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THE DIFFERENCES OF NEEDLE LENGTH OF DOUGLAS-FIR
PROVENANCES AT TWO SITES IN TEST PLANTATIONS

Vera LAVADINOVIC!, Nenad MARKOVIC?

Abstract: Douglas-fir (Pseudotsuga menziesii/Mirb.Franco) is the most
successful introduced and ecologically adapted species in Europe since 1827. Its natural
range extends from British Columbia in the north, as far as New Mexico in the south.
Douglas-fir has the most extensive latitudinal range of any North American commercial
conifer, from 19°to 55° North latitude (New Mexico — British Columbia). Genetic and
ecological diversity of Douglas-fir results from its wide natural range of species
distribution. Such a wide distribution of a species requires the testing of its characteristics.

One of the models for testing the genetic diversity, variability and adaptability of
introduced species is the provenance test.

This study was conducted to evaluate the effects of site environmental factors upon
morphological characteristics of Douglas-fir needles.

Key words: Douglas-fir, provenances, needle length, sites, Serbia

RAZLICITOST DUZINE CETINA PROVENIJECIJA DUGLAZIJE
NA DVA STANISTA U OGLEDIMA

Izvod: Duglazija (Pinus menziesii / Mirb.Franco) je najuspesnija introdukovana
vsrta i ekoloski prilagodena vrsta Cetinara u Evropi od 1827. Prirodni areal proteze se od
Britanske Kolumbije na severu, pa do Novog Meksika na jugu. Daglazija ima najsiri
raspon geografske Sirine od bilo kog severnoamerickog komercijalnog cetinara, od 19 °do
55 °severne geografske sirine (Novi Meksiko — Britanska Kolumbija). Geneticka i ekoloska
raznovrsnost Duglazije je rezultat njenog Sirokog spektra distribucije vrsta. Takva Siroka
distribucija vrsta zahteva testiranje karakteristika. Jedan od modela za ispitivanje genetske

' Dr Vera Lavadinovié, Institute of Forestry Belgrade, Serbia. Email: veralava@eunet.rs
% Nenad Markovic,BSc, State Enterprise “Srbijasume”, Serbia



razlicitosti, varijabilnost i prilagodljivost introdukovanih vrsta je provenijenicni test. Ova
istrazivanja su sprovedena da se procene efekti stanista ekoloskih faktora na morfoloske
karakteristike Cetina duglazije u test kulturama na dva lokaliteta u Srbiji.

Kljuéne redi: Duglazija, provenijencija, duZina Cetina, stanister, Srbija

1. INTRODUCTION

Climate conditions and environment may have an impact on the
productivity of conifer trees by influencing the morphology (size and surface
characteristics) and function (capacity for gas exchange) of conifer needles. Needle
characteristics, including length, width, stomatal density, needle function are
important for water vapour and transpiration. Needle length increases significantly
with increased temperature (Martha E. Apple et al., 2000).

More specifically, the objective was to determine whether site environment
conditions affect the morphology and function of Douglas-fir needles of different
provenances at two sites in Serbia.

In order to be able to forecast and estimate the state and dynamics of forest
ecosystems, it is necessary to understand the mechanisms and character of response
reactions of trees to the different complexes of environmental factors. Balanced
metabolism, in which an optimum supply of nutrients is of prime importance, is
indispensable to preserve functional and structural integrity of a tree (Malle
Mandre and Aljona Lukjanova, 2011).

Institute of Forestry Belgrade established two experimental plots, in
Central (Juhor) and east Serbia (Tanda) of Douglas-fir provenances, with original
seeds from North America.

Douglas- fir, as exotic species need to be provenance tested before
introduction.

Genetics and ecological adaptability can be confirmed, by morphological
and anatomical variable characteristics which is the aim of this research. For that
reason, two experimental plots with twenty Douglas fir provenances were
established in Serbia .

A considerable number of quantitative and qualitative properties were
analyzed in Douglas-fir test plantations in Serbia (Lavadinovi¢. V., Isajev,V.,
Koprivica, M. 1998, Lavadinovié, V., Isajev,V., Koprivica, M.2001, Lavadinovi¢,
V., Isajev,V., (2003)., Lavadinovi¢, V. (2008)

2. MATERIAL AND METHOD

Two experimental fields of Douglas fir provenances in Serbia were the
basis for the sampling and analysis.

The samples were taken from the selected provenances for the analysis of
the existence and effects of the impact of site conditions on the variability of
morphometric characters of Douglas-fir needles at both locations. The selection
criteria in choosing the provenances for sampling in this study were the results of
the studies of variability of inventory variables. Two provenances with the



smallest, two with the average and two with the largest mean values of inventory
variables were taken for this study.

Fresh needles were fixed in 50% ethyl alcohol and transported to the
laboratory, where they made a permanent anatomical sections with 30 needles,
randomly chosen. Permanent anatomic preparations thickness 17 pum were made in
the middle of the needle microtome, stained with safranin red and toluidine blue
and rinsed with water, followed by dehydration was carried out by increasing the
ethyl alcohol concentration of alcohol of 50% to 96%. Fully fixing section was
performed in xylene for several hours, after which the needles were glued on glass
slides Canada balm, covered with the covering glass and dried in an oven at 60 ° C.
After three weeks, the morph metric traits were measured: width, length, thickness
of the needle.

Geographical characteristics of the original seeds of Douglas-fir, which
were collected from a part of the natural range of species is shown in Table 1.

Table 1. Geographical co-ordinates of the tested Douglas-fir provenances

Provenance Number Our | Latitude | Longitude | Altitude
[~ " |markk| CN) | CE) | (m) |
- _________]
| Oregon 205-15 1 43,7 1230 750 |

I‘ Oregon 205-14 2 43,8 122,5 | 1200 ‘I

Oregon 202-27 3 45,0 1224 450

I‘ Oregon 205-38 4 45,0 121,0 | 600 ‘I
Washington 20407 9 49,0 119,0 | 1200

{[ Oregon 205-13 10 43,8 122,5 ] 1050 |{

I‘ Oregon 205-18 11 442 1222 [ 600 ‘I
Oregon 202-22 12 425 122,5 | 1200

I‘ Washington 202—17 15 47,6 121,7] 600 ‘I

Oregon 201-10 16 445 119,0 | 1350

Washington 201-06 17 49,0 1200 | 750

Oregon 202-19 18 453 1238 | 300
| Washington 204—09 19 49,0 1193 ] 900 |

I‘ Oregon 205-11 20 45,0 1230 | 150 ‘I

New Mexico 202-04 22 32,9 105,7 | 2682

I‘ New Mexico 202-10 23 36,0 106,0 | 2667 ‘I
Oregon 202-31 24 44,3 118,8 | 1500

{l[ Oregon 20529 26 42,6 1228 900 |f
Oregon 20404 30 45,0 1215 [ 900
Washington 205-17 31 477 1230 300

3. RESULTS

According to Table 2, it can be concluded that:

a) There are statistically significant differences between the mean values of
needle length at the localities Juhor and Tanda;

b) There are statistically significant differences between the mean values of
needle length of individual provenances;

¢) There is an interaction between the factors “locality” and “provenance”. Mean
value of needle length in individual provenances is affected by the changes in
locality, and the opposite.



Table 2. A two-way analysis of variance (locality x provenances) for needle length

Source of variation | Sum of squares | Degree of freedom | Variance

A: Locality 306.178 306.178
B: Provenance 6221.76 1244.35
Interaction AB 538.989 107.798
Error 1211.73 348 3.48199

I Total 8278.66 359 I

Difference of needle lengths on sites

The least significant difference (LSD) test examined the difference in mean
values of needle lengths for two factors (Locality and Provenance)

Table 3. LSD test for localities

Locality Sample size Mean value Difference Hosf;::ous
e =
Juhor 180 31.7389 0.139084 X
Tanda 180 33.5833 0.139084 X
Difference +/— Limits

Juhor-Tanda *—1.84444 0.386861

o indicates a statistically significant difference
L]

Table 3 shows that there is a statistically significant difference in the
lengths of Douglas fir needles for the sites Juhor and Tanda. The average value of
needle length at Tanda (33.58 mm) was significantly higher than at Juhor (31.74
mm), and the test shows that there is an influence of environmental factors on these
two sites on needle lengths (Figures 1 and 2).

Difference of needle lengths in provenances

LSD test checked the difference in needle lengths mean values in different
provenances (geographical origin)

10



Table 4. LSD test for provenances

Provenance Sample size Mean value Difference Hom:fsn:ous
1
31 60 27.9333 0.240901 X ]
| 18 60 28.3667 0.240901 X |
I‘ 9 60 29.85 0.240901 X ‘I
24 60 34.25 0.240901 X
16 60 37.7667 0.240901 X
17 60 37.8 0.240901 X
Comparison Difference +/—Limit
9-16 *-7.91667 0.670062
9-17 *-7.95 0.670062
9-18 *1.48333 0.670062
9-24 *4.4 0.670062
9-31 *1.91667 0.670062
16-17 —0.0333333 0.670062
16-18 *94 0.670062
16-24 *3.51667 0.670062
16-31 *9.83333 0.670062
17-18 *9.43333 0.670062
17-24 *3.55 0.670062
17-31 *9.86667 0.670062
18-24 *-5.88333 0.670062
18-31 0.433333 0.670062
24-31 *6.31667 0.670062

* indicates the statistically significant difference

According to the results of analysis of variance (Table 4), it can be
concluded that there are statistically significant differences between the mean
values of needle length in some provenances. LSD test demonstrates that
provenances 31 and 18 make one homogenous group, and provenances 16 and 17
the other. Smaller range of variation of needle length of these provenances in
relation to the other can be tentatively considered as a consequence of their genetic
closeness which caused similar phenotypic expression of the properties of the
interaction with the external factors of the location where the tests were

established.

The differences are shown on Diagram 1 for locality Juhor, and on
Diagram 2 for locality Tanda.

Zina ¢etina

Du

Provenijencija

30 +
25
20
15 4
10 4
5
04
16 17 24 9 31 18

Graph 1. Variability in needle length among the provenances

on the locality of Juhor



50 -
40 4

30 4

20 -

10

04
17 16 24 18 9 31

Provenijencija

Duzina ¢etina (mm)

Graph 2. Variability in needle length among the provenances
on the locality of Tanda

4. CONCLUSION

The investigation of the influence of two factors (site and provenance), the
two-way ANOVA was carried out on the Douglas-fir provenance trail at two sites
in Serbia.

The major conclusion is that care must be exercised in describing the trait
variability, so the particular environmental gradient must be specified.

The LSD test shows that the provenances 31 (Washington 205-17) and 18
(Oregon 202-19) make one homogenous group, and provenances 16 (Oregon 201—
10) and 17 (Washington 201-06) the other, so the differences in their mean values
are not statistically significant. The lower range of character variation in these
provenances, compared to others, can be conditionally considered as a consequence
of their genetic similarity which conditioned the similar phenotype expressions in
the interaction with the external factors of the sites where the tests were
established.
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Original scientific paper

VARIABILITY IN CONE MORPHOMETRIC CHARACTERS AMONG
TEST TREES OF BALD CYPRESS (Taxodium distichum L. Rich.)
IN SEED STAND NEAR BACKA PALANKA

Vladan POPOVIC', Mirjana SIJACIC-NIKOLIC?,
Ljubinko RAKONJAC', Dusan JOKANOVIC?

Abstract: Bald cypress is monoecious, long-lived, deciduous conifer. It belongs to
the family Taxodiaceae and genus Taxodium. In Serbia, there is only Taxodium distichum
(L.) Rich. that mostly can be found in the green areas of major cities. The possibility of
wider application of Bald cypress as a forest species should be based on an assessment of
its genetic and adaptive potential, quantity and quality of yield, primarily at the level of the
existing Bald cypress seed stand. In this paper are presented research results of the
variability in cone morphometric characters among 20 test trees. The determined values of
cone dimensions indicate good genetic and adaptive potential of this species that can be
considered as starting point for the mass production of quality seed and planting material
in Serbia.

Key words: Bald cypress, cone, seed, variability.

VARIJABILNOST MORFOMETRIJSKIH SVOJSTAVA SISARICA TEST
STABALA TAKSODIJUMA (Taxodium distichum L. Rich.) U SEMENSKOJ
SASTOJINI KOD BACKE PALANKE

Izvod: Taksodijum je jednodomi, dugovecni listopadni Cetinar. Pripada familiji
Taxodiaceae i rodu Taxodium. U Srbiji je zabelezen samo Taxodium distichum (L.) Rich.
koji se uglavnom javlja pojedinacno na zelenim povrsina vec¢ih gradova. Mogucnost Sire
primene taksodijuma kao Sumske vrste treba bazirati na proceni njegovog genetskog i

! Institut of Forestry, Belgrade, Serbia.
E-mail: viadan.popovic@forest.org.rs
2 Faculty of Forestry, Belgrade, Serbia.



adaptivnog potencijala kao i kvantiteta i kvaliteta uroda, pre svega, na nivou postojece
semenske sastojine taksodijuma. U radu su prikazani rezultati ispitivanja varijabilnosti
morfometrijskih svojstava Sisarica na nivou 20 test stabala. Utvrdene vrednosti dimenzija
Sisarica ukazuju na dobar genetski i adaptivni potencijal ove vrste, Sto se moze smatrati
polaznom osnovom za masovnu proizvodnju kvalitetnog semenskog i sadnog materijala u
Srbiji.

Kljuéne reci: taksodijum, Sisarice, seme, varijabilnost.
1. INTRODUCTION

Bald cypress is monoecious, long-lived, deciduous conifer. It belongs to
the family Taxodiaceae and genus Taxodium that includes three species
(Vukicevié, 1987). In Serbia, there is only Taxodium distichum (L.) Rich. Bald
cypress capability for establishment of forest cultures on lowland and floodplains
of our country was recorded in the 1950s (Petrovic¢, 1951; Spiranec, 1959,
1966). At the beginning of the 1980s, Stilinovi¢ and Tucovié¢ (1970)
concluded that in our environmental conditions Bald cypress can be considered as a
species of rapid growth, one of the few conifer species that may be suitable for
introduction of conifers on lowland and floodplain sites where it can achieve high
productivity.

Nevertheless, on the territory of the Republic of Serbia this species has
practically never got out from the range of horticultural activities. Researches on
the variability and adaptive potential of Bald cypress in our conditions which have
been published until now refer to trees that grow individually and in smaller or
larger groups mainly in the city green areas (Drazi¢, Batos, 2002; Nini¢-
Todorovié¢, Ocokolji¢, 2001, 2002; Tucovi¢, Ocokolji¢, 2005).
The possibility of wider application of Bald cypress as a forest species should be
based on an assessment of its genetic and adaptive potential as well as quantity and
quality of yield, primarily at the level of the existing Bald cypress seed stand.

2. MATERIAL AND METHOD

Researches were conducted in Bald cypress seed stand in Backa Palanka,
registration number S 01.10.01.01, which is managed by FE Novi Sad, FA Backa
Palanka. Seed stand is within MU “Palanacke Ade- Cipski poloj”, Department 11,
Section a, with area of 0.22 ha and with 111 trees. Its origin is artificial, aged about
70 years, with the measured taxation values of mean diameter ds = 51.7 cm and
mean height, hs = 26.5 m. It is located on flat ground with an average altitude of 80
m, with a uniform slope and without clear exposure. Flooding is not present, but it
is heavily influenced by underground wetting. The site on which the seed stand is
located belongs to coeno-ecological group of White willow and Populus (Salicion
albae) forests on undeveloped semi-gley soils.

On the basis of phenotypic characteristics and abundance of yield in 2010,
20 test trees were selected and per 200 cones were collected from each of them.
Cones were put into separate bags. Then by random sampling method 50 cones per
tree were taken for processing at the laboratory of Institute of Forestry. Cone



opening was done in the dryer at the temperature of 40 °C, and seed cleaning was
done manually. The basic morphometric parameters of each cone (length and
width) were measured by caliper with an accuracy of 1 mm. Also, after cone
opening the number of grains was determined for each cone. The obtained data
were processed in a computer program Statgraph 5.0.

3. RESULTS AND DISCUSSION

Variability in cone morphometric characters of 20 test trees of Bald
cypress is presented in Table 1.

Table 1. Variability in cone morphometric characters of 20 test trees

of Bald cypress
Trees Parameter Average Min Max Standard Cocfficient of
(mm) deviation variation
Cone length (mm) 31.56 22.5 38.7 4.25 18.08
1 Cone width (mm) 28.67 20.9 36.5 4.14 17.14
Number of seeds 28,50 22,0 32,0 2,30 5,28
(pes.)
Cone length (mm) 30.70 22.6 37.2 4.07 16.56
2 Cone width (mm) 28.44 22.1 36.0 3.98 15.85
Number of seeds 27,22 20,0 33,0 3,38 11,40
(pes.)
Cone length (mm) 29.67 224 38.4 4.21 17.76
3 Cone width (mm) 27.77 21.3 34.5 3.40 15.97
Number of seeds 27,50 21,0 34,0 3,01 9,03
(pes.)
Cone length (mm) 30.55 22.3 38.4 3.58 12.78
4 Cone width (mm) 27.97 21.0 36.2 347 12.06
Number of seeds 27,84 21,0 32,0 2,72 7,40
(pes.)
Cone length (mm) 30.67 22.6 37.6 4.01 16.07
5 Cone width (mm) 27.96 19.1 34.6 3.89 15.10
Number of seeds 27,06 20,0 33,0 3,35 11,24
(pes.)
Cone length (mm) 29.54 214 38.4 4.31 18.56
6 Cone width (mm) 26.48 19.4 35.6 4.05 16.39
Number of seeds 26,08 20,0 32,0 3,30 10,89
(pes.)
Cone length (mm) 30.25 21.5 38.4 4.47 20.00
7 Cone width (mm) 26.97 18.6 35.1 4.26 18.15
Number of seeds 26,66 20,0 33,0 3,59 12,88
(pes.)
Cone length (mm) 29.05 21.3 37.5 4.47 19.95
3 Cone width (mm) 25.85 19.4 34.6 4.30 18.45
Number of seeds 25,40 20,0 33,0 3,58 14,82
(pes.)
Cone length (mm) 29.84 20.6 37.1 4.15 17.20
9 Cone width (mm) 26.01 8.0 33.8 4.89 23.95
Number of seeds 25,90 21,0 32,0 3,60 12,95
(pes.)
Cone length (mm) 29.08 21.3 38.4 4.26 18.11
10 Cone width (mm) 25.73 19.5 34.1 4.23 17.93
Number of seeds 25,44 20,0 32,0 3,60 12,99
(pcs.)
Cone length (mm) 28.41 223 36.5 3.37 11.35
11 Cone width (mm) 25.27 20.1 33.2 3.38 11.45
Number of seeds 25,76 20,0 33,0 3,28 10,76




Trees Parameter Average Min Max Standard Coefficient of
(mm) deviation variation
(pes.)
Cone length (mm) 28.84 22.3 36.5 3.29 10.84
12 Cone width (mm) 25.96 19.9 33.6 3.40 11.59
Number of seeds 26,30 21,0 33,0 2,99 8,95
(pes.)
Cone length (mm) 28.73 21.8 343 3,00 9,00
13 Cone width (mm) 25.82 19.9 31.8 2.98 8.89
Number of seeds 26,08 20,0 33,0 3,15 9,95
(pes.)
Cone length (mm) 28.99 21.3 36.1 3.44 11.81
14 Cone width (mm) 25.96 19.9 332 3.26 10.65
Number of seeds 25,86 20,0 33,0 3,34 11,14
(pes.)
Cone length (mm) 28.64 23.6 35.2 3.27 10.71
15 Cone width (mm) 25.58 20.9 31.5 3.19 10.20
Number of seeds 25,20 20,0 33,0 3,73 13,88
(pes.)
Cone length (mm) 28.90 23.6 34.5 2.79 7.76
16 Cone width (mm) 25.53 19.6 30.8 2.96 8.75
Number of seeds 25,56 20,0 31,0 3,03 9,19
(pes.)
Cone length (mm) 28.99 22.8 36.2 3.49 12.17
17 Cone width (mm) 25.78 19.5 31.2 2.98 8.86
Number of seeds 26,46 21,0 32,0 2,68 7,19
(pes.)
Cone length (mm) 29.13 23.6 35.2 2.96 8.74
13 Cone width (mm) 26.35 21.2 32.3 2.81 7.90
Number of seeds 26,74 22,0 32,0 2,48 6,16
(pes.)
Cone length (mm) 29.34 24.3 35.6 2.92 8.51
19 Cone width (mm) 26.59 21.3 32.6 3.06 9.34
Number of seeds 27,08 21,0 33,0 3,04 9,22
(pes.)
Cone length (mm) 29.07 23.0 35.9 2.80 7.85
20 Cone width (mm) 26.05 21.0 32.1 2.50 6.25
Number of seeds 26,40 21,0 32,0 2,47 6,12
(pes.)

Based on the statistical indicators, it can be concluded that the highest
mean value of cone length shows a test tree marked with number 1 (31.56 mm),
while the smallest mean value of cone length has the test tree marked with number
11 (28.41 mm). The highest mean value of cone width has the test tree marked with
number 1 (28.67 mm) and the smallest mean value of cone width has the test tree
marked with number 11 (25.27 mm). The highest mean value of number of grains
has the test tree marked with number 1 (28.5 pieces), and the smallest mean value
of number of grains has the test tree marked with number 15 (25.2 pieces.). Test
tree marked with number 1 stands out like the best for all three characters, while
the test tree number 11 has the smallest mean value of cone length and width, but
not the number of grains. The values of the analyzed characters coincide with the
values that in their researches obtained other authors. In Motovun forest, Croatia,
Bald cypress cone diameter ranges from 20 to 25 mm and one cone contains from
18 to 30 grains (Spiranec, M. 1959.). Under Belgrade's environmental
conditions cone diameter ranges from 20 to 30 mm (Drazi¢, D., Batos, B.
2002.). Under the environmental conditions of Bulgaria cone diameter ranges up




to 30 mm, cone length from 20 to 40 mm, and cones contain approximately 20 to
25 grains (Milev, M., etal. 1999.). In Bald cypress population at Veliko Ratno
ostrvo, cone diameter ranges from 22 to 39 mm, and cones contain from 10 to 32
grains, on average about 20 grains (Sija¢i¢-Nikolié¢, M., etal. 2011.).

The coefficient of variation can be used as an indicator of statistical set
homogeneity. By analyzing the values of this coefficient, we can conclude that for
the cone length character the most homogeneous is the test tree marked with
number 16 (7.76), and the most heterogeneous is the test tree marked with number
7 (20). For the cone width character, the most homogeneous is the test tree marked
with number 20 (6.25), and the most heterogeneous is the tree test marked with
number 9 (23.95). For the character number of grains, the most homogeneous is the
test tree marked with number 1 (5.28), and the most heterogeneous is the test tree
marked with number 8 (14.82).

ANALYSIS OF VARIANCE

1. Cone width

Table 2. Analysis of variance for cone width

Sum of Squares Df Mean Square F- Ratio P- Value
Between groups 1045.11 19 55.0058 4.15 0.0000
Within groups 12977.8 980 13.2427
Total 14022.9 999

Results of analysis of variance (Table 2) show statistically significant
differences at level p <0.05 between cone width of 20 Bald cypress test trees.

Table 3. LSD test
Trees Mean Homogeneous groups
11 25.2700 X
16 25.5300 X
15 25.5806 XX
10 25.7298 XX
17 25.7780 XX
13 25.8180 XX
8 25.8500 XX
12 25.9580 XX
14 25.9620 XX
9 26.0112 XX
20 26.0460 XX
18 26.3500 XXX
6 26.4800 XXX
19 26.5880 XXXX
7 26.9740 XXX
3 27.7660 XXX
5 27.9600 XX
4 27.9680 XX
2 28.4380 X
1 28.6676 X

Analysis of variance shows that the differences between the mean values
of cone width of 20 Bald cypress test trees are statistically significant at the



confidence level p <0.05. Test trees are grouped into 5 homogenous groups and
with that is confirmed variability of cone width of 20 Bald cypress test trees. In the
homogeneous group with the greatest cone width are test trees 1, 2, 4, 5 and 3, and
in the group with the smallest cone width are test trees 11, 16, 15 and 10 (Table 3).

