations. Only in 7 out
of 22 stands the overcoming of the incipient stage and
beginning of active dieback stage was observed. Positive
significant changes were recorded for the degree of dieback,
decline and devitalization predictors for the stands located
in the vegetation level of sessile oak. For all the other stands,
positive significant changes were not statistically ensured,
and the positive change of some parameters was mostly due
to climate factors. In the case of stands IV 29D and V 28D
Lechinta, the significant worsening was due to pest attacks
(Agrillus sp. bark beetle), while in Cluj, II SA it was due to
the extension of mixed species. A positive significant
correlation exists between the evolution of the general
vegetation state and the percentage of dead slender
branches, while a negative significant correlation exists
between the vegetation state and the degree of devitalization
or between thick branches and annual mortality rate. The
evolution in time and the prognosis of tree mortality when
negative phenomena occur can be expressed with the
highest accuracy using the Synthetic Index Damage. It
proved to be an adequate and reliable predictor for
monitoring the health and vegetation state of stands.
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