2. Cone length

Table 4. Analysis of variance for cone length

Sum of Squares Df Mean Square F- Ratio P- Value
Between groups 671.144 19 35.3233 2.58 0.0002
Within groups 13416.2 980 13.69
Total 14087.4 999

Results of analysis of variance (Table 4) show statistically significant
differences at level p <0.05 between cone length of 20 Bald cypress test trees.

Table 5. LSD test

Trees Mean Homogeneous groups

11 28.410 X

15 28.636 X

13 28.730 X

12 28.836 XX

16 28.898 XX

17 28.988 XX

14 28.994 XX

8 29.054 XX

20 29.074 XX

10 29.080 XX

18 29.130 XXX

19 29.340 XXXX

6 29.544 XXXX

3 29.666 XXXX

9 29.844 XXXX

7 30.246 XXXX

4 30.554 XXX

5 30.670 XX

2 30.698 XX

1 31.558 X

Analysis of variance shows that the differences between the mean values
of cone length of 20 Bald cypress test trees are statistically significant at the
confidence level p <0.05. Test trees are grouped into 5 homogenous groups and
with that is confirmed variability of cone length of 20 Bald cypress test trees. In the
homogeneous group with the greatest cone length are test trees 1, 2, 5, 4 and 7, and
in the group with the smallest cone length are test trees 11, 15 and 13 (Table 5).

3. Number of grains

Table 6. Analysis of variance for number of grains

Sum of Squares Df Mean Square F- Ratio P- Value
Between groups 731,496 19 38,4998 3.82 0.0000
Within groups 9870,2 980 10,0716
Total 10601,7 999
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Results of analysis of variance (Table 6) show statistically significant
differences at level p <0.05 between number of grains of 20 Bald cypress test trees.

Table 7. LSD test
Trees Mean Homogeneous groups

15 25,2 X
8 25,4 XX
10 25,44 XXX
16 25,56 XXXX
11 25,76 XXXX
14 25,86 XXXXX
9 25,9 XXXXX
6 26,08 XXXXXX
13 26,08 XXXXXX
12 26,3 XXXXXXX
20 26,4 XXXXXXX
17 26,46 XXXXXX
7 26,66 XXXXXX
18 26,74 XXXXX
5 27,06 XXXX
19 27,08 XXXX
2 27,22 XXX
3 27,5 XXX
4 27,84 XX
1 28,5 X

Analysis of variance shows that the differences between the mean values
of number of grains of 20 Bald cypress test trees are statistically significant at the
confidence level p <0.05. Test trees are grouped into 9 homogenous groups and
with that is confirmed variability of number of grains of 20 Bald cypress test trees.
In the homogeneous group with the greatest number of grains are test trees 1, 4 and
3, and in the group with the smallest number of grains are test trees 15, 8 and 10
(Table 7).

Table 8. Regression analysis

Trees Parameter r r’ P N
1 Cone length x Number of seeds 0,548611 0,300974 0,0000 50
Cone width x Number of seeds 0,528498 0,27931 0,0001 50
3 Cone length x Number of seeds 0,890308 0,792648 0,0000 50
Cone width x Number of seeds 0,889399 0,791031 0,0000 50
3 Cone length x Number of seeds 0,825719 0,681812 0,0000 50
Cone width x Number of seeds 0,81389 0,662417 0,0000 50
4 Cone length x Number of seeds 0,888308 0,789091 0,0000 50
Cone width x Number of seeds 0,903113 0,815613 0,0000 50
5 Cone length x Number of seeds 0,940068 0,883728 0,0000 50
Cone width x Number of seeds 0,923862 0,853521 0,0000 50
6 Cone length x Number of seeds 0,908907 0,826112 0,0000 50
Cone width x Number of seeds 0,928016 0,861214 0,0000 50
7 Cone length x Number of seeds 0,913761 0,834959 0,0000 50
Cone width x Number of seeds 0,913203 0,83394 0,0000 50
3 Cone length x Number of seeds 0,914862 0,836972 0,0000 50
Cone width x Number of seeds 0,933206 0,870873 0,0000 50
9 Cone length x Number of seeds 0,912043 0,831822 0,0000 50
Cone width x Number of seeds 0,954006 0,910127 0,0000 50
10 Cone length x Number of seeds 0,886714 0,786262 0,0000 50
Cone width x Number of seeds 0,890744 0,793425 0,0000 50
11 Cone length x Number of seeds 0,844746 0,713596 0,0000 50
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Trees Parameter r r N

P
Cone width x Number of seeds 0,830205 0,68924 0,0000 50
12 Cone length x Number of seeds 0,840029 0,705649 0,0000 50
Cone width x Number of seeds 0,85299 0,727592 0,0000 50
13 Cone length x Number of seeds 0,752248 0,565877 0,0000 50
Cone width x Number of seeds 0,793055 0,628936 0,0000 50
14 Cone length x Number of seeds 0,858214 0,736531 0,0000 50
Cone width x Number of seeds 0,8997 0,80946 0,0000 50
15 Cone length x Number of seeds 0,885102 0,783406 0,0000 50
Cone width x Number of seeds 0,910709 0,829391 0,0000 50
16 Cone length x Number of seeds 0,892438 0,796446 0,0000 50
Cone width x Number of seeds 0,913385 0,834272 0,0000 50
17 Cone length x Number of seeds 0,840042 0,705671 0,0000 50
Cone width x Number of seeds 0,825407 0,681297 0,0000 50
18 Cone length x Number of seeds 0,793743 0,630028 0,0000 50
Cone width x Number of seeds 0,833713 0,695077 0,0000 50
19 Cone length x Number of seeds 0,864266 0,746956 0,0000 50
Cone width x Number of seeds 0,886702 0,78624 0,0000 50
20 Cone length x Number of seeds 0,653156 0,426613 0,0000 50
Cone width x Number of seeds 0,711399 0,506089 0,0000 50

Table 8 shows the coefficients of the linear correlation, the correlation
coefficient (r), and the coefficient of determination (). By regression analysis was
tried to link cone length and number of grains, as well as cone width and number of
grains whereby is being determined only correlation. Coefficients of the linear
correlation are statistically significant for the confidence level 5%.

The correlation coefficient shows linear correlation of observed characters.
A positive value of the correlation coefficient shows the positive correlation of
observed characters. Increasing the value of one character leads to increasing the
value of another. The coefficient of determination, as relative indicator, is used to
determine the relationship of the observed characters. The relationship between the
cone length and number of grains is the strongest in the test tree marked with
number 5 (r’=0,883728), and the weakest in the test tree marked with number 1
(r’=0,300974). Relationship between the cone width and number of grains is the
strongest in the test tree marked with number 9 (r*=0,910127), and the weakest in
the test tree marked with number 1 (*=0,27931).

4. CONCLUSIONS

The variability of the quantity and quality of yield of more important tree
species is for a long time the subject of research of forest science and profession.
However, the degree of exploration of the genetic variability of quantity and
quality of forest trees’ seed yield and the possibility of its adequate use in our
country is still below the actual needs and it is not in accordance with the economic
importance. Thanks to the research results of Tucovié¢, A. (1975), Mrva,
F. (1976, 1984), Popnikola, N. (1978), Tucovi¢, A., Stilinovic,
S. (1982), Tucovi¢, A., Isajev, V. (1985), Isajev, V. (1987),
Tosi¢, M. (1991), Mataruga, M. (2003), Luci¢, A. (2007), Luci¢,
A. (2012) etc., the knowledge has been gradually completed and relationship
between genetic constitution of populations and environmental conditions has been
explained closer, as well as the morphological and physiological characters of seed.
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To the learning about the variability in size of cones depending on the population,
genotype and collection year, contributed following papers: in Scots pine ToS§i¢,
M. (1991); Luci¢, A.(2012), in Austrian pine Luci¢, A. (2007), in Serbian
spruce Isajev, V. (1987); Tucovié, A. et al. (1982); Sijacié-
Nikolié, M. (2000, 2003) and in Spruce Sijac¢ié-Nikolié, M. et al.
(2010).

The results obtained from the analysis of variability of morphometric
characteristics of cones of 20 Bald cypress test trees originated from seed stand
near Backa Palanka contribute to better understanding of relationships of analyzed
characters, as well as the influence of analyzed characters on differentiation of test
trees. Based on these results differences were noticed in the values of the observed
characters for the each test tree individually. The test tree marked with number 1
stands out with the highest value for all three observed characters, the test tree
number 11 has the smallest value for characters cone length and cone width, while
the smallest value for the number of grains has test tree number 15. By regression
analysis was tried to link cone length and number of grains, as well as cone width
and number of grains whereby was being determined only correlation. The
relationship between the cone length and number of grains is the strongest in the
test tree marked with number 5 and between cone width and number of grains in
the test tree number 9. The test tree number 1 has the weakest relationship in both,
the cone length and number of grains as well as the cone width and number of
grains.

Conducted researches have to be continued in the direction of continuous
monitoring of yield quality and quantity in Bald cypress seed stand near Backa
Palanka as the basis for the mass production of genetic quality seed and planting
material of this species in Serbia.
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1. INTRODUCTION

According to the National Forest Inventory of the Republic of Serbia
(Bankovi¢ et al 2009), beech forests are the most represented and cover 660,400
ha, or 29.3% of the total forest area, 67.4% out of which is state owned. Moreover,
beech dominates in terms of volume, and accounts for 40.5% of the total wood
volume, and 30.6% of the volume increment.

High beech forests, which are the subject of this study, account for 53.1%
of the total beech forest area. The average number of trees is 530 per hectare, the
average volume is 269 m’/ha, while the volume increment amounts to 5.0 m’/ha.
Pure stands account for 86.3% of the total beech forest area, with the average
volume of 239 m*/ha and volume increment of 4.5 m*/ha.

As a result of the previous method of high beech forest management, the
studied stands are predominantly heterogeneous and uneven-aged. Based on
previous studies of beech, it has been observed that a process of natural
regeneration of stands does not take place continuously and in a planned manner.

According to common practice, the term young growth refers to plants
below the taxation threshold (5cm), when it concerns uneven-aged, that is,
selection stands. The same principle is applied in even-aged stands, although the
data cannot have the same character in young and middle-aged stands. The term
seedling refers to plants of the up to 0.1m height.

The task and aim of this study of number and quality of young growth in
high beech forests are of exceptional importance, as the obtained results provide
insight into a natural regeneration of stands development process, which represents
an important indicator of sustainable management.

2. OBJECT OF STUDY

The object of study consists of eleven high pure uneven-aged beech stands,
selected in six forest areas: Severni Kucaj, Jablanica, Podrinje-Kolubara, Donji
Ibar, Golija and Rasina.

In the Severni Kucaj forest area, three beech stands were selected. In the
'Majdan Kucajna' Management Unit, the stand 33a was selected, while in the 'Crni
Vrh' Management Unit, stands 42a and 42b were selected.

In the Jablanica forest area, two beech stands were selected. In the 'Kacer-
Zeleni¢je' Management Unit, the stand 31a was selected, while in the 'Kukavica 1'
Management Unit the stand 46a was selected.

In the Rasina forest area, one beech stand was selected. In the 'Lomnicka
reka' Management Unit, the stand 116a was selected.

In the Donji Ibar forest area, one beech stand was selected. In the 'Zeljin'
Management Unit, the stand 44a was selected.

In the Golija forest area, two beech stands were selected. In the ‘Javor-
Korav¢ina' Management Unit, stands 8a and 8b were selected.

In the Podrinje-Kolubara forest area, two beech stands were selected. In
the ‘Isto¢na Boranja' Management Unit, the stand 122a was selected, while in the
'Zapadna Boranja' Management Unit, the stand 27a was selected.
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3. WORK METHOD

Data on seedling and young growth were collected concurrently with other
extensive data on site and stand, on trial plots in form of circle and of different
radii (Koprivica, M. et.al. 2005). A network of trial plots, at the distance of 100 x
100 m, was distributed in stands. In every trial circle, following the marking of its
centre, the data on seedling and young growth numbers were collected first, which
was followed by an evaluation of young growth quality and manner of occurrence.
Three concentric circles, of radii 1.0, 1.5 and 12.62m, were placed.

In the 1.0 m radius circle, the number of young growth plants, of the up to
1.3 m height, was recorded according to tree species and the total number. Two
categories of young growth were selected:

e young growth of the up to 0.5 m height (early young growth) and

e young growth of the height between 0.5 and 1.3 m (late young growth).

In the 1.5 m radius circle, the number of young growth plants, of the breast
diameter from 0 to 5 cm (young forest), was recorded according to tree species and
the total number. The occurrence of seedling was also recorded in this circle, but
only in terms: ‘seedling exists’ and ‘seedling does not exist’. If seedling occurred,
it was recorded only according to tree species, while the number of plants was not
determined. For the existence of seedling to be confirmed, it was sufficient to
record at least one plant.

In the 12.62m radius circle, the young growth quality and manner of
occurrence were recorded. The quality of young growth was defined by evaluation
of young growth suppression and damage. The evaluation of young growth
suppression and damage includes all previously mentioned categories (with respect
to height and diameter) considered together, but according to tree species. Three
categories of young growth suppression and damage were distinguished:

- young growth suppressed - young growth undamaged
- young growth slightly suppressed - young growth slightly damaged
- young growth severely suppressed - young growth severely damaged

The young growth suppression was established based on a plant general
appearance.

Damage to young growth (caused by livestock, wild game and all other
causes) was established according to tree species. The young growth was slightly
damaged in case when less than 1/5 of plants were damaged, and severely damaged
when the number of damaged plants was higher than 1/5 of the total number of
young growth plants.

In the 12.62 m radius circle, a manner of occurrence of young growth was
also recorded. In that respect, it was recorded whether young growth occurred in
form of uniformly distributed individual plants, or in groups, or in both forms
together. These data were gathered collectively for all categories of young growth.
The data were recorded in both uneven-aged and even-aged stands.

When counting young growth plants, that is, young trees, the same
procedure was applied as when recording adult trees.
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In the 12.62 m radius circle, orographic factors were also recorded:
altitude, terrain inclination and exposure, along with all collected data on trees
above the taxation threshold, necessary for determining stand factors (canopy
closure, quality, number of trees, basal area, volume, volume increment, etc.)

For classification of young growth according to development phases, the
East European nomenclature was used (Tkacenko, M.K. 1952; BunuSevac, T.
1950; Dakov, M., Vlasev, V. 1972). For the purpose of gaining insight into stand
conditions, data on geological substratum, soil type and ground vegetation were
collected.

4. STUDY RESULTS AND DISCUSSION
4.1 Pedological conditions

Beech is a species of broad ecological amplitude, which, in Serbia, creates
a large number of plant communities, spreading from a sub-montane to a sub-
alpine belt. In addition to a broad climatic amplitude, this species occurs in
different geological substrata and in different soil development stages. In Serbia,
beech forests occur on ten soil types (Knezevic, M. 2003).

In nine localities, in which the study was conducted, seven soil types were
identified.

In the Severni Kucaj forest area, in the stand 33a, the geological
substratum consists of limestone (with clearly distinct elements of karst relief),
along with red and quartz sandstone. On the limestone with steep inclinations,
shallow typical black soils were formed next to colluvial soils, in areas with mild
inclinations. In flat limestone terrains, luvisols were formed. In the part of stand in
which red and quartz sandstones are represented, acid brown soils are present. In
the stands 42a and 42b pedological conditions are uniform. The soil type is district
ranker, which in the lower part of the profile attained brown colour. In all three
studied stands, pedological conditions for occurrence of young growth are
favourable.

In the Jablanica forest area, in the stand 31a, pedological conditions are
different, which is a result of a distinctly corrugated character of the terrain,
various micro-exposures and inclinations. The geological substratum consists of
decomposing gneiss, while the most represented type of soil is acid brown —
typical. On milder inclinations, in lower parts of stand, acid brown soil is affected
by a loess process. In the under ridge part of the stand, below a dense blueberry
canopy, brown podzolic soil was recorded. A high acidity indicates an increased
presence of distinctly acidophilus species, which characterise a strong to extreme
acidity of soil solution, such as: Luzula luzuloides, Leucobrium glaucum, Pteridium
aquilinum, Vaccinium myrtillus and Hieracium pilosella. The limiting factors for
occurrence and survival of young growth in this stand are: high inclination, erosion
processes, and soil wash off. In the stand 46a, brown acid soil, (district cambisol),
was recorded on gneiss of shaley structure. Owing to a high content of sand, soils
are water-permeable and well-aerated, which are good preconditions for occurrence
and survival of young growth.
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In the Rasina forest area, in the stand 116a, brown acid soil was recorded.
Physical and chemical properties of this soil are favourable for a natural
regeneration process.

In the Donji Ibar forest area, in the stand 44a, acid brown soil, of relatively
uniform physical and chemical properties, was recorded. Soil physical and
chemical properties in this stand are also favourable for a natural regeneration
process.

In the Golija forest area, in the stands 8a and 8b, acid brown soil alone was
recorded in all trial plots. In most part of the studied stand, the soil is well water-
permeable and aerated. A high acidity of stand is characterised by an increased
presence of the following acidophilus species: Oxalis acetosella, Veronica
officinalis, Vaccinium murtillus, Luzula nemorosa, Pteridium aquilinum and moss
of genus Hepaticae. These stands are generally of poor quality, which results in a
less successful natural regeneration. An additional limiting factor is presence of
blueberry in form of large facies, which physically hamper natural regeneration.

In the Podrinje-Kolubara forest area, in the stand 122a, acid brown soil -
typical was recorded. In the stand 27a, acid brown soil dominates. In addition to
this type of soil, pseudogley frequently occurs, and, less frequently, luvisol. In both
studied stands, in pedological terms, conditions for natural regeneration are
favourable.

4.2 The impact of stand characteristics on occurrence and quality of young
growth

Natural regeneration of even-aged beech stands is most commonly
performed by means of shelterwood felling. A standard shelterwood felling on
large areas has been applied in case when stand conditions are homogenous. The
analysis of young growth occurrence and quality is contingent upon a structural and
silvicultural form of stand. Generally, young growth is not analysed in young even-
aged stands, owing to the fact that, even when it exists, it most commonly
represents a result of unskilled forest management. In these stands, regeneration is
not a priority silvicultural goal.

This study is concerned with uneven-aged beech stands. Stand conditions
are largely heterogeneous, owing to which combined methods, employed on
smaller areas and graded according to time, space and intensity, represent more
suitable means of regeneration. Under the above-mentioned stand conditions, such
methods are proposed by Dobrev, D. et. al. (1974), Dakov, M., Vlasev, V. (1979),
Krsti¢, M. (1982), Stojanovi¢, Lj., Krsti¢, M. (2000. 2003). Group-shelterwood
felling in different variants, along with a free technique of silviculture (Mlinsek, D.
1968), were most frequently proposed as combined regeneration methods.

4.2.1 The analysis of taxation elements
According to structure, nearly all stands are group uneven-aged. The
exceptions are stands 42a and 8a, which are, as a result of a solely low thinning,

currently even-aged in terms of structure. In all stands natural regeneration occurs
spontaneously. Young growth predominantly occurs in small groups, in areas where
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conditions for its occurrence were fulfilled as a result of applied silvicultural
measures. In areas where canopy closure is more open, that is, creates a gap, weed
infestation and absence of young growth occurred. The summary of basic taxation
elements for studied stands is presented in Table 1.

Table 1. Basic taxation elements of studied beech stands

. Qualit Type of N G v Iv
Management Unit Stand y Dg H, tree (pes) | (mha) | (mha) | (m¥ha)
39 31 beech 258.3 32.01 504.54 8.14
Majdan-Kuc¢ajna 33a I 4 ’ 0 ’ other 15.7 1.41 17.95 0.46
total 273.9 33.42 522.49 8.60
Crni vrh 42a I 3:’ 2:’ beech 321.1 31.68 379.61 6.61
36 )1 beech 304.0 31.39 33241 4.93
Crni vrh 426 /v ) ? ? other 4.0 0.14 0.81 0.03
total 308.0 31.53 333.22 4.96
30 23 beech 294.4 21.41 289.86 6.28
Kacer-Zelenic¢je 3la II 5 ’ 0 ’ other 6.9 0.12 0.98 0.08
total 301.3 21.53 290.84 6.36
31 27 beech 281.4 22.89 314.04 9.94
Kukavica I 46a 1I/111 s ’ other 17.1 0.32 1.96 0.13
total 298.6 23.21 316.00 10.07
30 2% beech 248.5 20.34 273.02 7.16
Lomnicka reka 116a 1I/111 0 ’ 4 ’ other 65.5 1.86 16.83 0.87
total 3139 22.20 289.85 8.03
36 1 beech 292.2 31.01 501.81 9.22
Zeljin 44a i 7 ? ) ’ other 1.7 0.03 0.22 0.01
total 293.9 31.04 502.03 9.23
Javor-Korav¢ina 8a 1I/111 3; ’ 295 ’ beech 352.5 30.78 385.15 8.92
Javor-Koravéina 86 /1 297’ 2;1, beech 482.0 29.45 360.90 6.70
Isto¢na Boranja 122a 41 461’ 373’ beech 213.8 29.03 503.58 10.49
Zapadna Boranja 27a II 373’ 3;)’ beech 259.0 23.10 353.76 8.03

Number of trees per hectare is uniform in all stands. As a result of recently
performed felling, there is a slightly lower number of trees in Isto¢na and Zapadna
Boranja, while there is a slightly higher number of trees in the stand 8b on account
of non-performed shelterwood felling. In addition to the above-mentioned stand
characteristics, number of trees is contingent upon a stand quality and, in
consequence, the best quality stands have the lowest number of trees.

Basal area and volume, as direct indicators of productivity, are also
contingent upon the stand quality. The highest values of these taxation elements are
attained in the best quality stands, while they decrease as the quality deteriorates.
However, the average volume values in studied stands are higher than the average
and optimum values for Serbia, amounting to 207.2 m3/ha (Tomani¢, L. 1993) and
250.0 m*ha (Milin, Z. et al 1994) respectively in high beech forests in Serbia.

Furthermore, a current volume increment, as an indicator of stand
productivity, is directly contingent upon the stand quality. The stand of best quality
(122a) has a current volume increment of over 10 m3/ha, whereas a stand of worst
quality (42b) has a current volume increment of 4.96 m*/ha. The average value of
current volume increment in high beech forests in Serbia amounts to 4.6 m*/ha
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(Tomanic¢, L. 1993), whereas the optimum volume increment amounts to 6.0 m*ha
(Milin, Z. et.al. 1994).

4.2.2 The impact of canopy closure on natural regeneration

In the studied beech stands, regeneration largely occurred spontaneously,
in form of groups in areas where canopy closure was more open. For initiation of
the process of natural regeneration in beech stands, canopy closure should be
reduced to 0.6 — 0.7 (Stojanovi¢, Lj., Krsti¢ M. 2000). As can be seen in Table 2,
there are very few such areas, which indicates that a planned regeneration has not
been initiated. In all studied stands, there are most trial plots with the largest
canopy closure, and the fewest trial plots with the smallest canopy closure. The
exceptions are stands 31a and 8a, where the average canopy closure is optimum,
although a high representation of areas with the canopy closure over 0.7 has also
been recorded in these stands. In areas where canopy closure is more open, the
presence of Rubus sp., Vaccinium myrtillus and Pteridium aquilinum, which
hamper natural regeneration of beech, is increased.

By bringing canopy closure to the optimum level (0.6-0.7), a more rapid
transformation of organic matter and improvement of general soil characteristics
take place, while reducing the canopy closure below this threshold can lead to
increased presence of species Vaccinium myrtillus and Pteridium aquilinum, which
hamper natural regeneration.

In the areas in which canopy closure is 0.6-0.7, young growth occurred in
most cases and its tending will depend on stand characteristics. In the stands 33a,
44a and 8b, there were no exemplary areas with canopy closure optimum for
regeneration, while the average canopy closure in these stands is over 0.9. A large
canopy closure and lack of canopy closure areas optimum for regeneration in
stands 33a and 8b can account for a large decrease in number of plants, from
seedling and early young growth phases to a late young growth phase. More
specifically, a large number of plants die out within a short period in a negative
selection phase, due to a lack of light. In the stand 33a, favourable pedological
conditions, primarily in terms of receiving and retaining accessible water, cannot
enable survival of plants in long-term, due to a closed canopy closure and lack of
lights.

Table 2. Distribution of beech stand areas according to a canopy closure degree

Land coverage degree (%)
p = = =3 =) o = =3 =3 S
Management Unit | Stand I @ 5 & ° & o a = s
— — — —_ —_ —_ — !
- N o < ) N ~ ) =~ 3
Majdan-Kuc¢ajna 33a - - 4.35 - - - 8.70 | 21.73 | 65.22 | 90.43
Crni vrh 42a - - - - 5.55 [ 1111 | 11.11 [ 2223 | 50.0 | 86.78
Crni vrh 426 - - - - 10.0 | 10.0 | 20.0 | 10.0 | 50.0 | 83.9
Kacer-Zelenicje 3la 3.12 - 3.12 | 21.88 | 3.12 | 12.50 | 15.63 | 25.00 | 15.63 | 69.38
Kukavica I 46a 3.57 - 3.57 - 3.57 | 10.71 | 10.71 | 87.86 | 87.14
Lomnicka reka 116a - - - 6.06 - 9.09 | 18.18 | 36.36 | 30.30 | 83.1
Zeljin 44a - - - - - - 8.70 | 17.39 | 73.91 | 93.7
Javor-Korav¢ina 8a - 6.25 - 6.25 | 625 | 1250 | 25.0 | 37.5 | 6.25 | 74.38
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Javor-Korav¢ina 86 - - - - 10.0 | 40.0 | 40.0 | 91.2

Isto¢na Boranja 122a - - - - 6.90 | 10.34 | 6.90 | 31.03 | 44.83 | 85.55

Zapadna Boranja 27a - - - - - 15.0 | 10.0 | 30.0 | 45.0 | 85.35

In the stand 44a, canopy closure is large, while regeneration and weed
infestation are low. A favourable capacity for receiving and retaining accessible
water in this stand enabled germination of seedling and its preservation until the
early young growth phase; however, lack of light was a limiting factor causing a
drastic drop in its number in the late young growth phase. Although the average
canopy closure in the stand 8a is optimum, the total canopy closure area below 0.6
accounts for 20% of the stand, which increased a share of areas strongly infested
by weed, which could not be regenerated. A large number of plants in the seedling
and early young growth phase were recorded. In such cases, the increased weed
infestation affected the reduction of seedling. More specifically, a previously
uneven-aged stand was transformed, by means of a radically low thinning, into a
structurally even-aged stand, which led to a higher opening of land and its weed-
infestation.

The stand 31a has an average canopy closure optimum for regeneration,
but approximately 30% of the area has canopy closure below 60%, which led to
occurrence of more than 20% of area with an increased weed-infestation and low
number of seedling. Unfavourable pedological conditions probably also had an
impact on number of seed/ing in this stand.

All other stands have had a large share of areas with canopy closure over
0.7 for a long period, which resulted in a low number of seedling during all
seedling development phases. In the stands of poorer production capacity and
quality, in certain groups it was necessary to perform shelterwood felling, that is,
tending of spontaneously occurred young growth. In some groups with a sufficient
number of trees of good productivity and quality, tending of quality trees ought to
be continued, regardless of occurrence of young growth. In groups where canopy
closure is interrupted, it is necessary to start natural regeneration by means of
group-shelterwood felling. In stands in which young growth reached the 0.5-0.6m
height, and canopy closure is interrupted, young growth ought to be released from a
large shade and canopy closure reduced to 0.2-0.4 by a subsequent felling
(Stojanovic, Lj., Krsti¢, M. 2000).

A large presence of areas with terraced canopy closure indicates uneven-
aged stands. The exceptions are two structurally even-aged stands (8a and 42a), in
which areas with horizontal canopy closure prevail.

4.2.3 Weed infestation impact

Weed infestation of stands is directly related to their canopy closure. It has
been already observed that natural regeneration of stands cannot take place unless
the canopy cover is reduced to 0.6-0.7. Further reduction of a canopy closure
degree usually leads to soil weed infestation. Depending on forest site conditions,
weed infestation can occur if natural regeneration was not successful, due to a lack
of seed yield or other reasons. With deterioration of a site quality, stand
productivity and quality, weed infestations increases, which hampers natural

34



regeneration. In most stands, weed infestation is moderate (Table 3), while its
increase is influenced by a felling performed in the previous period (8a).

Table 3. Distribution of beech stand areas according to a weed infestation degree

A weed infestation degree (%)
B o O I S F‘E
Management Unit Stand gl j f f S| g o
- N <t o ; E
Majdan-Kucajna 33a 17.39 | 8.70 8.70 8.70 8.70 | 47.83
Crni vrh 42a - 27.78 | 22.22 | 16.67 | 33.33 -
Crni vrh 426 - - 10.00 | 10.00 | 80.00 -
Kacer-Zelenigje 3la 12.50 | 21.88 | 21.88 | 12.50 | 6.25 | 25.00
Kukavica I 46a 75.00 | 10.71 - 7.14 7.14 -
Lomnicka reka 116a 30.30 | 15.15 | 15.15 | 15.15 | 21.21 | 3.03
Zeljin 44a 56.52 | 17.39 | 13.04 | 8.70 | 4.35 -
Javor-Koravéina 8a 12.50 | 12.50 | 6.25 | 25.00 | 31.25 | 12.50
Javor-Korav¢€ina 80 40.00 | 40.00 - - 20.00 -
Isto¢na Boranja 122a 17.24 | 20.69 | 10.34 | 27.59 | 24.14 -
Zapadna Boranja 27a 65.00 | 15.00 - - - 20,00

The stand most affected by weed infestation is 4b. If a set silviculture goal
is regeneration, that is, rejuvenation, in some cases auxiliary measures ought to be
taken for removal of weed.

Among woody species hampering regeneration, the most represented is
Sambucus nigra. Other woody species such as Fraxinus ornus, Corylus avellana,
Cornus mas, Sambucus racemosa, Lonicera sp. and Rosa sp. are far less
represented. The most important among semi-shrubs is Vaccinium myrtillus, which
crates whole facies on strongly acid soils, which completely prevent natural
regeneration of beech. Among herbaceous species, the most important are species
of genus Rubus. Pteridium aquilinum, which can threaten natural regeneration on
acid soils, occurs slightly less frequently. Other species from the shrub storey and
ground flora do not have a significant impact on natural regeneration of studied
beech stands.

4.2.4 Young growth number and manner of occurrence

According to studies by Dobrev, D. et al (1974), for a stand natural
regeneration to be successful, a number of young growth plants in the earliest phase
should amount to 10-15 pieces per m’, that is, 100-150 thousand per hectare. This
refers to young growth of the 11-50 cm height. When young growth is over 50 cm
high, a final or subsequent felling is performed. As can be seen in Table 4, in
studied stands there are no sufficient numbers of young growth of any category. In
some stands (32a, 42a, 8a and 8b), a slightly higher number of plants in the early
young growth phase (11-50 cm) was recorded. However, a significant reduction of
late young growth (51-130cm) and early young forest plants (of a 0-5 cm breast
height diameter) was recorded in all stands. The analysis of canopy closure impact
on a young growth number indicates that canopy closure in these stands is far
larger than the optimum for a successful regeneration process. It is clear that
canopy closure performed the key role in a die out of large number of plants in
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negative selection, from the early young growth phase to the late young growth and
early young forest phase. Furthermore, a regression analysis confirmed that a
number of young growth in the early young forest phase is most affected by canopy
closure of parent stand. Soils in these stands are of good water-air properties,
which particularly refers to stand 33a, which has the largest number of plants in the
early young growth phase (11-50 cm).

In other stands (4260, 31a, 46a, 116a, 44a, 122a and 27a), number of young
growth in all development phases is far below the minimum necessary for the
process of regular natural regeneration. However, since the young growth in stands
is most frequently distributed in groups, in some groups there is a sufficient
number of young growth for stand regeneration by shelterwood felling. In stands
33a and 8b, due to uneven-aged character of trees in the entire area, young growth
most frequently occurs individually. The priority silvicultural goal in such cases is
removal of predominant and overage trees. Following the removal of these trees, it
is probable that a new young growth core will be created with a group occurrence
of young growth.

Table 4. Number of young growth in beech stands according to given categories

Number of young growth plants (per hectare)
Management Unit Stand Tree type Height Height Diameter Total
11-50 cm 51-130 cm 0-5cm

Beech 28.524 831 62 29.417

Majdan-Kucajna 33a Other 1.107 - - 1.107
Total 29.631 831 62 30.524

Beech 18.754 14.685 4.797 38.236

Crni vrh 42a Other - 10 31 41

Total 18.754 14.695 4.828 38.277

Crni vrh 426 Beech 2.866 2.548 - 5.414
Kacer-Zeleni¢je 3la Beech 6.170 896 4.777 11.843
Beech 682 341 758 1.781

Kukavica I 46a Other 683 341 202 1.226
Total 1.365 682 960 3.007

Beech 2.316 483 2.574 5.373

Lomnicka reka 116a Other 1.448 - 472 1.920
Total 3.764 483 3.046 7.293

Zeljin 44a Beech 4.154 415 738 5.307
Javor-Koravéina 8a Beech 26.473 398 885 27.756
Javor-Korav¢ina 86 Beech 9.236 - 425 9.661
Istoéna Boranja 122a Beech 3.075 110 1.367 4.552
Zapadna Boranja 27a Beech 2.548 2.229 1.274 6.051

It should be noted that the data on numbers of young growth given in Table
4 represent the average value for the entire stand area. However, stand conditions
are heterogeneous and suitable for group-shelterwood regeneration methods,
therefore, the number of young growth is more important in certain groups in
which regeneration is set as a silvicultural goal. The occurrence of seedling and
development of young growth also depends on site conditions. Among others,
climatic factors, which are largely determined by the altitude, are of significant
importance. With the increase of altitude, a climate humidity increases, duration of
vegetation period decreases, winters are colder and longer, which affects seed
germination and seedling development. Additionally, less favourable climatic
conditions affect the frequency of fruit bearing, quantity of seed and its
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germination ability. For that reason, in addition to stand condition, high altitude
can be one of the reasons that number of young growth per hectare is among the
lowest in stand 42b. General macro-climatic conditions can be modified by a form,
size and direction of initial regeneration core felling, by which more favourable
micro-climatic conditions for occurrence and survival of young growth are created
(Krsti¢, M., Stojanovi¢, Lj. 2003).

4.2.5 Young growth quality

Young growth was evaluated based on a level of plant suppression and
damage. The best quality young growth was recorded in stands 33a, 31a, 42a. The
next in terms of quality are the stands 27a, 122a, 46a and 42b, while the young
growth of poorest quality is found in stands 44a, 116a, 8a, 8b. It has been observed
that suppression of young growth is most frequently represented in stands with
overlarge canopy closure, as well as in stands that had such a canopy closure prior
to last felling. Physical and chemical properties of soil did not have a significant
impact on quality of young growth. Similarly to young growth suppression, the
largest representation of trial plots with damaged young growth is in stands 116a,
8b, 8a, 44a and 27a.

All other stands have a relatively low percentage of damaged youth
growth. The damage to youth growth is largely caused by felling and extracting of
trees, and, to a less extent, by wild game, livestock and antibiotic factors.

4.2.6 Presence of seedling

Seedling is most represented in stands 33a, 8b and 8a. Owing to a large
area crown spreading, the highest number of seedling occurs in stands with the
largest canopy closure. However, when the opening of canopy closure and its
reducing to the optimum size did not take place, this young growth most frequently
deteriorates, which can be seen from the analysis of young growth numbers. Young
growth in these stands remains until the end of early young growth development
phase, after which a die out of plants occurs, due to lack of light. Physical and
chemical properties of soil did not have a significant impact on occurrence of
young growth.

5. CONCLUSION

By studying natural regeneration of high beech stands in Central Serbia,
the following conclusions can be drawn:

» All studied stands are heterogeneous and uneven-aged, for which reason in
most cases it is necessary to perform regeneration by means of group-
shelterwood felling.

» Natural regeneration of stands depends mostly on site and stand factors. A site
produces an impact as a complex of correlated factors, while micro-climatic
conditions are changed following the performance of various shelterwood

37



felling measures. Among stand conditions, canopy closure, which regulates
the amount of light influx, has the strongest impact on occurrence and
preservation of young growth. In stands with the largest canopy closure,
owing to a large area crown spreading, a relatively high quantity of seed and,
consequently, a high quantity of seedling is obtained, which survives until the
end of early young growth phase, after which it abruptly dies out through
negative selection, as a result of lack of light.

» A regeneration level of all studied stands is low in the entire area, but in
certain groups, as a result of heterogeneous structure, it is sufficient for
performance of group-shelterwood felling, if, based on site and stand
conditions, regeneration is set as a silvicultural goal in these groups.

» In certain parts of stands in which canopy closure is more open, a strong weed
infestation occurred. In order to transform these areas into young growth
cores, it is also necessary to apply auxiliary measures to aid natural
regeneration, primarily removal of weed and, in extreme climatic conditions,
to introduce 1-2 subsequent felling.

» The previous method of high beech forest management in Serbia led to their
strong heterogeneousness and uneven-aged character. A system of selection
and, after that, group management, has been applied for a long period. Since
1990's, a system of moderate stand management has been introduced, which
has not produced significant results. In practice, quality trees were frequently
cut off, which led to a decrease of capacity of stands for production and
regular natural regeneration. The process of their natural regeneration does not
take place in a planned manner and continuity. A number of plants per hectare
of all categories of young growth is insufficient, while its quality is
unsatisfactory. That is in collision with the principles of sustainable forest
management. Therefore, this aspect of the analysis of condition of high beech
forests also points out to a need for re-examination of current systems of
beech forest management in Serbia.
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Abstract: According to EUNIS classification, the analysed stands belong to a
mixed beech-fir forest type (G4.61). The soils are eutric cambisol, eutric rankers, distric
cambisol and luvisol. 65 plants were identified, out of which 6 tree species, 9 shrub species
and 50 ground flora species. The ecological indices have the following averages values:
humidity from 2.90 to 3.00, soil chemical reaction from 2.71 to 3.15, nutrient matter from
2.55 to 2.83, light from 2.28 to 2.60 and temperature from 2.56 to 3.07. Out of the total
number of recorded plants, 29, that is, 46.0% are medicinal, namely,; 4 species come under
healing class one, 2 come under healing class two, 11 come under healing class three, 6
come under healing class four and 6 come under healing class five. The following fruit tree
species were identified: Vaccinium myrtillis, Crataegus monogyna, Fragaria vesca, Sorbus
aucuparia, Lonicera nigra, Rubus hirtus, Sorbus austriacus. 24 melliferous plants were
recorded in beech and fir forests, out of which 6 woody, 6 shrub and 10 herbaceous plants.
The highest number of melliferous plants blossom in May. The beech and fir forest was
recorded on 464.09 hectares. The total volume is 161,015 m>. The trees with a diameter
lower than 30 cm account for 51.5%.

Key terms: beech and fir forests, G4.61, sustainable use, natural resources

RESURSI SUME BUKVE I JELE
NA PODRUCJU PESTERSKE VISORAVNI

Usson: Po EUNIS klasifikaciji analizirane sastojine pripadaju mesovitim bukovo-
jelovim sumama (G4.61). Zemljista su eutricni kambisoli, eutricni rankeri, districni
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kambisoli i luvisoli. Konstatovano je 65 biljaka, od cega 6 vrsta drveca, 9 vrsta zbunova i
50 vrsta prizemne flore. Ekoloski indesi za vlaznost imaju prosecnu vrednost od 2.90 do
3.00, za hemijsku reakciju zemljista od 2.71 do 3.15, za hranljive materije od 2.55 do 2.83,
za svetlost od 2.28 do 2.60 i za temperaturu od 2.56 do 3.07. Od ukupno registrovanih
biljaka 29 je lekovito, odnosno 46.0% i to: 4 pripadaju prvoj, 2 drugoj, 11 trecoj, 6
Cetvrtoj i 6 vrsta petoj kategoriji lekovitosti. Konstatovane su sledece vrste vockarica:
Vaccinium myrtillis, Crataegus monogyna, Fragaria vesca, Sorbus aucuparia, Lonicera
nigra, Rubus hirtus, Sorbus austriacus. U Sumama bukve i jele konstatovano je 24
medonosnih vrsta, od cega 8 drvenastih, 6 zbunastih i 10 zeljastih. Broj medonosnih biljaka
u cvetu je najveéi tokom maja. Suma bukve i jele konstatovana je na 464.09 hektara.
Ukupna zapremina je 161015 m’. Stabla sa tanjim precnikom od 30 cm ucestvuju sa 51.5%.

Kljuéne redi: Sume bukve i jele, G4.61, odrzivo kori$éenje, prirodni resursi

1. INTRODUCTION

Disappearance of forests by 10 million hectares per year points out to the
gravity of the problem and necessitates urgent measures aimed at preventing
degradation and devastation of existing forest ecosystems. In the concept of
ecocentric (or biocentric) use of resources, the ecosystem represents a complexity
of living organisms and has its value per se, as it considers human needs and
relation to nature in a different way. A manner in which nature creates and
maintains ecosystems is respected. The ecocentric concept protects, maintains and
restores functioning of natural resources, at the same time exploiting, on lasting
and permanent basis, all goods and services necessary for fulfilment of human
needs. The preference is given to ecological processes in ecosystems, providing for
the economic needs of the society, but not in a manner of industrial use. An
integral part is consideration for soil, water, bio-diversity and biomass. Attainment
of these goals is based on ecological, socio-demographic and economic criteria.
The paper is based on the Concept of sustainable use and it is focused on smaller
territorial units (areas)

2. MATERIAL AND METHOD

Habitat classification is based on EUNIS system of habitat classification.
Habitat classification constitutes an integral part of EUNIS (European Nature
Information System) system. This classification is created with a view to providing
a universal, integral classification for European habitats (Lakus¢i¢, D. et all., 2005;
Ratkni¢, M., 2008). Species diversity of beech stands (floristic composition) was
determined based on phytocenological records. The floristic composition was used
for the analysis of life forms, spectra of floristic elements, preparation of ecological
indices of communities, representation of medicinal herbs, fruit trees and
melliferous species. Life forms, as indicators of stand conditions, were determined
based on the representation of Phanerophyta, Chamephyta, Hemycryptophyta,
Cryptophyta and Therophyta. Classification on basic types of life forms was
conducted according to Raunkiaer (Dikli¢, N. 1984), based on characteristics for
each species, given in Flora of Serbia 1-X. Spectra of floristic elements were
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processed in conformity with the systematisation of plant-geographical elements by
Gaji¢ (Gaji¢, M. 1984), while the characteristics of each species were given in
Flora of Serbia 1 -X. Ecological indices of communities were determined based on
a biological spectrum of plants (Koji¢, N. et al, 1997). Ecological indices for soil
humidity, acidity, amount of nitrogen in soil (richness of mineral matter),
according to light and temperature, were analysed. Medicinal plants were defined
based on the data from the Strategy of medicinal plant protection in Serbia
(Amidzi¢ et al, 1999). Fruit tree types were defined based on the data from the
book ‘Wild fruit species of Serbia’ (Mratini¢, E, et Koji¢, M., 1998). Melliferous
species in beech stands were determined by drawing up a flora inventory. A
number of melliferous species, the melliferousness degree and the average
melliferousness of community were determined. Beech forest wood resources were
determined based on the Specific forest-economic basis of the area.

3, RESEARCH RESULTS

According to EUNIS classification, analysed Pester Plain forests belong to
a mixed beech-fir forest type (G4.61). Beech-fir forests in the Pester Plain occur
only at three locations: at Gutavica- above the village of Ugla in Fakuf Zabran, in
the Bare area and at Ogorijevac. Their low representation is a result of the
sensitivity to browse and stamping. Fir is less preserved than spruce, and in small
groups. It has not been preserved at positions exposed to wind, either. It survived
only in inaccessible canyons and river cliffs in the Bare area. This forest does not
exist as a complex, but it occurs alternately with other communities, in form of a
mosaic. In degraded stands, a mass occurrence of aspen, and in some places aspen
and birch tree, took place. The beech fir community at the Ogorijevac, Markovica
Potok and Jasikovac locality is situated at the altitude between 1,100 and 1,350m.
It occupies northern exposures at lower altitudes, while in western, south-western
and north-western exposures, it is located at higher altitudes. In the area of
Dubogica, the stands are located at inclinations of 20 to 45° (in the Markovi¢a
Potok canyon). The soil in beech and fir forest at Ogorijevac is luvisol. At
Jasikovac, distric cambisol is represented. The soil is acid, with pH value in water
from 3.8 to 4.8, while in KCl it is from 3.0 to 4.0.

65 plant species were identified in the community. There are 6 species in
the tree storey, 9 shrub species in the second storey and only 50 species in the
ground flora layer.

Community floristic composition in beech and fir forests: Abies alba
Mill.,, Lapsanacommunis L., Acer pseudoplatanus L., Loniceranigra L.,
Aegopodium podagraria L., Luzula luzuloides (Lam.) Dan., Ajuga reptans L.,
Luzula pilosa (L.), Willd., Anemone nemorosa L., Melampyrum pratense L.,
Anemone ranunculoides L., Moehringia trinervia (L.) Clairv., Angelica sylvestris
L., Mycelis muralis (L.) Rchb., Aremonia agrimonoides (L.) DC., Orchis pallens
L., Asperula odorata L., Oxalis acetosella L., Athyrium filix-foemina (L.) Roth.,
Paris quadrifolia L., Betula pendula Roth., Pinus silvestris L., Brachypodium
silvaticum (Huds.) P.B., Platanthera bifolia (L.) Rchb., Calamagrostis
arundinacea (L.) Roth., Polygonatum verticillatum (L.) All, Campanula
persicifolia L., Polypodium vulgare L., Carex hirta L., Polystichum aculeatum (L.)
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Roth., Carex silvatica Huds., Populus tremula L., Cephalanthera rubra (L.) Schr.,
Potentila erecta (L.) Raucsh., Corylus avelanna L., Prenanthes purpurea L.,
Crataegus monogyna Jacq., Ranunculus nemorosus DC., Dactylorhiza maculata
(L.) Soo., Rosa pendulina L., Danaa cornubiensis (Torn.) Burn., Rosa vosagiaca
Desp., Daphne laureola L., Rubus hirtus W.et K., Evonymus europaeus L.,
Solidago virga-aurea L., Fagus silvatica L., Sorbus aucuparia L., Festuca
valesiaca Schl., Sorbus austriacus (Beck.) Hedl., Fragaria vesca L., Stachys
silvatica L., Galium silvaticum L., Vaccinium myrtillis L., Gentiana asclepiadea
L., Valeriana dentate, Glechoma hirsuta W .etK., Veratrum nigrum L, Hypericum
maculatum  Cr., Veronica officinalis L., Hypericum montanum L., Viola alba
Bess., Knautia drymeia Hauff.

In the spectrum of life forms, lower presence of hemicryptophytes
(44.44%) can be observed in comparison to other communities in the area, which is
a result of more favourable climatic conditions in the river Dubocica valley, where
beech and fir community is mostly represented (Table 1). A high share of
geophytes (22.22%) points out to more favourable soil conditions (depth, humidity
and structure), but also to a favourable relative air humidity, which is a result of
rivers and streams flowing through stands. Phanerophytes and nano-phanerophytes
account for 25.39%. Chamaephytes account for 3.18% (1.59% of woody and
herbaceous,  respectively), therophytes account for 1.59%, while
therophytes/chamaephytes account for 3.17%.

Table 1. Life forms spectrum in beech and fir forests

life forms (%)

Nano- Woody Herbaceous Hemicrypto Therophytes/
iR s phanerophytes | chamaephytes | chamaephytes phytes SETIE || U chamaephytes
p np wC hc h g t tc

15.87 9.52 1.59 1.59
3539 318 44.44 22.22 1.59 3.17

In the floristic elements spectrum, the Central-European floristic elements
constitute the largest group in the community (38.10%). Euro-Asian floristic
elements account for 26.98%, circumpolar-cosmopolitan account for 11.11%,
while sub-Mediterranean account for 7.94%. Arctic-Boreal floristic elements
account for 9.52%, while Pontic-Central Asian constitute 4.76%. Beech and fir
forest belongs to a Central-European type of community, which is manifested
through a dominant role of Central-European floristic elements (Table 2).

Table 2. Floristic elements spectrum in beech and fir forest

Description of a floristic elements group Floristic element Share in %
1. FLORISTIC ELEMENTS OF NORTHERN REGIONS

Arctic floristic elements

Boreal floristic elements sub-Boreal 1.59
sub-Boreal-European-west Siberian 1.59
Sub-Boreal-Circumpolar 6.35 9.52

2. CENTRAL-EUROPEAN FLORISTIC ELEMENTS

Central-European Central-European 17.46

European sub-Central-European 19.05
Alpine-Carpathian 1.59 | 38.10

3. SUB-ATLANTIC FLORISTIC ELEMENTS
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Description of a floristic elements group Floristic element Share in %

sub-Atlantic and Atlantic sub-Atlantic/ sub-Mediterranean 159 [ 1.59
4. SUB-MEDITERRANEAN FLORISTIC ELEMENTS

sub-Mediterranean sub-Mediterranean 4.76
eastern-sub-Mediterranean eastern-sub-Mediterranean 1.59

Balkan sub-Illyrian 1.59 7.94

Balkan-Apennine
5. PONTIC-CENTRAL ASIAN FLORISTIC ELEMENTS

Pontic sub-Pontic 1.59
Pontic-eastern-sub-Mediterranean 1.59
sub-Pontic-sub-Mediterranean 1.59 4.76
6. EURO-ASIAN FLORISTIC ELEMENTS
sub-south-Siberian 6.35
Euro-Asian 14.29
sub-Euro-Asian 6.35 | 26.98
7. CIRCUMPOLAR AND COSMOPOLITAN FLORISTIC ELEMENTS
circumpolar 4.76
sub-circumpolar 3.17
cosmopolitan 3.17 | 11.11

The community has a large canopy closure on the first story, ranging from
0.6 to 0.9. The mean tree height is between 19 and 30m, while the mean diameter is
from 30 to 35 cm. In addition to fir (4bies alba) and beech (Fagusmoesiaca), there
is a significant presence of birch tree (Betula pendula), aspen (Populustremula),
maple (Acer pseudoplatanus) and white pine (Pinus silvestris). In the shrub storey,
Abies alba, Fagus moesiaca and Corylus avellana dominate. There is a significant
presence of Sorbus aucuparia and Evonymus europaeus, while Betula pendula,
Crataegus monogyna, Daphne laureola, Lonicera nigra, Populus tremula, Rosa
pendulina and other are less represented. In the third storey, a significant presence
of Vaccinium myrtilus can be observed, which points out to frigoriphilic conditions
for development of ground vegetation. There is also a significant presence of
Anemone nemorosa, Aremonia agrimonioides, Glechoma hirsuta, Polygonatum
verticillatum, Prenanthes purpurea, Athyrium filix-femina, Brachypodium
silvaticum, Carex silvatica, Galium silvaticum, Gentiana asclepiadea, Platantera
bifolia, Polysticum aculeatum and Solidago virga aurea.

3.1 Beech and fir forest ecological indices

Beech and fir forest ecological indices have the following average values:
humidity (V) 2.96 (2.90 to 3.00): soil chemical reaction (K) 2.97 (2.71 to 3.15);
nutrient matter (N) 2.69 (2.55 to 2.65); light (S) 2.39 (2.28 to 2.60) and temperature
(T) 2.84 (2.59 to0 3.07).

Table 3. Characteristics of beech and fir forest stands

GET Geological substratum Soil AIEITED Exposure | Inclination’
number (m)
1 Diabase - hornstone Eutric cambisol 1300 W 35
2 Gabbro-amphibolite Eutric ranker 1300 W-SW 20
3 Gabbro-amphibolite Distric 1280 W 45
cambisol
4 Quartz conglomerates and sandstone Luvisol 1140 N 20
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Table 4. Beech and fir forest ecological indices
Record Heat
number | coordinate

Stand A% K N S T

1 6 0.9 297 1 3.15 | 276 | 2.41 | 2.96
2 7 0.6 290 | 3.07 | 2.65 | 2.60 | 3.07
3 6 0.8 3.00 | 2.71 | 2.55 | 2.28 | 2.59
4 5 0.9 297 1295 | 283 | 225 | 2.73

Medicinal plants in beech and fir forests. The presence of 63 plant
species was identified in beech and fir forests, out of which 29, that is, 46% are
medicinal. Within the healing class one 4 species were identified, within the
healing class two 2 species, within the healing class three 11 species, within the
healing class four 6 species and within the healing class five 6 species. The
following species come under the healing class one: Vaccinium myrtillis L.,
Platanthera bifolia (L.) Rchb., Betula pendula Roth. and Crataegus monogyna
Jacq.; under the healing class two: Solidago virga-aurea L. and Veronica
officinalis  L.; under the healing class three: Potentila erecta (L.) Raucsh.,
Veratrum nigrum L., Glechoma hirsuta W.etK., Gentiana asclepiadea L., Abies
alba Mill., Fagus silvatica L., Polypodium vulgare L., Asperula odorata L.,
Populus tremula L., Evonymus europaeus L. and Ajuga reptans L. The species
that came under the healing class four are the following: Oxalis acetosella L.,
Angelica sylvestris L., Fragaria vesca L., Acer pseudoplatanus L., Corylus
avelanna L. and Sorbus aucuparia L., while the species under the healing class
five are: Anemone nemorosa L., Aegopodium podagraria L., Daphne laureola L.,
Paris quadrifolia L., Pinus silvestris L. and Lapsana communis L.

Fruit trees in beech and fir forests. The following fruit tree species were
identified: Vaccinium myrtillis, Crataegus monogyna, Fragaria vesca, Sorbus
aucuparia, Lonicera nigra, Rubus hirtus, Sorbus austriacus.

Melliferous species in beech and fir forests. Based on the conducted
analysis, 24 melliferous species were identified in the beech and fir forest, out of
which 8 woody, 6 shrub and 10 herbaceous. The mean melliferousness of the
community amounts to 2.66. The following woody species are represented:
Populus tremula L., Sorbus aucuparia L., Sorbus austriacus (Beck.) Hedl., Betula
pendula Roth., Abies alba Mill., Fagus silvatica L., Acer pseudoplatanus L. i
Pinus silvestris L. The following woody species are identified: Corylus avelanna
L., Rosa pendulina L., Crataegus monogyna Jacq., Evonymus europaeus L.,
Vaccinium myrtillis L. 1 Daphne laureola L.; the following herbaceous species are
identified: Anemone nemorosa L., Campanula persicifolia L., Stachys silvatica L.,
Solidago virga-aurea L., Gentiana asclepiadea L., Ajuga reptans L., Fragaria
vesca L., Angelica sylvestris L., Aegopodium podagraria L. and Anemone
ranunculoides L.

The highest number of melliferous plants blossom in May.

3.2 Beech and fir forest wood resources
The beech and fir forest was recorded on 464.09 hectares (Table 5). The

total volume is 161,015 m’. Trees with diameters lower than 30cm account for
51.5%.
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Table 5. Beech and fir forest wood resources

Surface Total Volume according to diameter classes Volume
area volume increment
<10 | 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80
(ha) (m*) ()
464.09 161015 245 | 35049 | 47595 | 43054 | 24054 | 7625 | 2639 344 3947

3.3 Ecological characteristics of pyramidal fir at Ogorijevac

Common fir (4bies alba M il1.) shows less variety in comparison to other
conifers. According to habitus, three groups of variety can be distinguished: (1)
pyramidal, pillar-shaped, conical (2) hanging or weeping (3) dwarfish. Until
present, the pyramidal variety has been found only in three areas in Europe, in form
of individual trees. A finding site of pyramidal fir is at the Ogorijevac locality, near
the village of Kladnica in the vicinity of Sjenica. The key characteristic is a
pyramidal habitus, created in a morphogenesis process during the course of
development and growth. The pyramidal habitus, which occurs within many
species of different systematic tree groups, is created in different ways. In
pyramidal fir, that habitus property originates from twig characteristics. A
comparative analysis of common and pyramidal fir twig and needle characteristics
points out to common and differential properties. On these grounds, the basis for
further studies of genetic, ontogenetic and physiological-ecological processes,
which lead to occurrence of different habitus, can be established.

A variety of pyramidal fir forms a mixed uneven-aged stand jointly with a
common fir and beech. Unlike other finding sites in Europe, in which individual
trees have been recorded, a total of 7 older specimen of this variety, of various age,
have been identified in this locality. Among numerous specimen of young growth,
there are those which will form a pyramidal habitus. Pyramidal firs crossbreed with
common fir. The majority of pyramidal and common fir offspring possess
characteristics of common fir. In one part of the offspring, a sharper angle of
branches in relation to stem growth, can be observed.

Pyramidal fir is a tree of first class and attains the same heights as common
fir. It is difficult to visually determine its age, due to numerous branches,
positioned under a very sharp angle in relation to a stem spindle, particularly near
the top, where branches almost cling to a stem. The habitus is narrow-pyramidal or
conical, with a very sharp top, similar to that of cypress. Branches are very thick
and, since the earliest youth, positioned under a very sharp angle in relation to stem
spindle (about 20-30°). Apart from whorls, they also occur in internodes. In
pyramidal fir, a disposal of lower branches also occurs in a dense forest canopy,
although dry branches remain on the stem for a long time.

The pyramidal fir’s top is without a distinct terminal shoot. In adult trees, it
is elongated and cylinder-shaped, with numerous lateral twigs stretched upwards
and nearly clinging to the central shoot. In youth, the top is particularly sharp, due
to a higher height increment.

Pyramidal fir has a very distinct vertical tendency. Its habitus bears
similarities to cypress and juniper, but also have common characteristics with
closer relatives, fir and spruce.
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Table 6. Morphological characteristics of common and pyramidal fir

Common fir Pyramidal fir
Habitus broad conical Habitus narrow pyramidal
Oval top Sharp top
Branching always horizontal Branching always upward, with a vertical tendency
Needles horizontally spread in two rows Needles pointed radially and upward, along the whole twig
Needle at cross-section flattened with a receding | Needle at cross-section elliptical with a convex central
central nerve nerve
Seed wings are wide and fan-shaped Seed wings are narrow and elongated
4. DISCUSSION

The adverse impact of climate changes on forest eco-systems will be
particularly apparent through occurrence of extreme atmospheric phenomena, such
as drought, storms, extremely high temperatures, intense erosion processes and
occurrence of plant diseases and pests. Serbia is territorially situated in a region
with the highest frequency of drought occurrence. An increase of vegetation period
is expected. The increase of mean air temperature will cause a shift of climatic and,
consequently, vegetation zones toward poles and in terms of altitude. A climate
change of 1°C will cause a vegetation shift toward north for 200-300 km, along
with a shift toward higher altitudes of 150-200 m. Global warming will cause
vegetation shift toward poles and higher altitudes, along with a change of
vegetation structure. A tree (forest) dieback will increase due to inadequate
ecological conditions of habitats and an increase of entomological and
phytopathological diseases. Climate change will cause changes in the growth rate
of certain species, hamper natural regeneration, owing to change of habitat
humidity. An increased occurrence of forest fires and atmospheric disasters is also
expected.

Climate changes will cause changes in natural eco-systems, not only in
terms of their dislocation, but in terms of their structure. A biological potential for
adaptation will be reduced and diversity limited. The most endangered are the
communities and species with limited adaptation potentials. The most serious
problem in adaptation of forest and shrub communities to climate changes is the
rate of the change. Changes in natural eco-systems can threaten preservation of
rural values. It is considered that application of adequate measures in forest eco-
system management can reduce ecological and social-economic effects of
deterioration of forests.

The expected effects of climate changes with respect to forest eco-systems,
forest communities and tree, shrub and ground flora species, are the following;

e shifting of boundaries of certain forest types with respect to geographic
latitude and altitude;

e different natural redistribution of forest type areas with respect to
geographic latitude and altitude;

e probably, considered in long term, 'losing the battle' on part of certain
communities and their 'giving up' the race and being driven out
(extinction);

e different composition of certain plant communities, followed by
disappearance of one and occurrence of other species in relation to their
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storey and social position;

e change of relation of certain tree species toward light;

e forest communities will be more exposed to various adverse impacts,
which are direct or indirect result of climate changes; It should be noted
that relict, rare and endangered forest communities and their basic,
distinctive tree types, bear a higher degree of risk from the expected
negative effects.

e The above mentioned effects, considered cumulatively, will be directly
reflected in the potential for preservation of biological diversity and
possibility for rational management of these resources.

The above-mentioned effects directly influence the possibility and intensity
of planning of sustainable forest management.

5. CONCLUSION

Given that a centuries-long destruction of plant resources in the area of
Pester Plain has endangered their condition, that also directly concerns a socio-
demographic status of population. The aim of these studies is to define the
condition of natural resources, determine priority activities aimed at prevention of
adverse impact and to determine measures for improvement of condition. By
attaining the aims of the study of sustainable use of Pester Plain plant resources,
the basis are created for: implementation of European standards and models and
preparation of methodology for recording of renewable plant resources; creation of
strategic framework for sustainable management of renewable resources, based on
principles of sustainable development and previous level of exploration of existing
natural resources; maintenance and increase of ecological, biological, climatic,
social-cultural and economic benefits derived from the use of plant resources;
protection of environmental, social and spiritual function and values of natural eco-
systems, attained by establishment, increase and adequate management of
protected areas and communities; preservation of forests in representative
ecological systems and areas; preservation and management of wild game;
preservation of genofund; measures aimed at providing support and ensuring
sustainable use of biological resources and preservation of bio-diversity; support
and improvement of national programmes for afforestation and re-cultivation of
degraded habitats, establishment and improvement of existing forests of various
uses, in order to reduce the pressure on existing forest eco-systems; basing the
concept of planning of permanent management of renewable plant resources on a
criterion — preservation of environment quality, which means that economic use of
renewable plant resources must not reduce numerous ecological functions, while
maintaining and enriching biodiversity of habitats; creation of conditions for
establishment of elements of sustainable agricultural production; preservation and
improvement of bio-diversity.

The collected data enable performance of a multi-layered comparative
analysis of space by GIS technology, along with determining the degree of
endangerment of natural resources. Foreseeing direct and indirect effects of
excessive use of resources has been facilitated.
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A number of interactively related sub-programme activities can be
formulated in several general programme tasks: environment protection, optimum
use of natural resources, strengthening of secondary activities, marketing analyses
and analyses of commercial offering of this area, strictly in line with preservation
of natural resources and environment protection (by application of principles of
sustainable development of renewable plant resources).
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Abstract: Level Il intensive monitoring of forest vitality represents a multi-
purpose research system. Forest ecosystems are highly complex entities characterized by
numerous different parameters subject to continuous variation due to constant and
mutually inseparable effects of both biotic and abiotic factors. Evaluation criteria applied
in intensive monitoring are compatible and defined in such a manner that, subsequent to
their recording and statistical processing, data obtained on the condition of forests are
easy to compare both analytically and logically, thus providing the basis for a variety of
comparative studies. Dedicated test plot for intensive monitoring of trans-boundary air
pollution impact on forest ecosystems in Serbia, a Level II test plot, was established in
Kopaonik in 2010, with ten panels — from 10 separate forestry research areas, grouped
according to the research subjects, which methodology is prescribed by ICP Forests
Manual. This paper presents the results of intensive monitoring of parameters under review
at Level 11 test plot Kopaonik in 2012.

Key words: Level II test plot Kopaonik, intensive monitoring, crown condition,
defoliation, deposition, litterfall.

INTENZIVNI MONITORING NA OGLEDNOM POLJU NIVO-a I
,KOPAONIK* U 2012.GODINI

Abstract: Intenzivni monitoring vitalnosti Suma Nivo-a II, predstavija
visenamenski sistem predmetnih istrazivanja. Sumski ekosistem, kao izuzetno slozen entitet,
odlikuju razliciti parametri podlozni konstatnim varijacijama usled neprestanog i
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neodvojivog delovanja abiotickih i biotickih cinilaca. Kriterijumi procene koje intenzivni
monitoring podrazumeva, usaglaseni su i tako odredeni da se dobijeni podaci o stanju
Suma, nakon unosa i statisticke obrade analiticki i logicki lako porede, dajuci osnovu za
razlicite komparativne studije. Namenska ogledna povrsina za intenzivni monitoring uticaja
prekogranicnog vazdusnog zagadenja na Sumske ekosisteme u Srbiji - bioindikacijska tacka
Nivo-a Il osnovana je u 2010. godini na Kopaoniku, sa deset radnih panela — iz 10
zasebnih strucnih oblasti Sumarstva, grupisanih prema predmetu istraZivanja, a
metodoloski propisanim Manual-om ICP-a za Sume. U radu su dati rezultati intenzivnog
monotoringa pracenih parametara u 2012.godini na BIT Nivo-a Il na Kopaoniku

Kljuéne reci: BIT Nivo II Kopaonik, intenzivni monitoring, stanje krosnji,
defolijacija, depozicija, lisni opad.

1. INTRODUCTION

Level II monitoring of forest vitality is a versatile system of comparative
research of many different forestry disciplines. Scientific research in forest
condition monitoring is characterized by a multi-disciplinary and studious
approach. Level II monitoring test stations have been installed all over the
European continent according to the uniform ICP Forests methodology in order to
enable continuous measurement and collection of data on condition of forests with
various specific environmental circumstances. Such forest biocenoses belong to
different taxonomic groups with a wide range of differences in species diversity
and extent of man’s impact in terms of intensifying their productive function; there
are also forests where explicit management mechanisms of habitat maintenance are
applied with strict protection and conservation regimes in effect. The objective of
such research approach is to enable analyses performed over several years to allow
observing patterns and drawing conclusions on the phenomenon of forest drying in
Europe as well as clearer defining the cause—effect system for all changes
monitored. Evaluation criteria applied in intensive monitoring are compatible and
defined in such a manner that, subsequent to their recording and statistical
processing, data obtained on the condition of forests are easy to compare both
analytically and logically, thus providing the basis for a variety of comparative
studies. By perceiving similarities and dissimilarities, assumptions on the primary
causes of the disturbed natural equilibrium in the forest biocenoses are rejected or
accepted, further progress of the changes is anticipated and further degradation of
forests as invaluable natural entities is prevented strategically, from the aspects of
multiple applied forestry disciplines.

By setting up test stations in Kopaonik National Park (2010), Fruska Gora
(2009) and Odzaci (2011), Serbia joined the European network of over 800 Level
II test plots.

2. MATERIALS AND METHODS
A Level II test plot, a dedicated test plot for intensive monitoring of trans-

boundary air pollution impact on forest ecosystems in Serbia, was established in
Kopaonik in 2010. The test plot is situated in the 74th division of the estate
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“Samokovska reka” in Kopaonik National Park, within pure spruce stand, Picea
abies (L.) H.Karst., which forms thick forest complexes in such altitude (1,720 m).

Level II sample plot covers an area of 0.5 ha (100 x50 m). Within its area
there are three subplots for customized sampling and a buffer zone. The trees are
marked with permanent bark markings, i.e. numbers from 1 to 195. Current status
situation plan' of the test plot is provided in Figure 1.
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Figure 1. Current status situation plan of the test plot area

Level II monitoring program comprised the following parameter groups:
crown condition, foliar analyses, soil chemistry, soil solution chemistry, growth
and yield, ground vegetation, atmospheric deposition, air quality, meteorology,
phenology and forest litterfall. Frequency of monitoring individual parameters is
shown in Table 1.

Table 1. Parameters, frequency and intensity of Level Il monitoring

Parameter type

Frequency of monitoring

Crown condition

At least annually

Foliar analyses

Every two years

Soil chemistry

Every ten years

Soil solution chemistry Continuously
Growth and yield Every five years
Ground vegetation Every five years
Atmospheric deposition Continuously
Air quality Continuously

! Current status situation plan was prepared at the Forestry Institute in Belgrade, in a digital form, according to the
field status and the blueprint of the basic layout of the test subplots drawn by the team of the Faculty of Forestry in
Belgrade in 2010.
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Parameter type Frequency of monitoring
Ozone injuries Annually
Meteorology Continuously
Phenology Several times a year
Forest litterfall Continuously

Assessment of the crown condition in Level II intensive monitoring
encompasses assessment of defoliation, injury detection, tree condition, crown
shade (damage), crown visibility, fructiferousness of the visible crown parts and
presence of the secondary sprouts. Out of the total number of spruce trees marked,
30 trees were selected within subplot 2 for the purpose of crown condition
monitoring.

Phenological observations included 15 selected spruce trees (Picea abies
L.). Phenophases were observed continuously, in succession, and the following
parameters were detected and monitored: budding, change in color of conifer
needles, significant indications of needle or crown damage, other injuries (broken
branches and trees and uprooted trees), secondary budding and blooming. The
aforesaid parameters were monitored in the trees located within the test plot,
starting from the first field visit.

For litterfall sampling 15 collector pads for collection of dead organic
remnants of forest trees (litterfall). The average collection surface area was 500
cm’ per pad and the total collection surface area amounted to 0.75 m’.

For wet deposition collection within the test plot, 15 collectors of
precipitation falling through the tree crowns (“throughfall”), 5 collectors of
deposition sliding down the tree trunks (“steamflow”) and 5 snow collectors
(“bulk™) were placed in appropriate positions.

Soil solution is sampled by means of gravitational lysimeters placed into
the front vertical wall of the existing pedological profiles at defined depths below
the organic layer horizon.

For meteorological monitoring performed in order to obtain information on
microclimatic conditions, data provided by Kopaonik automatic weather station of
the Hydrometeorological Service of Serbia, which is situated near the Level II test
plot on Mt. Kopaonik, were used. The location of the weather station ensured
representative meteorological data according to the ICP Forests Manual. The
following mandatory parameters were monitored: precipitation (PR), air
temperature (AT), relative air humidity (RH), wind speed (WS), wind direction
(WD) and solar radiation (SR).

At the end o 2011, the measuring instruments were checked and prepared
for the climatic conditions typical of long and severe winters at such altitudes.

In April 2012, the equipment was washed and sterilized and minimum
required repairs were performed. Phenological observations were conducted
continuously. Wet deposition collection and soil solution sampling were carried out
on a monthly basis. Upon each field visit, litterfall collectors were emptied.

3. RESULTS AND DISCUSSION

During 2012 parameters with continuous and an annual-basis frequency of
monitoring were monitored.
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3.1 Assessment of the Crown Condition — 2012 Intensive Monitoring

Crown condition assessment of the trees at the Level I test plot Kopaonik
was performed as at August 23, 2012. As in prior years, the assessment included 30
spruce trees selected for annual crown condition monitoring in subplot 2.

Table 2. XX2012. (PLT) Data on the subplot dedicated for crown condition
assessment, Level II, Kopaonik

Assessment . . Altitude Team Other
No. State code |Subplot no. date Latitude | Longitude code fidentification| findings
1 67 2 230812 |+43°17'30" [+20°48'50" 35 REIGO

Crown condition assessment focused on determining the degree of
defoliation, tree drying and removal, tree status, crown shade, crown visibility,
foliage transparency and other findings.

Injuries were also detected in selected trees. For each tree where
injury/damage was identified, location, symptom, cause and intensity of
injury/damage are stated.

Table 3. XX2012. (TRC) Crown condition parameters, Level Il Kopaonik

Sub- | Assessment Tree no. ) Drying - Tree Crown CTOWH o Foliage Other

No. |plotno. date Species| removal status shade | visibility | Defoliation | transparency | findings
1 2 230812 75 118 01 1 2 2 10 25 Ub.*

2 2 230812 76 118 01 1 1 2 10 20 Ub.*

3 2 230812 78 118 01 1 2 2 10 25 Ub.*

4 2 230812 79 118 01 1 1 2 15 25 Ub.*

5 2 230812 80 118 01 1 1 2 20 25 U.b.*

6 2 230812 85 118 01 1 2 2 15 25 Ub.*

7 2 230812 86 118 01 1 3 3 15 30 Ub.*

8 2 230812 87 118 01 3 3 3 30 70 Ub.*

9 2 230812 88 118 38 5 6 2 100 99 Ub.*

10 2 230812 91 118 41 Felled
11 2 230812 92 118 01 2 3 3 30 60 Ub.*
12 2 230812 93 118 01 1 3 3 30 60 Ub.*
13 2 230812 94 118 01 3 3 3 50 80 Ub.*
14 2 230812 95 118 01 2 3 3 20 30 Ub.*
15 2 230812 96 118 01 1 4 4 20 30 Ub.*
16 2 230812 97 118 01 1 3 3 20 50 Ub.*
17 2 230812 98 118 01 1 3 3 20 80 Ub.*
18 2 230812 113 118 01 1 2 2 25 60 Ub.*
19 2 230812 114 118 01 1 4 3 25 80 Ub.*
20 2 230812 115 118 01 1 3 3 30 50 Ub.*
21 2 230812 117 118 01 1 4 3 25 50 Ub.*
22 2 230812 118 118 01 1 3 2 20 65 Ub.*
23 2 230812 119 118 01 3 3 3 95 90 Ub.*
24 2 230812 120 118 01 1 1 2 30 40 Ub.*
25 2 230812 121 118 01 1 3 3 15 20 Ub.*
26 2 230812 124 118 01 1 2 2 25 60 Ub.*
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Sub- | Assessment Drying - Crown | Crown Foliage Other

No. |plot no. date Tree no. Species| removal s—gte:s shade | visibility | Defoliation | transparency | findings
27 2 230812 125 118 38 5 3 3 100 99 Ub.*
28 2 230812 126 118 01 1 2 2 15 40 U.b.*
29 2 230812 77 118 01 1 3 2 15 30 Ub.*
30 2 230812 123 118 01 1 1 1 15 20 Ub.*

*Usnea barbata

Tables 3 and 4 present crown condition parameters and injury/damage
parameters at the Level II test plot Kopaonik.

Table 4. XX2012. (TRD) Injury/Damage parameters, Level Il Kopaonik

Sub- [Assessment| Tree | Injured Symptom |Crown|. . Time of Cause Injury/ Other
No. [plotno.| date no. |tree part Symptomdesignation part lnjlrlry/déi'mage Cause description Damage findings
inception intensity

1 2 230812 | 75 00 Ub.*
2 2 230812 | 76 00 Ub.*
3 2 230812 | 78 11 02 38 3 3 301 |[CHRYABI 1 Ub.*
4 2 230812 | 79 11 02 38 3 2 301 |CHRYABI 2 Ub.*
5 2 230812 | 80 11 02 38 3 3 301 |CHRYABI 2 Ub.*
6 2 230812 | 85 11 02 38 3 2 301 |CHRYABI 2 Ub.*
7 2 230812 | 86 13 02 38 3 999 1 Ub.*
8 2 230812 | 87 31 10 65 3 220 |IPSTYPO 3 Ub.*
9 2 230812 | 88 04 10 65 3 220 |IPSTYPO 7 Ub.*
10 2 230812 | 91 04 22 1 400 7

11 2 230812 | 92 33 17 58 2 500 2 Ub.*
12 2 230812 | 93 33 17 58 3 500 1 Ub.*
13 2 230812 | 94 33 17 58 3 500 3 Ub.*
14 2 230812 | 95 11 02 38 3 2 301 |[CHRYABI 1 Ub.*
15 2 230812 | 96 00 Ub.*
16 2 230812 | 97 00 Ub.*
17 2 230812 | 98 32 17 60 3 999 1 Ub.*
18 2 230812 | 113 00 Ub.*
19 2 230812 | 114 11 02 38 3 3 301 |[CHRYABI 1 Ub.*
20 2 230812 | 115 00 Ub.*
21 2 230812 | 117 00 Ub.*
22 2 230812 | 118 00 Ub.*
23 2 230812 | 119 34 11 57 3 304 [TRAMSPP 6 Ub.*
24 2 230812 | 120 11 02 38 3 3 301 |[CHRYABI 1 Ub.*
25 2 230812 | 121 11 02 38 3 3 301 |[CHRYABI 1 Ub.*
26 2 230812 | 124 24 13 2 2 999 2 Ub.*
27 2 230812 | 125 04 10 65 3 220 |IPSTYPO 7 Ub.*
28 2 230812 | 126 00 Ub.*
29 2 230812 | 77 00 Ub.*
30 2 230812 | 123 00 Ub.*

*Usnea barbata

As compared to the previous two years, the number of trees not subject to
defoliation has increased, as well as the percentage of trees with weak defoliation,
whereas the percentage of trees with moderate defoliation has declined. The
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percentage of trees with strong defoliation has remained almost the same as in the
previous years.
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Graph 1. Comparative presentation of defoliation in the period from 10/10-10/12

3.2 Phenological Observations in 2012

pollen clouds carried by the wind.

— Level I, Kopaonik

At Level II test plot 15 spruce trees (Picea abies L.) were selected for
phenological observations (Table 5).
The vegetation of the dominant species commenced rather late. Observed
from different expositions of the evaluated trees, budding started in the third week
of June 2012, whereafter slightly opened male and female reproductive organs
were identified, which in conifer trees are called “blossoms.” Pollination lasted
until mid-July, which is easily perceived in mature spruce trees in the form of

Table 5. XX 2012. (PLP) Registration of trees selected for intensive phonological

monitoring
Sub-plot | Species Placement Tree Visible Surveillance | Surveillance Other
No. R I, .
no. code date no. crown part direction position findings
1 2 118 210612 75 3 4 1 Ub.*
2 2 118 210612 76 3 4 1 Ub.*
3 2 118 210612 78 3 4 1 Ub.*
4 2 118 210612 79 3 4 1 Ub.*
5 2 118 210612 80 3 4 1 U.b.*
6 2 118 210612 85 3 4 1 Ub.*
7 2 118 210612 86 3 4 1 U.b.*
8 2 118 210612 87 3 5 1 Ub.*
9 2 118 210612 88 2 6 1 Ub.*
10 2 118 210612 98 3 4 1 Ub.*
11 2 118 210612 114 2 6 1 Ub.*
12 2 118 210612 118 2 4 1 U.b.*
13 2 118 210612 120 1 7 1 Ub.*
14 2 118 210612 121 1 5 1 Ub.*
15 2 118 210612 124 2 8 1 Ub.*

*Usnea barbata
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Table 6. XX 2012. (PHE) Phenological phenomena monitoring (spring aspect)

No. Sub-plot Species Event Observation E_vent Other findings
no. code date registered
1 2 118 3 210612 1 Usnea barbata
2 2 118 3 210612 1 Usnea barbata
3 2 118 3 210612 7 Usnea barbata
4 2 118 2 210612 7 Usnea barbata
5 2 118 2 210612 7 Usnea barbata
6 2 118 2 210612 7 Usnea barbata
7 2 118 2 210612 7 Usnea barbata
8 2 118 5 210612 7 Usnea barbata
9 2 118 5 210612 7 Usnea barbata
10 2 118 5 210612 7 Usnea barbata
11 2 118 2 210612 7 Usnea barbata
12 2 118 3 210612 7 Usnea barbata
13 2 118 2 210612 7 Usnea barbata
14 2 118 4 210612 1 Usnea barbata
15 2 118 4 210612 1 Usnea barbata

Table 7. XX 2012. (PHE) Phenological phenomena monitoring (autmn aspect)

No. Sub-plot Species Event Observation E.Vent Other findings
no. code date registered

1 2 118 3 101012 1 Usnea barbata

2 2 118 3 101012 1 Usnea barbata

3 2 118 3 101012 7 Usnea barbata

4 2 118 2 101012 7 Usnea barbata

5 2 118 2 101012 7 Usnea barbata

6 2 118 2 101012 7 Usnea barbata

7 2 118 2 101012 7 Usnea barbata

8 2 118 5 101012 7 Usnea barbata

9 2 118 5 101012 7 Usnea barbata

10 2 118 5 101012 7 Usnea barbata

11 2 118 2 101012 7 Usnea barbata

12 2 118 3 101012 7 Usnea barbata

13 2 118 2 101012 7 Usnea barbata

14 2 118 4 101012 1 Usnea barbata

15 2 118 4 101012 1 Usnea barbata

Table 8. XX 2012 (PHI) Phenological phenomena recordin
No Sub-plot Tree no Event Observation Event Surveillance Other
’ no. ’ date registered method applied findings

1 2 75 3 210612 6 3 Usnea barbata
2 2 76 3 210612 6 3 Usnea barbata
3 2 78 3 210612 6 3 Usnea barbata
4 2 79 2 210612 6 3 Usnea barbata
5 2 80 2 210612 7 3 Usnea barbata
6 2 85 2 210612 6 3 Usnea barbata
7 2 86 2 210612 6 3 Usnea barbata
8 2 87 5 210612 7 3 Usnea barbata
9 2 88 5 210612 7 3 Usnea barbata
10 2 98 5 210612 6 3 Usnea barbata
11 2 114 2 210612 7 3 Usnea barbata
12 2 118 3 210612 6 3 Usnea barbata
13 2 120 2 210612 6 3 Usnea barbata
14 2 121 4 210612 6 3 Usnea barbata
15 2 124 4 210612 6 3 Usnea barbata
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3.3 Litterfall Sampling and Analysis in 2012

In 2012, 1545.33 kg/ha of litterfall ended up on the land surface of the
forest ecosystem represented by the test plot. The litterfall was in the form of
absolutely dry dead organic remnants produced by forest trees (assimilation organs
of spruce and rowan trees, twigs, bark, blossoms, fruits etc.). The examined forest
ecosystem deposited via litterfall to the land surface 77.48 kg of ashes and 1467.85
kg of combustible organic matter.

The most present of all nutrition macroelements in the litterfall collected
was carbon, which comprised 47.23% of the litterfall. The total carbon inflow to
the land via litterfall in the examined ecosystem amounted to 729.91 kg/ha.

Second most present nutrition element in the litterfall was nitrogen. A
gram of litterfall contains 11.13 mg of the total nitrogen. This means that 17.19 kg
of the total amount of nitrogen reaches the land vial litterfall.

Table 9. XX2012 (LFP) Basic data on litterfall sampling

Sub- Total Sample collection
No. State plot | Latitude Longitude | Altitude No. of collection period Other
code collectors findings
no. area
from to
1 67 02 [+43°17'30"|+20° 48' 50"| 1712/35 15 0.75 21.05.12 | 19.10.12
Table 10. XX2012 (LFM) Results of litterfall analysis
(o] (=3
. N P E = )
] . . g =] < s _|== a5l -~ _ ~ 5 _ E:
5|z Collection period 5 § ;_0: éﬁ = g, § _ § %g %ﬁ ED ? %ﬁ i
zZ| = Bl 2| =| ¢2|s8%| | E| E| S| S| &%
2 Sl 25| i z% ol Z | =~ || = || 2
from to @ @ & s3 )
1 2 |21.05.12|19.10.12| -9 | 118 | 11 |0.1545| 3.782 [47.233(11.127) 0.582 |8.857(2.526|3.009

3.4. Deposition Collection and Analysis

At Level II test plots special attention is paid to wet deposition, whereby
the most relevant is examination of the chemistry of the deposit in the immediate
contact with plant organs where pollutants from the air remain (ICP Forests,
2010c).

In 2012 there were eight periods of collecting samples from collectors. 5
joint samples were collected from the “throughfall collectors, 6 joint samples from
“steamflow* collectors and 4 joint samples from “bulk” collectors. The results of
the chemistry analyses of the samples are provided in Tables XX2012.PLD and
XX2012.DEM.
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Figure 2. “Th

rua “ oector

Figure 3. “Steamflow“ collector

Table 11. XX2012(PLD) General data on the test plot for atmospheric deposition

2 - e
. — b= — g o 8
s | g 3 A 4 5|l 3| S| &8 |8 g
g 32 © o B | Active collection = 2 = = 2 2
. © 2 o =t B = period 8 E Et o S| B
o = | & & £ By 9 3 5 | 2 g | 2| &
z 7 2 3 = g = 2 51 5 15} ° I
o = — S = ) 2 8 51 o} 2
R G = S|l B | 2 = | g] 38
e | © s | o| 3| 3 |E
sl 1% 7|7
from to
01 67 |02 | 1 |+43°1730" [20%8'50" | 35 [290212 [230812] 05 | 1 [1.00 [0.002 |15
02 67 |02 | 2 [+43°1730" R20%8'50" | 35 [231211 [190412] 04 | 1 [1.00 [0.002 | 5
03 67 |02 | 4 [+43°1730" [20%8'50" | 35 [290212 230812] 06 | 1 [1.10 [0.002 | 5
Table 12. XX2012(DEM) Laboratory analysis data for atmospheric deposition
= . Q >
_TE- Clc))llic)t‘;sn g E £ =) = = = g xe =l g5 g= 2 ;.ng
- £ £ B Z4 5
ZiE Bl 2l B|E| 2g| B S 22 22 2 0822 %8 5] 55
3 G 24 TE|TE|CETEZE TEZE 62 E
&1 from to iz ©
01|02 [231211[180112] 01 |02 | 1 [4.92| 168 [ 0.176 | 5.143 | 0320 | 0246 | 12 | 4.004 | 4.422 [14.547[4.64
0202 [180112]290212] 02 [ 02 | 1 [5.51| 323 | 0.340 | 2.455 | 0.585 | 9.980 | 1.906 | 1.502 | 2.260 |21.715]3.48
03 | 02 [290212]150312] 03 [ 02 | 1 |[5.39| 21.5 | 0.548 | 3.452 | 0.694 | 4.896 | 1.44 | 3254 | 4261 |12.228[3.48
04| 02 [290212[150312] 03 [ 01 | 1 |6.31| 342 | 1.459 | 2.365 | 0.743 | 0.764 | 1.454 | 5.756 | 2.421 | 16.866| 4.64
05 | 02 [290212]150312[ 03 [ 04 | 1 [3.98| 1985 [ 2.478 | 4.784 | 1.785 | 1.387 | 11.112] 8.009 | 2311 |28.462[3.48
06| 02 [ 150312190412 04 [ 01 | 1 |5.02| 556 | 1.065 | 3.086 | 0.655 | 0.962 | 1.948 | 5.756 | 3.489 |18.131|4.06
07 02 [150312]190412[ 04 [ 02 | 1 [4.81| 27.8 [ 0.298 | 4.763 | 0.629 | 0.954 | 0.367 | 5.006 | 4.142 [21.715]2.90
08 | 02 [150312]190412] 04 [ 04 | 1 [3.71| 351 | 2.126 | 4235 | 2.478 | 1.784 | 9.531 |33.036] 5.151 |43.009|1.74
09 02 [190412]210512] 05 [ 01 | 1 [5.78| 21.7 | 1.147 | 1.220 | 0.383 | 0.670 | 0.191 | 4.004 | 7.761 |30.781]4.64
10| 02 [190412[210512] 05 |04 | 1 |4.17] 1236 | 2.315 | 3.438 | 1233 | 16.19 | 3.692 | 8.009 | 11.134]29.938|1.74
11] 02 [210512[210612] 06 | 01 | 1 | 63 | 31.1 | 3.876 | 8.953 | 0.974 | 1.268 | 0.777 | 4.505 | 6.040 |25.089|4.06
12] 02 [210512]210612] 06 | 04 | 1 | 48 | 483 | 4.037 | 6.935 | 2365 | 3.872 | 1.793 | 5.256 | 4.684 [22.137|4.64
13] 02 210612190712 07 [04 | 1 | 5.9 [ 1004 [ 4.764 | 7.002 | 1.342 | 2242 | 2.873 | 7.008 | 3.413 [32257] 5.81
14] 02 [ 190712 [230812] 08 [ 01 | 1 [531] 41.1 [2.807 [ 3280 | 1.975 | 2.188 | 0.777 | 7.008 | 2.727 | 50.388] 4.06
15[ 02 [ 190712230812 08 [ 04 | 1 [4.54] 109.4 | 4984 [ 2785 | 2.102 | 3.025 | 7.427 | 9.010 | 4.922 [42.587]6.97
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3.5. Soil Solution Sampling and Analysis

Tables 13. XX2012 (PSS) and 12. XX2014 (SSM) present the basic data

on the soil solution measurements and chemical analyses of the collected samples
of the soil solution.

Table 13. XX2012(PSS) basic data on the soil solution measurement

] .§ o o = 5 = Q Q g on "
s BB 8 £ | 2 |Es| 2 |Sc|55 5|55 |52
z 8 o= ) E 2 |25 S5 | Ez| 25| s | £5
z 2 -] =] o = = =z e S5 £z &8 S = 5%
g | g ki g < S |8 § | 8° | 82| & “ s &
& S 3 3] o ) ) g
01 67 2 [r43°173071+20°48'50 1712/35| 1 2 H | -030 |271011]230812| 03
Table 14. XX2012 (S§SM) Data on the soil solution
S = > »
‘; 2 E £l s z T ~ ~ N S N ) ol e o -.%D
o 3 2 =] = fe = = ol =S = = =
s | & =3 BlEB|E| S8 || Sn|dn|lzn|uvw| 58| s2|Zz2|02| &
212l 8% |5|=z|%|ge| E|TE|FE|ZE|SE|22|"E|ZE|VE|S
- ¥ &) o - =
3 © S
= from to
01 | 02 271011 [210512] 01 | 00 | 4.8 | 341 |5.984 [10.654| 3.243 |30.032]|30.781| 2.32 | 5.438 |10.392|14.015
02 | 02 210512 [190712{ 02 | 00 | 6.92 | 122.5 | 6.953 {12.558| 2.428 |24.404|24.245| 2.90 |11.190| 2.231 | 5.006
03 | 02 [190712(230812] 03 | 00 | 6.21 | 88.0 |9.876 | 9.475 | 3.254 [15.618|28.673| 4.06 | 5.945 | 2.019 [10.011

3.6. Meteorological Monitoring

According to the data obtained from the weather station Kopaonik of the
Hydrometeorological Service of Serbia, mean monthly air temperatures exhibit
regular annual patterns, with values on the rise from January to July and on decline
toward the year-end. The coldest month in the period under review was February,
with the mean monthly air temperature of -6.9°C, while the warmest month was
July, when the mean monthly air temperature was 17.0°C.

Mean monthly precipitation quantities ranged from 0.2 mm in August to
138.9 mm in January.

Mean monthly relative air humidity was the lowest in August and the

highest in January.

Mean monthly wind speed in the analyzed period ranged from 2.6 to 4.3
-

ms .
Table 15. Meteorological data for 2012 from weather station Kopaonik
Month PR AT AT min | AT max RH RHmin | RH max WS SR
mm °C °C °C % % % m/s W.h/sq.m
1 138.9 -6.5 9.5 3.5 95 90 99 3.6 468
1 86.9 6.9 -10.0 3.4 93 85 98 4.3 604
11l 47.6 -0.4 -4.4 4.5 76 54 91 3.0 1452
v 111.3 3.6 -0.4 8.0 85 67 96 4.2 1592
v 113.5 7.5 34 11.9 88 71 99 29 1436
VI 478 14.6 8.9 19.7 72 49 93 3.0 2600
VI 16.5 17.0 11.2 22.6 69 48 91 2.8 2397
VIII 0.2 16.3 10.5 222 55 37 78 2.6 2305
IX 225 13.2 8.2 18.4 66 48 85 32 1750
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Data obtained through research at Level II test plot Kopaonik were entered
into the ICP on-line database in Hamburg.

4. CONCLUSION

As in the previous two years, parameters with continuous and an annual-
basis frequency of monitoring were reviewed.

Crown assessment of the trees within Level II test plot Kopaonik was
performed as at August 23, 2012.

As compared to the previous two years, the number of trees not subject to
defoliation has increased, as well as the percentage of trees with weak defoliation,
whereas the percentage of trees with moderate defoliation has declined. The
percentage of trees with strong defoliation has remained almost the same as in the
previous years.

The vegetation of the dominant species commenced rather late. Observed
from different expositions of the evaluated trees, budding started in the third week
of June 2012. Pollination lasted until mid-July.

In 2012, 1545.33 kg/ha of litterfall ended up on the land surface of the
forest ecosystem represented by the test plot. The litterfall was in the form of
absolutely dry dead organic remnants produced by forest trees. The examined
forest ecosystem deposited via litterfall to the land surface 77.48 kg of ashes and
1467.85 kg of combustible organic matter. The most present of all nutrition
macroelements in the litterfall collected was carbon, which comprised 47.23% of
the litterfall. Second most present nutrition element in the litterfall was nitrogen. A
gram of litterfall contains 11.13 mg of the total nitrogen. This means that 17.19 kg
of the total amount of nitrogen reaches the land vial litterfall.

In 2012 there were eight periods of collecting wet deposition samples from
collectors and three periods of soil solution sampling.

The coldest month in the period under review was February with the mean
monthly air temperature of -6.9°C, while the warmest month was July, when the
mean monthly air temperature was 17.0°C. Mean monthly precipitation quantities
ranged from 0.2 mm in August to 138.9 mm in January.
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1. INTRODUCTION

“Terrain parent rock has certain impact on the development of erosion
processes. Although it is known that under different climatic conditions on the
same parent rock different types of pedological soil layer may be formed, it has
been established that velocity and form of erosion processes on soil are
predetermined by the parent rock properties to a significant extent. Parent rock
affects soil formation and thus its resistance to erosion as well” (Kostadinov, S.,
1996).

2. AREA UNDER RESEARCH AND METHODS

The area of Gredelica Gorge and Vranje Valley received its name based on
the 1954 Law on Protection from Erosion and Torrent Control and it has been
studied as a whole ever since.

The area boundaries defined by the aforesaid Law substantively deviate
from the natural gorge and valley borders. They encompass portion of the Juzna
Morava River drainage basin of the area of 173,260.6 hectares, from Grdelica in
the north to above the confluence of the Binacka Morava, not far from Bujanovac
in the south. The region is situated between 42°22' and 42°55' of north latitude and
between 19°21' and 20°0" of east longitude. It is elongated, stretching in the
direction from south-wet to north-east. The area under research is situated in the
altitude zone between from 252 to 1,923 meters and features a highly developed
hydrographic network.

A digital geologic map was prepared with a 1:100 000 scale ratio and parts
of sheets Leskovac, Vlasotince, Trgoviste sa Radomirom and Vranje, which belong
to the area. The present parent rock types were grouped into igneous, sedimentary
and metamorphic rocks.

Parent rock types present were further classified based on the extent of
erodibility and percentage shares of very hard, relatively hard, relatively erodible
and very erodible rocks (Petrkovi¢, S., 1995).

3. RESULTS

Metamorphic rocks. Present crystalline shales, micashists, gniesses,
orthogneisses, chloritoshists, quartz shales, amphibolites and amphibolte shales,
serpentinites and graphite shales cover 718.85 km® or 41.06 % of the total area of
the region (Table 1).

Crystalline shales are predominant in this area. The north portion of the
terrain, up to the Ravnorecka River and Vrla is mostly formed of crystalline shales.
Farther to the south, crystalline shales form terrains on the left bank of the Morava
River from Plackovica, and penetrate the granite massif of Vrinika. On the right
bank of the Morava, crystalline shales stretch from Masuricko Polje to the
sedimentary basins of Bustranja and Marganaca in the south and further on toward
Péinja. Crystalline shales of the lower crystallinity, the so-called “green shales,”
which are found downstream from Vladi¢in Han on the right bank of the Juzna
Morava River caused remarkable erodibility of this portion of the region. Similar

66



are philites and sericite shales, stretching along the western rim of the area.

Table 1. Metamorphic rocks

Map F
Bedrock designation | km® %

Feldsparlzed and granltlzgd s.hales St 442 026
genetically related to granitoids
Chlorite-sericite shales Scose 2.82| 0.16
Chlorite-muscovite shales Scom 35.94| 2.07
Amphibolic shales A 3.40] 0.19
Quartzites Q 1.53] 0.09
Small-grain biotite and biotite-muscovite gneisses Gb 180.81[10.44
Chlorite-epidote shales Scoep 15.16] 0.88
Leptinolites and micashists Sm 151.38| 8.74
Muscovite-chlorite shales Smco 65.93] 3.81
Albite-chlorite-muscovite shales Sabco 178.86(10.32
Migmatites: diffusely migmatized shales Mi 8.18| 0.47
Muscovite-chlorite shales Sco 24.40| 1.41
Albite gneiss with chlorite Gab 35.03] 2.02
Leucogneisses Gf 1.90] 0.11
Sericite-graphite and sericite-chlorite shales Osse 1.61] 0.09

Total |711.40[41.06

Igneous rocks are also present in the region under research and cover
26.4% of the area. They are represented by granitoid dacite-andesite rocks and their
tuffs. Granitoid rocks comprise granites, granodiorites, quartz monconites, etc.
(Table 2). The areas of granitoid rock prevalence is to the south and south-east of
Surdulica. This igneous massif stretches from Cemernik in the north to Baj¢ina
Cuka and Gizdavac in the south.

Table 2. Igneous rocks
Map F
Bedrock designation km® %

Granitoids of Surdulica ) 204.45 | 11.80
Leucogranites, granitoids (Bujanovac pluton) G" 87.45 5.05
Tuffs 0 2.10 0.12
Granitoids of Kukavica and Slatinska River Y 0.94 0.05
Small-grain granitoids of Kukavica G 3.17 0.18
Sma!l—grain gram:toids of Kukavica with quantitatively inferior G/G 3.96 023
granitoids of Vlajna
Sma!l-gram gran{tmds of Kukavica with quantitatively superior G/G 13.01 075
granitoids of Vlajna
Tuffs, breccias and rarely tuffs of quartz-latite-dacite composition woq 18.44 1.06
Hybrid rocks of gabbroid and amphibolite composition Miv 4.09 0.24
Granitoids of Bozica G 23.26 1.34
Quartz latites oq 17.63 1.02
Biotite dacite agb 3.00 0.17
Pyroclasts: agglomerates, breccias and tuffs 'E, 5.57 0.32
Dacites Xa 70.28 | 4.06

Total | 457.34 | 26.40

Sedimentary rocks of different ages cover 32.5% of the area (Table 3).
They are comprised of conglomerates, sandstones, claystones, marlstones,
bituminous shales, connected or disconnected lake sediments, gravel, sand, clay,
alluvial and delluvial deposits, etc.

In studies and analyses of the terrain geologic composition and water flow
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deposits, physical and mechanical properties of rocks as sources of deposits are of
great importance. Relevant factor of rock erodibility is also the extent of rock
fracture; hence even very hard rocks may have low rigidity if tectonically
damaged. In the instances of physical rock degradation superiority over chemical
degradation, large-grain gravel and sand deposits are formed; if vice-versa, small-
grain clay deposits and lesion rocks are created.

Table 3. Sedimentary rocks

Ma F
Bedrock design'ftion km® %

Classic base of the series: conglomerates, colored and red sandstones '0l, M 23.62 1.36
Conglomerates and sandstones with coal lenses in the upper part 21 K 23 6.52| 0.38
Mid-part of the series: limestone’s with charts, sandstones and marlstones ‘0L M 5.71] 033
Small-grain sandstones, claystones and marlstones 22 K 23 7.89| 0.46
Volcanogenic-sedimentary horizon: conglomerates, sandstones and tuffs °E; 3.62] 0.21
Sandy claystones and marlstones M, 8.98] 0.52
Uppermost part of the series: bituminous claystones, sandstones and marlstones 0L, M 398 0.23
Shallow-water chastises: conglomerates, sandstones and claystones °E; 19.26] 1.11
Marlstones ‘E; 14.95] 0.86
Sub water sliding horizon: marlstones, claystones and sandstones °E; 93.46] 5.39
Turbidity horizon: marlstones, aerolite’s and sandstones °E, 0.92| 0.05
Alluvium al 102.62| 5.92
Diluvium d 5.37] 031
Prolluvium — face of the delta pr 0.72] 0.04
Fluvial terrace t 12.03]  0.69
Lowest terrace t 9.74| 0.56
Mid-terrace ty 8.99 0.52
Highest terrace t3 2.17 0.13
Prolluvium — face of the subaerial delta sediment prQ, 55.80| 3.22
Marginal face: conglomerates and breccias E; 3.62] 0.21
Sedimentary-volcanogenic unit: conglomerates, sandstones, greywacke, M, 1355 078
marlstones and tuffs
Loose sandstones and conglomerates M,pl 70.94]  4.09
Pellet marlstone limestones K3 7.13] 041
Conglomerates, gravels, sandstones, sands, clays ™, 0.73 0.04
Sands, clays, marlstones, bentonite clays, lignite pl 40.38] 2.33
Colored sandstones, conglomerates and sandy marlstones M, 12.29] 0.71
Grus horizon: conglomerates, sandstones and claystones SE, 22.06] 1.27
Mixed horizon of shallow-water clastites and limestones HE, 3.64| 0.21
Marlstones and marlstone limestones (santonite) 23 K 23 0.89| 0.05
Neogene of Vranje Valley N 229 0.12

Total | 563.87| 32.54

3.1 Rock erodibility in the area under research

Due to complex geologic composition and varying conditions for deposit
production, the rocks were classified according to the degree of erodibility, which
was determined based on the geologic morphology, structure and physical and
chemical parameters of the rocks. According to their resistance to erosion
devastation of the geologic formations within the drainage basin area, 4 categories
were identified (Figure 2):

Very hard rocks. Granites; Granitoids (Bujanovac — Vranje); Andesites
(to the left of the JuZzna Morava River); Dacites (to the left of the Juzna Morava
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River) cover 24.81% of the total area of the region.
Deposit: rock blocks, gavel, grus of igneous and limestone origin.

LEGEND

Sedimentary rocks
B |gneous rocks
Metamorphic rocks

Y,
,---h'l

Okm , 5 10 15km

Figure 1. Presence of sedimentary, igneous and metamorphic rocks

Relatively hard rocks. Gneiss (crystalline shales of higher crystallinity
present to the left of the Juzna Morava River; sources); Granites metamorphed;
Diabase philites in the Vlasina basin; Limestones with sandstones and shales.

Deposit: large-grain gravel, medium-grain deposits, grus, sands, small
quantities of small-grain deposits.

Relatively erodible rocks. Sericite-chlorite shales (crystalline shales of
lower crystallinity present at Vlasina Complex, to the east of the Juzna Morava
River); perm red sandstones; Micashists (to the right of the Juzna Morava River);
Volcanic tuffs accompanying andesites and dacites.

Deposit: leafy large and medium-grain gravel, cobbles, sand, some clay.

Very erodible rocks. Lake sediment of neogene age — in Leskovac and
Vranje-Bujanovac basins; conglomerates, sandstones, marlstones; Fluvial terrace
deposits: gravels, sands, clays along the lower course of the Juzna Morava River
and its widened valleys; Contemporary deposits: elluvium, delluvium, alluvium
and prolluvium in the drainage basin of the Juzna Morava and its tributaries,
comprised of gravel-sand and clay sediments, with larger gravel contained in both
elluvium and delluvium.

69



Deposit: gravel, sand, clay, with sand-clay deposit prevailing.

LEGEND

I Very hard rocks
Relatively hard rocks
Relatively erodible rocks

| Very erodible rocks

Figure 2. Map of rock erodibility in the area under research

For deposit formation within the investigated region, tectonic versatility of
the terrain is significant as well, which is a distinctive property of the entire region
and results in a number of fractures, which, in turn, intensify rock degradation
process even when very hard rocks such as igneous rocks are at issue.

4. DISCUSSION AND CONCLUSION

Very hard rocks cover 24.81%, relatively hard rocks account for 13.78 %,
relatively erodible rocks 29.18% and very erodible rocks 32.23% of the total area.

In the territory of Grdelica Gorge and Vranje Valley, areas potentially
threatened by erosion cover over 60%, i.e. they are superior to the stable areas.

According to the values of the average erosion index Zg = 0.78, in the
period reviewed (1953), the area subject to research was jeopardized by the strong
surface erosion processes (Braunovi¢ et al, 2010). Excessive erosion affected 28 %
of the region (drainage basins of the Jastrebacka, Letoviska, Sejanicka, Radovska,
Palojska, Lic¢indolska, Predejanska, Dzepska, Jovacka, Korbevacka and Banjska
rivers and numerous torrential streams: Krpejski Stream, Mlakacka Valley, Zla
Valley, Repinska and Kalimanska rivers, Ljestarska Valley etc.). In respect of the
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parent rock, the aforestated drainage basins mostly lie on the crystalline shales
(Braunovi¢, Ratkni¢. 2010/a, 2012), which is, together with the other factors
(relief, climate, vegetation, deforestation, etc.) contributing to the intensive
development of erosion processes.

Acknowledgement

The research is financed by the Ministry of Science and Technological
Development of the Republic of Serbia, Project TR 31070 "The development of
technological procedures in forestry with a view to an optimum forest cover
realisation" (2011-2014).

REFERENCES

Braunovi¢, S., Ratkni¢, M., Rakonjac, Lj. (2010): The Site Characteristics of the Grdelicka
Gorge and Vranjska Basin Areas. International Scientific Conference "Forest Ecosystems
and Climate Changes". Institute of forestry, Belgrade Proceedings pp. 91-96

Braunovi¢, S., Ratkni¢, M. (2010/a): The Condition of Erosion and Effects of the Erosion
Control Activities Performed in the Krpejski Potok Drainage Basin. International Scientific
Conference "Forest Ecosystems and Climate Changes". Institute of forestry, Belgrade
Proceedings pp. 251-256

Braunovi¢, S., Ratkni¢, M. (2012): The Change of Land Use - Impact on the Distribution
and Intensity of Water FErosion in the Drainage Basin. BALWOIS 2012.
http://ocs.balwois.com/index.php?conference=BALWOIS &schedConf=BW2012&page=sc
hedConf&op=presentations, Paper No 495

Kostadinov, S. (1996): Buji¢ni tokovi i erozija. Beograd, Sumarski fakultet

Osnovna geoloska karta Srbije 1:100,000. Tumaci za listove Viasotince, Leskovac,
Trgoviste sa Radomirom (1973) i Vranje (1977). Savezni geoloski zavod Beograd.

Petkovi¢, S. (1995): Geneza i transport nanosa u slivu Juzne Morave i uslovi njegovog
koriséenja. Sumarski fakultet Univerziteta u Beogradu, Beograd

IMPACT OF THE PARENT ROCK ON EROSION PROCESS DEVELOPMENT
IN GRDELICA GORGE AND VRANJE VALLEY

Sonja BRAUNOVIC, Mihailo RATKNIC, Ljubinko RAKONJAC
Summary

The paper presents and determines the geologic composition of the parent rock of
the region of Grdelica gorge and Vranje Valley. Sedimentary rocks of different ages
(conglomerates, sandstones, claystones, marlstones, bituminous shales, connected or
disconnected lake sediments, gravel, sand, clay, alluvial and delluvial deposits, etc. . .)
cover 32.5% of the area.

Igneous rocks (granitoid rocks - granites, granodiorites, quartz monconites and
dacite-andesite rocks and their tuffs, etc.) cover 26.4% of the area.

Metamorphic rocks (crystalline shales, micashists, gniesses, orthogneisses,
chloritoshists, quartz shales, amphibolites and amphibolte shales, serpentinites and graphite
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shales) cover 718.85 km” or 41.06 % of the total area of the region.

Crystalline shales of the lower crystallinity, the so-called “green shales,” which are
found downstream from Vladi¢in Han on the right bank of the Juzna Morava River caused
remarkable erodibility of this portion of the region (Krpejski Stream, Mlakacka Valley,
Predejanska River, Palojska River, DZepska River, the so-called Dzepske torrents, etc.).

Very hard rocks cover 24.81%, relatively hard rocks account for 13.78 %,
relatively erodible rocks 29.18% and very erodible rocks 32.23% of the total area, which
means that over 60% of the region is potentially, i.e. depending on other factors, is
susceptible to erosion.

Given the fact that the areas which in the 1950s were endangered by the processes
of excessive and strong erosion mostly correspond to the areas formed from erodible rocks,
parent rock is one of the significant causes of intensive erosion process development.

UTICAJ GEOLOSKE PODLOGE NA RAZVOJ EROZIONIH PROCESA
U GRDELICKOJ KLISURI I VRANJSKOJ KOTLINI

Sonja BRAUNOVIC, Mihailo RATKNIC, Ljubinko RAKONJAC
Rezime

U radu je definisan sastav geoloske podloge podru¢ja Grdeli¢ke klisure i Vranjske
kotline.

Sedimentne stene razliCite starosti (konglomerati, pe$cari, glinci, laporci,
bitumenozni skriljci, vezani ili nevezani jezerski sedimenti, Sljunkovi, peskovi, gline,
aluvijalni i deluvijalni nanosi itd.) zauzimaju 32,5% povrsine.

Magmatske stene (granitoidne stene: graniti, granodioriti, kvarcmonconiti i
dacitsko-andezitske stene i njihovi tufovi, itd.) zauzimaju 26,4% povrsine.

Metamorfne stene (kristalasti Skriljci, mikasisti, gnajsevi, ortognajsevi, hloritosisti,
kvarcni skriljci, amfiboliti i amfibolitski $kriljci, serpentiniti i grafitski Skriljci) pokrivaju
718,85 km?ili 41,06 % ukupne povriine podrudja.

Kristalasti Skriljci nizeg stepena kristaliniteta "zeleni Skriljci", koji se pruzaju
nizvodno od Vladi¢inog Hana (desna strana toka Juzne Morave), doprineli su veoma
izrazenoj erodibilnosti podruéja (Krpejski potok, Mlakacka dolina, Predejanska reka,
Palojska reka, DZepska reka, tzv. DZepske bujice itd).

Veoma ¢vrste stene zauzimaju 24,81%, uslovno ¢vrste 13,78 %, uslovno
erodibilne 29,18%, dok veoma erodibilne stene zauzimaju 32,23% ukupne povrsine, $to
znaéi da je preko 60% podrucéja potencijalno tj. u zavisnosti od drugih faktora, podlozno
eroziji.

Obzirom da se podru¢ja koja su pedesetih godina bila ugrozene procesima
ekscesivne 1 jake erozije uglavnom poklapaju sa povrSinama koje su izgradene od
erodibilnih stena, geoloska podloga je jedan od znaCajnih uzroka razvoja intenzivnih
procesa erozije.

72



INSTITUTE OF FORESTRY « BELGRADE
INSTITUT ZA SUMARSTVO + BEOGRAD

SUSTAINABLE FORESTRY ODRZIVO SUMARSTVO
COLLECTION 65-66, 2012 ZBORNIK RADOVA 65-66, 2012

UDK 630%232.322.41:582.628 Juglans regia L.=111
Original scientific paper

THE EFFECT OF APPLICATION OF DIFFERENT NUTRITION
PREPARATIONS ON HEIGHT INCREMENT OF
WALNUT (Juglans regia L.) SEEDLINGS

Tatjana CIRKOVIC-MITROVIC, Vladan POPOVIC,
Ljiljana BRASANAC-BOSANAC, Ljubinko RAKONJAC, Aleksandar LUCIC'

Abstract: Providing of quality planting material which takes root well after
planting, resistant to diseases, pests, stress (drought, extreme temperature, etc.) and grows
well in cultures is one of the strategic and preferential tasks of modern forestry. Walnut is a
fruit tree important as a founder of various varieties and hybrids, and as a rootstock for
high-yielding varieties. It is also of great importance because of high nutritional value of
fruit and high quality of stem. For that reason this species has to be introduced into the
existing ecosystem and used for afforestation of different habitats.

The paper presents results of research on the effect of the controlled decomposing
fertilizer Osmocote Exact®, mineral NPK fertilizer Florin 2 and microbiological
preparation Bactofil® B 10 on height increment of walnut seedlings. Data analysis was
performed by relevant procedures using statistical software packages (SPSS Statistics
17.0). Comparative analysis of height increment of seedlings treated with these
preparations and height increment of untreated seedlings, as well as a simple way of
application of these preparations by adding them to the substrate, will show the
Justification of direct application of these types of fertilizers and microbiological
preparation in mass production of high quality planting material.

Key words: walnut, mineral fertilizers, microbiological preparation, height
increment.

! Institute of Forestry, Belgrade, Kneza Viseslava No 3, Serbia
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UTICAJ PRIMENE RAZLICITIH PREPARATA ISHRANE NA VISINSKI
PRIRAST SADNICA ORAHA (Juglans regia L.)

Abstract: Obezbedivanje sadnog materijala koji se dobro prima nakon sadnje,

otpornog na bolesti, Stetocine, stres (susa, ekstremne temperature, i dr.) i dobro raste u
kulturama, jedan je od strateskih i prioritetnih zadataka savremenog Sumarstva. Orah je
vockarica znacajna kao rodonacelnik razlicitih sorti i hibrida i kao podloga za kalemljenje
visokorodnih sorti. Takode je od velikog znacaja zbog visoke hranljive vrednosti plodova i
visoko kvalitetnog debla. Zato ovu vrstu treba unositi u postojece ekosisteme i njome
posumljavati razlicita stanista.
U radu ce biti prikazani rezultati istrazivanja uticaja kontrolisano razlagajuceg dubriva
Osmocote Exact™, mineralnog NPK dubriva Florin 2 i mikrobioloskog preparata Bactofil®
B 10 na visinski prirast sadnica oraha. Obrada podataka izvrsena je odgovarajuéim
procedurama koris¢enjem programskih statistickih paketa (SPSS Statistics 17.0).
Komparativna analiza visinskog prirasta sadnica tretiranih ovim preparatima i visinskog
prirasta netretiranih sadnica, kao i jednostavan nacin primene navedenih preparata
dodavanjem u supstrat, ukazuje na opravdanost direktne primene ovih tipova dubriva i
mikrobioloskog preparata u masovnoj proizvodnji visokokvalitetnog sadnog materijala.

Key words: orah, mineralna dubriva, mikrobioloski preparat, visinski prirast.

1. INTRODUCTION

In Serbia within natural, forest ecosystems, is noted the presence of 122
fruit trees, grouped into 23 families and 38 genera. Range of many fruit trees has
declined alarmingly in the past 50 years and production of seedlings and their
introduction into existing forests as well as afforestation of bare land contributes to
the improvement of natural biological wealth of Serbia.

Initial planting material is of major importance for the success of
afforestation. Using of poor quality planting material increases the costs of
establishment and maintenance of cultures, while the success of afforestation is
diminished (Oliet, J. A. et al., 2009). Previous experience in afforestation proved
that a good selection of species and planting material characteristics (development
of root system, resistance to temperature extremes, etc.) are very important for
afforestation and must be taken into consideration.

Certain scientific researches have proved that application of nutrition
preparations in contemporary seedling production represents not only an additional
source of nutrients, but also a powerful mean and important factor in production of
high-yielding planting material for various purposes. A nutrition system of woody
plants in juvenile development phase should be planned on the basis of
contemporary developments in the field of production of various types of fertilizers
and experimental data obtained as a result of established experiments. The
selection of type, quantity and time of use of a fertilizer depends primarily on the
biological characteristics of plants, soil condition, plant development stadium as
well as the characteristics of the fertilizer itself (Tucovié, A., Simi¢, Z., 2002).

Taking into account the fact that the mineral nutrition is the most effective
method to improve quality and increase biomass production in forest trees and the
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forest fruit trees, too, the scientific objective of this research was to select, on the
basis of height increment of walnut seedlings treated with three different types of
nutrition preparations, the preparation that has the biggest influence on height
increment of seedlings and thus contributes to the proper development and optimal
quality of seedlings. An easy way to apply the nutrition preparation by adding it to
the substrate certainly would justify its use in the mass production of high quality
planting material.

2. MATERIAL AND METHOD

For the purpose of research and analysis of heights and height increment
during vegetation period of walnut seedlings and monitoring the effects of various
types of fertilizers, a sample plot was established in the seedling nursery of the
Institute of Forestry in Belgrade. The nursery is located at 20° 27° 44 east
longitude and 44° 49’ 14” north latitude, and the altitude of 95 meters.

By processing of data of Meteorological Service of Serbia for Weather
station in Belgrade for the period from 1980 to 2009, we have obtained the average
monthly air temperature and average monthly and annual precipitation for the site
where the experiment was set up. Based on the obtained data we got and the
average monthly amount of precipitation and average monthly temperature in the
vegetative period.

The walnut seed collected in 2010 was used for establishment of sample
plot. Due to dormancy of embryo, the walnut seed was held in a wet stratification
from November 2010 to the end of March 2011 (at the temperature 3-5 °C). The
sowing was performed in April 2011, in rows, 6 pieces per linear meter, at the
depth of 8 cm.

The seed was planted in Tref TPS fine brown substrate, produced by TREF
Group, Jiffy product international AS from Norway. For its production is used peat
moss from Estonia which does not contain weeds, dirt and pathogens, of fraction
<8 mm and pH 5.8 (+0,3), and represents a mixture of peat moss and perlite in a
9:1 ratio, while peat moss is a mixture containing 70% of white peat moss and 30%
of black peat moss.

The analysis of height growth was performed on seedlings that were not
treated with nutrition preparations, so-called ’control seedlings’ (in experiment
labeled with number 1), as well as on seedlings that were treated with three types
of fertilizers: a controlled release fertilizer Osmocote® Exact Standard 5-6 M
(treatment labeled in experiment with number 2), a microbiological preparation
Bactofil® B 10 (treatment labeled in experiment with number 3) and a complex
NPK mineral fertilizer Florin 2 (treatment labeled in experiment with number 4).

Osmocote® Exact consists of fine NPK granules and contains micro-
elements in traces and additional magnesium. Each granule of size 2-4 mm is
covered with an organic semi-permeable coating, a membrane of bio-
decomposable resin produced from plant oils. A granule enables longer retention of
nutrients and a more even plant nourishment, without the possibility of rinsing. The
nutrients are extracted from granules by osmosis, i.e., the plant pumps them with
the aid of water. Osmocote” Exact Standard 5-6 M has a mark
15+9+12+2MgO+micro-elements, that denotes a percentage content of nitrogen,
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phosphorus, potassium, magnesium and micro-elements necessary for plant growth
and development. Nitrogen accounts for 15%, P,Os accounts for 9%, while K,O
accounts for 12%. MgO accounts for 2%, the total Iron accounts for 0.45%, Mn
accounts for 0.06%, Zn, B and Mo account for 0.020% each, while Cu accounts for
0.055%. Life span of this fertilizer is 5-6 months at the temperature of 21 °C. At
higher temperatures dissolution of nutrients is more rapid and slower at lower
temperatures, which suits the plant needs for nutrients. Salt level, Ph, activities of
micro-organisms and quality of water or rain do not influence dissolution of
nutrients, the only relevant factor is the temperature, which makes Osmocote™
Exact very reliable in use.

Bactofil is a micro-biological fertilizer that contains ten most important
sorts of soil bacteria, which enable optimum soil conditions for plant growth and
development. Bacteria perform an irreplaceable role in sustainment of soil fertility
by binding nitrogen from air and transforming it into a form that is easily
accessible to plants. Furthermore, they increase phosphorus and potassium reserves
in soil and help with decomposition of organic matter. Bacteria in Bactofil
preparation are: Azotobacter vinelandii, Azospirilium brasilense, Azospirilium
lipoferum, Bacillus, Pseudomonas, Bacillus subtilis, Bacillus polymyxa, Bacillus
cirkulans, Streptomyces albus, Micrococcus roseus. By its addition to the substrate,
Bactofil directly influences the intensity of humification and mineralisation
process.

Florin 2 NPK 15:15:15, a complex NPK mineral fertilizer, contains 15%
of nitrogen (6.5% nitrate and 8.5% ammonium), 15% of phosphorus oxide P,Os
(soluble in 2% citric acid and 9% soluble in water) and 15% of potassium oxide
K;O (soluble in water). NPK fertilizer has the widest application in Serbia,
primarily due to favorable price.

The analysis of walnut seedlings involved the study of the above-ground
part heights and comparison of similarities and differences depending on treatment
with the above-mentioned nutrition preparations, with the comparison of obtained
results with the results of the control, non-treated seedlings.

Data processing was performed by relevant procedures using statistical
software packages (SPSS Statistics 17.0). The estimate of statistical significance of
different variation factors of the monitored characteristics of walnut seedlings was
performed by application of variance analysis. By models of estimation of
significance of various factors’ contribution to the total variation of characters, a
statistical significance of the variation sources was described depending on the type
of applied fertilizer (variation contingent upon the type of fertilizer used in the
experiment).

The statistical justification of the differences between mean values of the
analysed morphometric characteristic was determined by the LSD test with a
probability of 95%.
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3. RESULTS AND DISCUSSION
Climatic characteristics

The average air temperature is 12.5 °C, while the average temperature in
vegetation period is 19.2 °C. The temperature reaches the lowest values in January
(the average value for this month is 1.3 °C), while the hottest month is July with
22.9 °C.

The total annual precipitation sum is 692 mm, while in the vegetation
period it amounts to 393 mm, which is 57% of the total annual amount.

High amount of precipitation in the vegetation period is of particular
importance for development, growth and increment of all plant species. The
rainiest month is June, while the lowest amount of precipitation is recorded in
February. A secondary precipitation maximum, with lower values, is reached in
December, while a secondary minimum occurs in October (Cirkovié-Mitrovié, T.
et al. 2012, 2012a).

Variation of height increment of one-year-old walnut seedlings contingent upon
treatment by various nutrition preparations

The statistical analysis of length of the walnut seedling above-ground part
contingent upon the treatment by different preparations indicates that after a more
or less uniform increase in height at the beginning of the vegetation period comes
to an increasing of differentiation of this morphometric marker in plants treated
with Osmocote. (Table 1).

After intense height increment at the beginning of the vegetative period
(until May-June) in all treatments, this morphometric parameter in seedlings
treated with Osmocote and Bactofil began to show a declining trend. In seedlings
treated with Bactofil the height increment decreases abruptly, while in the seedlings
treated with Osmocote the height increment by the end of the vegetative period
retains high values and statistically differs significantly from height increment of
seedlings from other two treatments and control seedlings. In control seedlings and
those treated with Florin the current height increment culminates in period of June-
July and then abruptly decreases. At the end of the vegetation period, before the
start of vegetative rest, the height increment of all seedlings is uniform, with no
significant differences. The curves of height development also indicate these trends
(Table 1, Graph 1). In August starts the differentiation of heights of seedlings
treated with Osmocote and control seedlings, and by the end of the vegetation
period this parameter is significantly different compared to the heights of seedlings
treated with Bactofil and Florin. (Table 1, Graph 1).

71



Table 1. Method: 95.0 percent LSD
Height Height increment
Measurement in June April-June
Treatment Count Mean Homogeneous Groups | Treatment Count Mean Homogeneous Groups
4 74 10.1027 X 4 74 5.06757 X
1 74 11.6311 X 1 74 5.84054 X
3 74 12.0892 X 3 74 6.06757 X
2 74 12.6824 X 2 74 6.36486 X
Measurement in July June-July
Treatment Count Mean Homogeneous Groups | Treatment Count Mean Homogeneous Groups
4 74 16.6176 X 2 74 4.55405 X
2 74 17.2365 X 3 74 5.55811 XX
3 74 17.6473 X 1 74 6.43919 X
1 74 18.0703 X 4 74 6.51486 X

Measurement in August
Treatment Count Mean

Homogeneous Groups

July-August
Treatment Count Mean

Homogeneous Groups

—_—N W A
2
N

19.3108
19.5041
21.477

22.4811

X

X

XX
X

3 74 1.85676
4 74 2.69324
2 74 4.24054
1 74 4.41081

X

X
X
X

Measurement in September
Treatment Count Mean

Homogeneous Groups

August-September
Treatment Count Mean

Homogeneous Groups

4 74
3 74
1 74
2 74

20.2149
20.3176
23.0892
24.2595

X
X

X
X

1 74 0.608108
3 74 0.813514
4 74 0.904054
2 74 2.78243

X

X

X
X

Measurement in October
Treatment Count Mean

Homogeneous Groups

September-October
Treatment Count Mean

Homogeneous Groups

4 74
3 74
1 74
2 74

21.6122
21.6622
24.5919
25.9649

X
X

X
X

3 74 1.34459
4 74 1.3973
1 74 1.5027
2 74 1.70541

X

X
X
X

Table 2. Summary statistics for the height growth of walnut (Juglans regia L.)

seedlings at the end of the vegetation period

Treatment | Count | Average | Variance | St. deviation | Minimum | Maximum | Range
1 74 | 24.5919 | 39.4687 6.28241 134 40.0 26.6

2 74 | 25.9649 | 94.1166 9.70137 12.5 55.0 42.5

3 74 | 21.6622 | 39.3079 6.2696 14.0 46.0 32.0

4 74 | 21.6122 | 71.8835 6.2696 9.0 45.3 36.3
296 | 23.4578 | 64.1344 8.0084 9.0 55.0 46.0
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Picture 1. Walnut seedlings treated with Osmocote, Florin, Bactofil and control
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Graph 1. Development of height and height increment of walnut (Juglans regia L.)
seedlings during the vegetation period

At the end of the vegetation period, the seedling with the absolute smallest
height was measured in seedlings treated with Florin and the seedling with the
absolute largest height was measured in seedlings treated with Osmocote. The
smallest seedling has height of 9.0 cm, and the highest seedling has height of 55.0
cm (amplitude is 46.0 cm). Also, the largest average height of 25.96 cm have
seedlings treated with Osmocote. The smallest average height of 21.61 cm have
seedlings treated with Florin (Table 3).

Based on the obtained results it can be concluded that the nutrition
preparation Osmocote is suitable for the production of walnut seedlings. That
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nutrition with nitrogen, phosphorus and potassium can influence increase of some
growth parameters such as height, have shown researches in Serbia: Puki¢, M. et
al. (2004) with Spruce seedlings and different types of substrates, Sija¢i¢-Nikoli¢,
M. (2006) with Beech seedlings treated with Osmocote. Komlenovi¢, N. (1997)
also finds a positive impact of fertilizer Osmocote on the production of coastal
pines in Croatia. In Turkey, the Ash (Fraxinus) seedlings in the first year respond
positively to treatment with NPK fertilizers (Cicek, E. et al., 2010).

4. CONCLUSION

Based on the obtained results it can be concluded that used nutrition
preparations differently affect the height of walnut seedlings. Control seedlings and
seedlings treated with the slowly decomposing mineral fertilizer Osmocote show
better results than those treated with microbiological preparation Bactofil and NPK
mineral fertilizer Florin.

Controlled decomposing fertilizer Osmocote Exact® positively affects the
development of seedlings stimulating the development of seedlings height which is
of particular importance if one takes into account that height, along with root collar
diameter, is one of the most important morphological criteria of quality of
deciduous seedlings (Stilinovi¢, S. 1987). Being the slowly decomposing fertilizer,
Osmocote exerts a positive impact on seedling development, as the effect it
produces coincides with the duration of the vegetation period.

An easy way of application by adding fertilizer directly to the substrate
during its preparation, controlled decomposition that follows the needs of the plant
and a relatively long period of activity speak in favor of justification of application
of this fertilizer in mass production of high quality planting material for different
purposes.
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UTICAJ PRIMENE RAZLICITIH PREPARATA ISHRANE NA VISINSKI
PRIRAST SADNICA ORAHA (Juglans regia L.)

Tatjana Cirkovié-MITROVIC, Viadan POPOVIC, Ljiljana BRASANAC-BOSANAC,
Ljubinko RAKONJAC, Aleksandar LUCIC

Rezime

Uzimajué¢i u obzir Cinjenicu da je mineralna ishrana najefikasniji metod za
poboljsanje kvaliteta i povecanje produkcije biomase kod Sumskog drveéa, samim tim i
Sumskih vockarica, nau¢ni cilj ovih istrazivanja bio je da se na osnovu porasta visina
sadnica oraha tretiranih sa tri razliita tipa preparata ishrane odabere onaj preparat, Ciji je
uticaj na visinski razvoj sadnog materijala bio najvec¢i i time doprineo pravilnom razvoju i
optimalnom kvalitetu sadnica.

Na osnovu dobijenih rezultata konstatovano je da koriS¢eni preparati ishrane
razli¢ito utiCu na visinu sadnica oraha. Kontrolne sadnice 1 sadnice tretirane
spororazlagaju¢im mineralnim dubrivom Osmocote pokazale su bolje rezultate u odnosu na
one tretirane mikrobioloskim preparatom Bactofil i NPK mineralnim dubrivom Florin.

Kontrolisano razlagajuc¢e dubrivo Osmocote Exact® pozitivno utiCe na razvoj
sadnica stimuli$u¢i razvoj visina sadnica, §to je od posebnog znacaja ako se ima u vidu da
je visina, uz precnik u korenovom vratu, jedan od najvaznijih morfoloskih kriterijuma
kvaliteta lis¢arskih sadnica (Stilinovi¢, S. 1987). Kao spororazlagajuée dubrivo, Osmocote
takode ima znacaj, jer se duzina njegovog delovanja na biljke poklapa sa duzinom trajanja
vegetacionog perioda.
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Abstract: Within the process of matter circulation, soil microorganisms play a
decisive role in the biological circulation of nutrition elements, i.e. plant assimilatives,
through the process of organic matter (detritus) degradation via biosynthesis
(humification) and mineralization (dehumification), releasing plant assimilatives and thus
enabling forests to survive as natural ecosystems. Development of appropriate
physiological groups of microorganisms participating in such processes and their
biological activity are prerequisites of forest ecosystem stability. The results of the research
in microbiological activity of the forest soil conducted in the areas within the territory of
Belgrade include 19 locations of forested areas in both state and private ownership.
Preliminary research suggested that the process of ammonification is by far the most
significant in both synthesis and degradation of humus for plant assimilative formation
(nitrogen, phosphorus, sulphur etc.); therefore the measures undertaken must be focused on
ensuring normal and regular course of such processes.
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MIKROBIOLOSKA AKTIVNOST SUMSKIH ZEMLJISTA
NA PODRUCJU BEOGRADA

Abstrakt: U procesu kruzenja materije zemljisni mikroorganiozmi imaju
odlucujucu ulogu u bioloskom kruzenju elemenata ishrane — biljnih asimilativa kroz proces
degradacije organske materije (stelje) biosintezom (humifikacijom) i mineralizacijom
(dehumifikacijom) oslobadajuci biljne asimilative i time omogucavajuci Sumi da opstane
kao prirodni ekosistem. Razvoj odgovarajucih fizioloskih grupa mikroorganizama koji
ucestvuju u ovim procesima i njihova bioloska aktivnost je predpostavka stabilnosti
Sumskih ekosistema. Rezultati istrazivanja mikrobioloske aktivnosti Sumskih zemljista koja
su vrSena na podrucju Beograda obuhvataju 19 lokaliteta pod sumom u drzavnom i
privatnom vlasnistvu. Preliminarna istrazivanja ukazuju da je proces amonifikacije,
najznacajniji kako u sintezi tako i u razlaganju humusa za stvaranje biljnih asimilativa
(azota, fosfora, sumpora i dr.), pa i mere koje se primenjuju moraju biti usmerene da se
ovakvi procesi odvijaju normalno.

Kljuéne re¢i: Sumsko zemljiste, amonifikaconi mikroorganizmi, oligonitrofilni
mikroorganizmi, aktinomicete.

1. INTRODUCTION

Through their activity microorganisms enable today’s living communities
— biocenoses — to live as they are indispensable members of such communities
(Varman, A.H., Evans, M.G., 2000).

Green plants create organic matter from inorganic compounds and they are
producers. Animals consume the created organic matter and they are consumers.
Microorganisms slowly degrade the created organic matter and create mineral
compounds — plant assimilatives — necessary for the nutrition of plants and they are
destroyers — reducers. This type of activity of microorganisms is called organic
matter mineralization. It is the principal role of microorganisms in nature and it
provides closure to the process of matter and energy circulation. Circulation itself
is the material basis of all life in nature as thereby insignificant quantities of certain
elements and compounds (carbon, nitrogen, phosphorus and others) are made
infinite once they are introduced in the matter circulation process in nature (Sylvia,
D.Me.et. al., 2005, Tesi¢, Z., 1968).

As natural plant ecosystems, forests rely on the natural processes of matter
and energy circulation for their survival and development. Within such processes,
soil microorganisms play a decisive role in the biological circulation of nutrition
elements, i.e. plant assimilatives, through the process of organic matter (detritus)
degradation via biosynthesis (humification) and mineralization (dehumification),
releasing plant assimilatives and thus enabling forests to survive as natural
ecosystems (Raicevi¢, V. et al. 2010, Tesic¢, Z., 1968). Humification refers to the
biochemical and microbiological processes wherein fresh organic matter within the
soil (forest litterfall) is converted into new humus matter of a colloidal nature. The
course of humification and the nature of humus depend on the chemical
composition. Such processes take place in a very dynamic soil environment and
environmental conditions have a significant impact on the qualitative and
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quantitative composition of the microflora, the type of humification products and
the course of humification (Atlas, R.M. et al., 1991, Misustin, E.N., 1956).
Development of appropriate physiological groups of microorganisms participating
in such processes and their biological activity are prerequisites of the forest
ecosystem stability. Their function in certain forest soil types with varying
anthropogenic influence is a significant stability factor for such soils.

2. MATERIALS AND METHODS

Most forests in the territory of Belgrade belong to the Posavsko-
Podunavski forest region, which is managed by Forest Estate Belgrade, whereof
16,686.70 hectares are state-owned and 15,636 hectares are privately owned. A
portion of forests in the territory of Lazarevac Municipality belong to the
Podrinjsko-Kolubarski forest region, which is managed by the Forest Estate
Boranja-Loznica, whereof 379.37 hectares are state-owned and 6,172 hectares are
privately owned. From May 2010 to April 2011, research in microbiological
activity of forest soil was conducted at 19 locations of forested areas in both state
and private ownership in the territory of Belgrade (Figure 1).

Figure 1. Overview of locations where research was conducted

1. KoSutnjak — of deciduous species Turkey oak has a predominant share
accompanied by large-leaved lime and silver lime, hornbeam and English
oak, whereas the share of coniferous species is only 5%.

2. Miljakovacka Suma — poorly cultivated stands with lush and bushy stand
understorey without internal open spaces.
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Banji¢ka Suma — belongs to the habitat of a potential ceno-ecological type
of forest of English oak, hornbeam, Turkey oak and lime.

Stepin lug-Jajinci — dominant pure and mixed stands of black locust.
Baba Velka — mixed stands of deciduous trees (32%), mixed stands of
coniferous trees (30%), pure stands of deciduous trees (23%), pure stands
of coniferous trees (6%) and stands of mixed deciduous and conifers (only
1%).

Avala — most present tree species is sessile oak, which covers about 20%
of the area of all forests.

Tresnja — the largest share is that of mixed stands of sprout origin (48%).
Kosmaj —79.32% of the forest area is covered by forests of sprout origin,
whereas the share of tall deciduous tree forests is only 1.96% of the area.
Sremacki rt sa Goricom — Turkey oak and Hungarian oak stands of
sprout origin prevail here, followed by sprout origin stands of black locust
and anthropogenic-originated stands of conifers (black pine and spruce)
and deciduous trees (English oak and O.T.L.).

Lipovica — mixed deciduous stands of sprout origin prevail and there are,
to a less extent, pure black locust stands of sprout origin.

Lazarevacke Sume — most present of deciduous trees in this municipality
are beech and Turkey oak and of conifers — black pine.

Makis — both natural and anthropogenic deciduous forests.

Ada Ciganlija — these are mostly second generation stands of sprout
origin, with only a very small share of Euro-American poplar.

Sume uz autoput (Forests alongside the highway) — are of anthropogenic
origin with a wide range of autochthonous and allochthonous deciduous
and coniferous species.

Obrenovacki zabran — predominant sprout mixed stands of narrow-leafed
ash and English oak, sprout mixed stands of willows and poplars and
anthropogenic stands of [-214 and red oak.

Bojcinska Suma — predominant are anthropogenic tall English oak stands,
both pure and mixed.

Crni lug — mostly comprised of stands of narrow-leafed ash and English
oak as well as of poplar and black locust.

Ritske Sume — predominant are anthropogenic stands — plantations of
Euro-American poplar, which cover about 90% of the area according to
data from the special records.

Zvezdarska Suma — deciduous and coniferous forests of anthropogenic
origin.

During the months of analyses, sampling was conducted two times from

three sites at each location and the averages thereof were analyzed in terms of
presence of microorganisms as significantly indicative of soil activity in the forest
ecosystems. The objective of the research was to determine the dynamics of the
processes within the soil at the selected locations within forest ecosystems in the
territory of Belgrade.

Field substrate sampling — at the selected locations the substrate for

microbiological analysis was sampled two times in certain months whereby three
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samples were collected each time from the depth within the detritus zone (up to 10
cm) in the stands with formed detritus; at other sites, samples were collected from
the depth of 10-20cm. The samples collected were packed in bags, labeled and
placed in refrigerators in order to be prepared for laboratory analyses within 24
hours.

Substrate preparation under laboratory conditions — each month soil
samples were collected from the 19 locations for determination of the total number
of microorganisms present. This was achieved by cultivating soil suspension of 0.1
cem in 107 dilution on nutritive base media. Cultivation was performed in three
repetitions, and the number of microorganisms was calculated per 1gr of absolutely
dry soil.

Nutritive base preparation for cultivation of soil suspension — in
laboratory investigation four different nutritive bases were used: Czapek’s agar,
MPA (meat peptonic agar), Ashby’s agar and synthetic agar. The base media used
are of the following compositions:

Czapek’s agar Synthetic agar with MPA agar Ashby’s agar
saccharose

N.NO; 3.0¢r KH,PO, 0.5 gr nutritive agar 413 gr KH,PO, 0.2 gr

KH,PO4 1.0 gr MgCO3 0.50 gr (Torlak, MgSO4 0.2 gr

KCl1 0.50 gr | NaCl 0.5 gr Belgrade) up to NaCl 0.2 gr

MgSO, 0.50 gr KNO; 1.0 gr distilled water 1000ml K>SO, 0.1 gr

FeSO, 0.01 gr FeSO, 0.01gr CaCO; 5.0 gr

Agar 20.0 gr | CaCOs in excess (1 liter of the base contains: | Agar 20.0 gr

Saccharose 3.0 gr Agar 20.0 gr peptone 15.0 gr, bovril 3.0 Maltose 20.0 gr

Distilled up to Saccharose  25.0 gr gr, NaCl 5.0 gr, potassium (Glucose)

water 1000ml | Distilled up to hydrogen phosphate 0.3gr, Distilled up to
water 1000ml agar 18gr) water 1000ml

Nutritive bases were autoclaved at the temperature of 120°C and pressure
of 1.5 atm for 20 minutes. Subsequent to sterilization, the nutritive bases were
poured into Petri dishes. In each Petri dish, soil suspension of 0.1 c¢cm in 107
dilution was added to 25 ml of the nutritive base. All Petri dishes were placed in a
thermostat at the temperature of 22+1°C. 5 and 10 days later, total respective
numbers of fungi, bacteria and actinomycetes developed on the nutritive media
were determined. Data on the numbers of microorganisms were then calculated per
1 gr of air dried soil, so that the numbers of the principal physiological groups of
soil microorganisms were expressed in the units of 1,000 pcs/lgr of dry soil.
Measurement data obtained per month were calculated into average values for each
month analyzed and presented in tables as such.

3. RESULTS AND DISCUSSION
3.1. Total number of ammonifying microorganisms

Ammonifying microorganisms are among most significant physiological
groups present in the soil. They participate in degradation of proteins thus releasing
nitrogen (one of the essential elements for plant nutrition) from organic matter,

converting it into more accessible forms. Degradation of organic matter through the
activity of these microorganisms releases ammonia but only in the instances of
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sufficiently low C/N ratio within the organic matter. Otherwise almost all ammonia
is used by the microorganisms for their own cell protoplasm synthesis; they
partially comprise humus. At a number of locations the maximum numbers of these
microorganisms were reached in September, whereas the minimum numbers were
recorded in May. Large numbers were identified in autumn and winter months,
from September to January. This was due to mild winter with daily temperatures
above 0°C, ranging from +10 to +20°C, and precipitation which allowed sufficient
moisture. The largest numbers of ammonifying microorganisms were recorded in
the soil of deciduous forests in Banjica, Baba Velka, Jajinci, on Avala and in
Lipovica. In the soil of anthropogenic forest parks such as Kosutnjak, Miljakovac,
Makis, Ada Ciganlija, Avala and alongside the highway, the numbers of these
microorganisms were significantly lower, as was the case in Obrenovacki zabran,
with predominant poplar trees. In Banjicke Sume, Crni Lug (oak forests), Ritske
Sume, TreSnja and on Kosmaj (coniferous forests), the numbers of these
microorganisms were significantly lower. This means that ammonification
processes in organic matter degradation are depressed and inflow of plant
assimilatives reduced. At such locations, these processes were influenced by
vegetation (Table 1).

Table 1. Total number of bacteria on MPA agar (1000 pcs / 1 g of dry soil)

Locations July | September | October | November | January | May
Kosutnjak 15.01 10.51 34.01 33.67 28.32 | 37.79
Miljakovac 15.62 68.19 26.26 39.87 40.67 | 34.86
Banjica 43.88 74.90 30.29 35.66 42.62 | 59.00
Baba Velka 30.26 60.14 26.58 44.98 59.29 | 38.81
Jajinci 38.64 30.76 29.77 32.45 23.12 | 61.43
Avala 21.88 33.02 39.40 53.14 37.09 | 44.01
Tresnja 19.27 20.59 17.18 36.93 20.83 | 36.40
Kosmaj 16.39 30.50 41.06 25.59 16.56 | 29.40
Gorica 15.48 44.16 13.86 31.22 52.55 | 19.98
Lipovica 39.05 87.55 41.56 45.88 38.44 | 17.40
Laz.sume 36.43 41.20 19.48 22.37 30.33 | 66.88
Makis 14.83 438 37.29 61.60 41.43 | 20.75
Ada Ciganlija 16.00 26.74 20.46 58.62 114.80 | 73.92
Auto put 17.28 29.81 23.19 51.53 35.21 | 43.78
Obrenovacki zabran | 14.09 41.57 30.29 71.04 26.73 | 65.95
Bojcin 17.85 35.65 19.91 80.19 34.15 | 70.97
Crni lug 18.86 53.48 63.44 57.47 4417 | 64.16
Ritske sume 17.17 39.63 49.24 75.95 56.44 | 81.81
Zvezdara 15.64 42.49 54.84 34.71 35.86 | 44.98
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3.2. Total number of oligonitrofilic microorganisms

Microorganisms of this physiological group are satisfied with small
quantities of nitrogen from the degraded organic matter as they have the ability to
partially compensate for the lack of accessible nitrogen from the atmosphere
through nitrogen fixation. This means that this physiological group, via the
synthesis of its microbiological substance, introduces atmospheric nitrogen into the
biological circulation. The number of bacteria (Table 2) from the group of
oligonitrofililic microorganisms is rather subject to variation; however, it was
observed that numbers rise at those locations where the numbers of ammonifying
microorganisms are lower. In September and May these bacteria were not
identified at the following locations: Banjica, Baba Velka, Jajinci, Tresnja,
Kosmaj, Lipovica and Lazarevacke Sume.

Table 2. Total number of bacteria on Ashby’s agar (1000 pcs / 1 g of dry soil)

Locations July | September | October | November | January | May
Kosutnjak 36.82 42.05 11.73 38.18 9.01 6.99
Miljakovac 21.60 20.32 12.60 15.93 5.11 6.45
Banjica 42.63 0.00 21.31 17.24 0.00 3.93
Baba Velka 39.89 35.43 35.82 1.08 0.00 | 4.31
Jajinci 17.56 0.00 0.00 18.07 0.00 8.38
Avala 21.88 0.00 8.75 1.36 9.27 8.56
Tresnja 25.58 0.00 13.74 23.63 0.00 8.49
Kosmaj 24.58 0.00 17.96 16.56 6.01 | 10.23
Gorica 26.19 0.00 9.24 22.29 0.00 0.00
Lipovica 10.12 0.00 56.22 0.00 0.00 | 13.38
Laz.sume 28.15 0.00 52.71 5.97 17.14 0.00
Makis 51.92 41.6 24.86 48.77 58.31 | 34.57
Ada Ciganlija 0.00 20.32 59.11 16.91 19.52 | 40.32
Auto put 11.52 6.39 40.85 21.47 50.99 3.75
Obrenovacki zabran 7.04 20.78 15.15 22.05 52.06 | 1041
Boj¢in 24.72 7.95 44.50 43.49 13.01 | 48.71
Crni lug 15.09 51.79 58.15 25.86 69.02 | 45.38
Ritske sume 4.29 26.42 17.30 13.32 22.88 | 56.14
Zvezdara 24.06 4.26 35.76 20.57 29.61 | 44.98

Numbers of fungi (Table 3) and bacteria (Table 2) varied immensely
according to the weather and locations. Fungi were present in significant numbers
and, together with bacteria from this group, suggested the lack of nitrogen in
accessible form within the organic matter in the soil; on the other hand, such lack
of nitrogen was compensated in certain amount with the nitrogen from the
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atmosphere through nitrogen fixation, which increased the inflow of plant
assimilatives.

Table 3. Total number of fungi on Ashby’s agar (1000 pcs / 1g of dry soil)

Locations July | September | October | November | January | May
Kosutnjak 36.82 12.85 23.45 25.45 20.59 | 48.93
Miljakovac 44.26 22.34 7.35 14.79 21.73 | 27.11
Banjica 22.57 22.06 10.09 12.31 50.37 | 23.60
Baba Velka 18.16 3891 16.18 2.16 51.56 | 18.69
Jajinci 19.90 18.23 0.0 3.87 15.03 | 48.86
Avala 14.16 11.79 24.07 8.17 18.77 | 41.56
Tresnja 45.94 28.59 20.61 23.63 7.81 | 26.69
Kosmaj 15.02 32.95 23.09 12.04 13.55 | 34.52
Gorica 45.25 33.12 16.88 8.92 37.34 | 19.98
Lipovica 33.27 53.16 15.89 18.16 28.83 | 53.54
Laz.sume 62.93 29.26 16.04 5.97 22.41 | 36.01
Makis 9.89 20.80 28.25 15.40 16.88 | 42.64
Ada Ciganlija 56.01 0.00 21.59 24.80 28.31 | 52.76
Auto put 58.75 28.75 4.42 9.66 10.93 | 56.29
Obrenovacki zabran | 50.49 19.74 15.15 7.35 22.51 5.78
Bojcin 31.59 2.26 18.74 9.51 42.28 | 52.88
Crni lug 54.28 21.48 26.43 27.29 9.66 | 35.99
Ritske sume 61.54 1.10 31.94 10.66 13.73 | 73.79
Zvezdara 26.47 4.25 45.30 11.57 10.63 | 29.11

3.3. Total number of actinomycetes

Actionmycetes comprise a physiological group of microorganisms that
vigorously degrade organic matter and humus up to the end-products of
mineralization, thus releasing plant assimilatives. Actionmycetes were not
identified on Czapek’s agar. They were identified in small numbers only on the
synthetic agar (Table 4), at the locations of Kosutnjak, Miljakovac, Jajinci, Tresnja,
on Kosmaj, in Maki$, Banjicka Suma, Ritske Sume and Zvezdara.

Table 4. Total number of actinomycetes on Czapek’s agar (1000 pcs/1g of dry soil)

Locations July | September | October | November | January | May
Kosutnjak 1.36 0.00 0.00 0.00 1.28 | 0.00
Miljakovac 0.00 0.00 0.00 0.00 0.00 | 0.00
Banjica 0.00 0.00 0.00 0.00 0.00 | 0.00
Baba Velka 0.00 0.00 0.00 0.00 0.00 | 0.00
Jajinci 0.00 0.00 0.00 0.00 0.00 | 0.00
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Locations July | September | October | November | January | May
Avala 0.00 0.00 0.00 0.00 19.80 0.00
Tresnja 7.41 0.00 0.00 0.00 0.00 0.00
Kosmaj 0.00 0.00 0.00 0.00 0.00 0.00
Gorica 5.95 0.00 0.00 0.00 0.00 | 0.00
Lipovica 0.00 0.00 0.00 0.00 0.00 0.00
Laz.sume 6.62 0.00 0.00 0.00 0.00 0.00
Makis 0.00 0.00 0.00 0.00 10.70 | 2.30
Ada Ciganlija 0.00 0.00 0.00 0.00 0.00 1.34
Auto put 0.00 0.00 0.00 0.00 0.00 0.00
Obrenovacki zabran | 0.00 0.00 0.00 0.00 0.00 2.31
Bojcin 0.00 0.00 0.00 0.00 0.00 5.56
Crni lug 2.75 0.00 0.00 0.00 0.00 | 4.69
Ritske sume 0.00 0.00 0.00 0.00 0.00 | 11.22
Zvezdara 0.00 1.06 0.00 0.00 0.00 3.96

Table 5. Total number of actinomycetes on synthetic agar (1000 pcs/1g of dry soil)

Locations July | September | October | November | January | May
Kosutnjak 1.36 1.17 2.34 15.27 0.00 | 4.19
Miljakovac 0.00 0.00 0.00 0.00 0.00 | 3.87
Banjica 6.26 0.00 3.36 0.00 0.00 | 0.00
Baba Velka 0.00 0.00 0.00 0.00 0.00 | 0.00
Jajinci 0.00 2.28 0.00 0.00 0.00 | 1.39
Avala 0.00 0.00 0.00 0.00 0.00 | 0.00
Tresnja 0.00 0.00 0.00 0.00 0.00 | 242
Kosmaj 0.00 0.00 0.00 0.00 0.00 | 5.11
Gorica 0.00 0.00 0.00 0.00 0.00 | 0.00
Lipovica 0.00 0.00 0.00 0.00 0.00 | 0.00
Laz.sume 0.00 0.00 0.00 0.00 0.00 | 0.00
Makis 0.00 0.00 0.00 0.00 0.00 | 2.30
Ada Ciganlija 0.00 0.00 0.00 0.00 0.00 | 0.00
Auto put 0.00 0.00 0.00 0.00 0.00 | 0.00
Obrenovacki zabran | 0.00 0.00 0.00 0.00 0.00 | 0.00
Bojcin 0.00 0.00 0.00 0.00 0.00 | 5.56
Crni lug 0.00 0.00 0.00 0.00 0.00 | 0.00
Ritske sume 0.00 22 2.66 0.00 0.00 | 3.21
Zvezdara 0.00 0.00 1.19 0.00 0.00 | 6.61
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3.4. Total number of fungi

In forest soil this physiological group of microorganisms mostly engages in
cellulose, hemicelluloses and lignin matter degradation. Under aerobic conditions,
cellulose and hemicelluloses transformations are conducted turbulently, but not up
to the end-products, so they comprise humus indirectly, through synthesized
microbiological substance (mucilage). Microorganisms of this physiological group
were not present in large numbers on synthetic (Table 6) and on Czapek’s agar
(Table 7). The exceptions were coniferous forests at locations in Tre$nja and on
Kosmaj, as well as Boj¢inska Suma and Crni lug, where their number was
considerably greater. This suggests a significant role of fungi in humus
biosynthesis at these locations.

Table 6. Total number of fungi on synthetic agar (1000 pcs / 1 g of dry soil)

Locations July | September | October | November | January | May
Kosutnjak 13.64 26.86 17.59 16.55 38.61 | 23.79
Miljakovac 14.32 24.69 9.45 22.75 12.71 | 21.95
Banjica 12.54 4.61 14.58 23.39 27.03 | 2491
Baba Velka 8.46 29.48 10.40 5.41 63.16 | 25.87
Jajinci 16.39 26.20 13.09 16.78 15.03 | 58.64
Avala 11.58 9.43 18.60 6.81 7.95 6.11
Tresnja 32.61 43.46 18.32 23.58 28.64 | 19.41
Kosmaj 13.66 40.27 17.96 21.78 6.02 | 33.24
Gorica 20.24 45.26 9.24 10.54 3042 | 749
Lipovica 95.46 65.67 41.56 34.21 16.47 | 9.37
Laz.sume 27.51 27.31 14.52 10.90 791 | 33.44
Makis 28.43 16.42 11.29 8.98 12.27 | 31.12
Ada Ciganlija 10.29 13.90 0.00 9.02 14.15 | 15.11
Auto put 13.82 3.19 12.15 17.18 3.64 | 17.51
Obrenovacki zabran 2.35 1.04 10.82 4.89 21.11 | 11.57
Bojcin 40.04 17.83 23.42 36.69 27.61 | 57.05
Crni lug 11.31 13.89 46.26 18.68 1242 | 55.12
Ritske sume 17.17 0.00 19.96 11.99 9.15 | 19.83
Zvezdara 16.42 6.37 10.73 3.86 11.95 | 15.72
Table 7. Total number of fungi on Czapek’s agar (1000 pcs / 1 g of dry soil)
Locations July September | October | November | January May
Kosutnjak 28.60 9.34 7.03 21.64 38.61 2.79
Miljakovac 13.02 18.19 13.65 13.65 11.51 5.16
Banjica 13.79 28.81 8.96 24.63 14.21 0.00
Baba Velka 19.37 11.79 4.62 0.00 6.57 2.87
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Locations July September | October | November | January May

Jajinci 2.34 25.06 2.38 24.52 3.76 5.58
Avala 11.58 0.00 10.94 5.45 9.27 24.45
Tresnja 42.98 34.31 4.58 7.39 9.11 0.00
Kosmaj 35.51 48.81 10.26 15.05 13.55 6.39
Gorica 28.58 18.77 16.17 17.84 22.13 3.75
Lipovica 62.19 12.51 23.22 26.83 23.34 2.68
Laz.sume 41.39 52.67 16.94 447 26.36 7.72
Makis 33.38 0.00 25.99 28.23 1.53 9.22
Ada Ciganlija 18.59 10.69 18.19 2.26 17.29 17.47
Auto put 5.76 10.47 7.73 9.66 3.64 18.31
Obrenovacki zabran 16.44 13.51 12.98 245 2.81 37.02
Bojcin 42.57 4.48 17.57 43.49 11.38 30.61
Crni lug 45.26 3.79 70.05 22.99 6.90 58.86
Ritske sume 11.45 2.20 29.28 2.66 3.05 33.69
Zvezdara 22.86 3.18 | 24.38 15.42 1.33 | 26.46

4. CONCLUSION

In the soil of deciduous forests at all locations investigated ammonification
processes continue unhindered, which is suggested by the large numbers of
ammonifying microorganisms. Due to smaller numbers of ammonifying organisms,
weaker inflow of organic matter and its elemental composition (coniferous species,
oaks and poplars) as well as due to the C/N ratio, in forest parks which are
anthropogenically impaired, ammonification processes are slow. Humification
processes are predominant in the soil of all locations investigated. Small numbers
of actinomycetes at all locations imply that dehumification processes are performed
with difficulties and the formation of easily accessible plant assimilatives is
reduced. Preliminary research suggests that the ammonification process is most
significant in both humus synthesis and degradation for creation of plant
assimilatives (nitrogen, phosphorus, sulphur, etc.); therefore the measures
undertaken must be focused on ensuring normal and regular course of such
processes.

Selective logging in mixed stands should stimulate the selection of species
that will provide detritus of favorable humus composition. By opening canopies,
conditions are created for inflow of sunlight and soil warming. Adequate
temperatures of the soil and its water and air patterns have favorable effects on the
microbiological processes which will stimulate the inflow of plant assimilatives
and thus growth and yield.

Soil microorganisms and processes they participate in are causally related
to the environmental conditions. Soil microorganisms are very susceptible to any
anthropogenic influence, which results in their degradation.
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Monitoring of the numbers and activities of forest soil microorganisms
ought to enable our timely identification of disorders in the relevant ecosystem and
allow us to implement certain forestry and cultivation measures for the purpose of
indirect prevention of further degradation. In order to infer a conclusion on the
tendency, direction and extent of the soil degradation, and thus plant ecosystem
degradation, monitoring ought to be continued. Based on the results of years long
monitoring of the microbiological activity of forest soil, practical solution will be
proposed in the future as to what systems at relevant locations can be improved by
applying forestry cultivation measures. In this way, activities of soil microbe
communities will contribute to the stability and sustainability of the forest
ecosystems in the long term.
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MICROBIOLOGICAL ACTIVITY OF THE FOREST SOIL
IN THE AREAS WITHIN THE TERRITORY OF BELGRADE

Milorad VESELINOVIC, Vesna GOLUBOVIC-CURGUZ, Suzana MITROVIC,
Dragana DRAZIC, Nevena CULE, Biljana NIKOLIC, Porde JOVIC

Summary

Forest ecosystems rely on the process of natural matter ad energy circulation for
their survival. Within the process of matter circulation, soil microorganisms play a decisive
role in the biological circulation of nutrition elements, i.e. plant assimilatives, through the
process of organic matter (detritus) degradation via biosynthesis (humification) and
mineralization (dehumification), releasing plant assimilatives. In this way, nutritive matter
is returned to the forests, allowing the plants to survive and develop.

Development of appropriate physiological groups of microorganisms participating
in such processes and their biological activity are prerequisites of the forest ecosystem
stability. Their function in certain forest soil types with varying anthropogenic influence is
a significant stability factor for such soils.
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From May 2010 to April 2011, research in microbiological activity of forest soil
was conducted at 19 locations of forested areas in both state and private ownership in the
territory of Belgrade.

Preliminary research suggests that the ammonification process is most significant
in both humus synthesis and degradation for creation of plant assimilatives (nitrogen,
phosphorus, sulphur, etc.); therefore the measures undertaken must be focused on ensuring
normal and regular course of such processes.

Monitoring of the numbers and activities of forest soil microorganisms ought to
enable our timely identification of disorders in the relevant ecosystem and allow us to
implement certain forestry and cultivation measures for the purpose of indirect prevention
of further degradation. In order to infer a conclusion on the tendency, direction and extent
of the soil degradation, and thus plant ecosystem degradation, monitoring ought to be
continued.

MIKROBIOLOSKA AKTIVNOST SUMSKIH ZEMLJISTA
NA PODRUCJU BEOGRADA

Milorad VESELINO V1¢, Vesna GOLUBO VIC'-C'URGUZ,’Suzana M[TRQVIC,
Dragana DRAZIC, Nevena CULE, Biljana NIKOLIC, Porde JOVIC

Rezime

Na procesima kruzenja materije i energije u prirodi Sumski ekosistemi zasnivaju
svoj opstanak. U tom procesu zemljiSni mikroorganiozmi imaju odluéujuc¢u ulogu u
bioloSkom kruzenju elemenata ishrane — biljnih asimilativa. Oni se odvijaju kroz proces
degradacije organske materije (stelje) biosintezom (humifikacijom) i mineralizacijom
(dehumifikacijom) oslobadaju¢i biljne assimilative. Na taj nacin se Sumi vrazaju hranljive
materije koje omoguc¢avajuci biljkama u Sumi da opstanu i da se razvijaju.

Razvoj odgovarajuéih fizioloskih grupa mikroorganizama koji ucestvuju u ovim
procesima i njihova bioloska aktivnost je predpostavka stabilnosti Sumskih ekosistema.
Njihovo funkcionisanje u odredenim tipovima Sumskog zemljista razli¢itog antropogenog
uticaja, znacajno je za stabilnost takvih zemljista.

U periodu maj 2010. godine i april 2011. godine na podru¢ju Beograda vr$ena su
istrazivanja mikrobioloske aktivnosti Sumskih zemljista na 19 lokaliteta pod Sumom u
drzavnom i u privatnom vlasnistvu

Preliminarna istraZivanja ukazuju da je proces amonifikacije, najznacajniji kako u
sintezi tako 1 u razlaganju humusa za stvaranje biljnih asimilativa (azota, fosfora, sumpora i
dr.), pa i mera koje primenjujemo moraju biti usmerene da se ovakvi procesi odvijaju
normalno. Monitoring broja mikroorganizama i njihove aktivnosti u Sumskim zemljistima
treba da nam omogu¢i da na vreme uo¢imo poremecaje u tom sistemu i da odredenim
Sumsko uzgojnim merama posrednim putem spre¢imo dalju degradaciju. Da bi se doneo
zaklju€ak o tendenciji, pravcu i stepenu degradacije zemljiSta, a samim tim i ispitivanih
Sumskih ekosistema, istrazivanja treba nastaviti.
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MANALYSIS OF THE IMPACT OF INJURIES CAUSED
BY THE INFLUENCE OF MECHANICAL AND ABIOTIC FACTORS
ON THE OCCURRENCE OF HARMFUL FUNGAL ORGANISMS

Miroslava MARKOVIC', Snezana RAJKOVIC', Radoslav RAJKOVIC?

Abstract: The research described in this paper is focused on the occurrence of
pathogenic microorganisms on beech trees relative to the presence of tree injuries, with the
aim to ensure protection and preservation of this species in Serbia. The research was
conducted in eastern Serbia, in a hillside beech forest Fagetum moesiacae submontanum of
generative origin. The testing was carried out on two sites over 51 testing plots, with a total
of 829 trees and 21 species of identified fungi. On the first site it was found that the
appearance of fungi primarily depends on the presence of mechanical damage on trees (as
much as 73.46%,), while the presence of abiotic damage has almost no bearing (only
3.21%). On the second site there was a strong correlation link between the occurrence of
fungi and presence of mechanical damage - 51.88%, as well as between the fungi and
abiotic damage — 47.96%. The health condition of high beech stands was found to be
heavily dependent on careful and proper manipulation during harvesting, while each injury
inflicted on a beech live tree during logging opens the door to infection with pathogenic
microorganisms.
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AHAJIM3A YTULHAJA O3JIEJIA ITPOY3POKOBAHUX
JAEJCTBOM MEXAHUYKUX U ABUOTHNUYKUX ®AKTOPA
HA MIOJABYIITETHUX I''bBUBUYHUX OPTAHU3AMA

H3600: YV paody je ucmpaosicusan acnexm nojase namo2eHux MUKpPOOP2aHU3ama Ha
OyKo8oM Opeemy y OOHOCY HA NPUCYCMEO 031e0d HA CMAbauma, y yumy saumume U
ouyeara ose spcme y Cpouju. Hempascusarsa cy epuiena y ucmounoj Cpouju, y 6pockoj
wymu b6ykee Fagetum moesiacae submontanum, 2enepamusnoz nopexia. Mcnumusarem je
obyxgaheno 06a noxkamumema Ha 51 oenednoj napyenu, ca yxkynuo 829 cmabana u
KoHcmamosano je npucycmeo 21 epcma enmusa. Ha npeom noxanumemy KoHCmamogamo je
da nojasa 2muBa NPEEHCMBEHO 3ABUCU 00 HNPUCYCMBA MeXaHuyKkux owmehera Ha
cmabauma (wax 73.46%), a ecomoso yonwme muuje y 6e3u ca NpuUcycmeom aOUOMUYKUX
owmeherwa (céeca 3.21%). Ha Opyeom noxamumemy nocmoju jaka KopelayuoHa 6e3d
usmely nojage emwusa u npucycmea mexanuukux owmeheroa — 51.88%, xao u usmelhy emwusa
u abuomuyxux owmeherwa — 47.96%. Koncmamosano je da 3a 30pascmeeHo cmarbe
BUCOKUX OYKOBUX CACTOJUHA U3V3EMAH 3HAYA] UMA NAJIC/HLUBO U NPABUTHO MAHUNYIUCAIbE
NPUIUKOM cede, a c8aKa 031eda Ha Oykogum O0ybelium cmabiuma nouurseHa npu ceuu je
omeopen nym 3a 3apazy Namo2eHUM MUKPOOP2AHUSMUMA.

Kibyune peun: omrehema, criojbHa cpennHa, TJbUBE, OyKOBE IIyMe

1. INTRODUCTION

The strategy of preserving the biodiversity and genetic resources of
economically most valuable species of tress dictates that Serbia’s forestry should
primarily be concerned with preservation of the abundance of natural forests as a
national wealth (Milovanovic et al/ 2004). According to the internationally adopted
definition, sustainable forest management means “the stewardship and use of
forests and forest lands in a way, and at a rate, that maintains their biodiversity,
productivity, regeneration capacity, vitality and their potential to fulfil relevant
ecological, economic and social functions, and that does not cause damage to
other ecosystems” (MCPFE, Helsinki 1993, as cited in Medarevic et al 2008).

Serbia’s forest area relative to the global aspect is close to the world’s level
of 30%, but significantly below the European average of 46%. Out of the total
29.1% of forest area in Serbia, 7.1% is in Vojvodina whereas 37.6% of forests are
located in Central Serbia (Bankovic et al 2009). The national inventory of Serbia’s
forests in the total volume and bulk growth is dominated by beech, whose presence
amounts to 42.4%, or 32.3% (Bankovic et a/ 2000).

Due to their presence in the forest reserves of Serbia, beech forests
undoubtedly have the greatest significance. We can therefore conclude, quite
justifiably, that management of beech forests is a much more complex and difficult
task compared to management of any other tree species. In addition, available
references most frequently speak of the quality of tall beech forests in descriptive
and general terms — that it is unsatisfactory and in need of improvement
(Stojanovic & Krstic 2003, Koprivica et al 2009).
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The biological properties, ecological demands, natural distribution,
stewardship values and generally beneficial functions of beech forests, along with
their structure, make beech the basic tree species for Serbian forestry (Vuckovic et
al 2005), although the use of beech lumber on a wider scale is limited by its short
lifespan.

Beech wood is vulnerable and represents an excellent base for
development of numerous parasitic and saprophytic organisms, among which
primarily parasitic fungi and harmful insects. In beech coppice forests in Serbia,
the total of 147 species of fungi were found on beech trees, out of which 33 species
occur on crowns, fruits and young crop, 56 species occur on leaves and bark of the
branches and the trunk, whereas 58 species of fungi cause rot and coloration of
wood (Karadzic & Milijasevic 2005).

The cause of beech forests dieback is a consequence of simultaneous
negative impact of climatic (climate changes), management and biotic factors.
Among these a special place belongs to man, whose irrational exploitation of beech
forests resulted in Serbia’s area under forest being cut almost in half.
Deforestations of beech woodland that occurred in the past (in particular
immediately after World War II) were not at all conducted as regeneration
harvests, but almost exclusively for exploitation purposes. As a consequence of
such management practices, forests have become extremely sensitive to harmful
effects of numerous abiotic and biotic factors, notably parasitic fungi and harmful
insects among the latter. The problem of protection of beech forests is further
complicated by the occurrence of dangerous diseases and a large number of wood
destructors that start their development as parasites on living trees and continue as
saprophytes on timber (Tabakovic-Tosic & Markovic 2003, Miletic et al 2006,
Markovic et al 2011a, Markovic et al/ 2011Db).

This paper researched one aspect of occurrence of pathogenic
microorganisms on beech trees, with the aim to contribute to the most rational
approach to use of beech timber while preserving the beech stands in Serbia to the
maximum extent.

2. MATERIAL AND METHODS

The sites selected for research were the ones on which the observation
method revealed a large number of injuries on trees. The paper provides an analysis
of the impact of tree injuries on occurrence of pathogenic and epixylic fungi on live
trees in beech woodlands.

The research was carried out in the forest holding “Severni Kucaj” in
Kucevo, forest administration Kucevo, Eastern Serbia, in a hillside forest of
Fagetum moesiacae submontanum beech of generative origin. The first tested site
was located in the administration unit Majdan Kucajna, division 33. The second
site was in administration unit Crni Vrh, division 42, sections a and b. The research
included the total of 829 beech trees on 51 test plots.

The 500 m?” trial experimental plots were circular, placed in the stands at
100 x 100 m distances (according to the method described by Koprivica et al
2008). Each experimental plot included between 4 and 24 trees on site I, and
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between 8 and 27 trees on site II. Injuries noted on each tree were classified as
mechanic (injuries from felling and hauling during harvest) and abiotic (injuries
from wind, snow, ice, frost and excessive insulation that caused bark
inflammation). The methods used were those described by Koprivica & Matovic,
2005, Markovic et al 2007. In addition, any presence of pathogenic and epyxilic
fungi on trees was also noted. On the basis of the received data, statistical analysis
was conducted in order to determine the correlation link.

3. RESULTS AND DISCUSSION

Table 1 presents an overview of the fungi identified on site 1 according to
their frequency of occurrence. It is evident from the table that the first 4 fungi are
present in all experimental plots (noted on 12.6% to 29% of all trees), whereas the
presence of the latter 8 fungi was noted, on t he average, in only 4 plots and no
more than 0.3% to 0.9% of trees. The fungi with ordinal numbers 5 through 9 are
present on over 50% of experimental plots (or 6.5% to 11.1% of trees), while the
fungi with ordinal numbers 8 through 13 were identified on less than 50% of the
plots and spread on 1% to 20% of the tested trees.

Table 1 and table 2 presents fungi classified according to their significance,
where those with 3 stars represent dangerous fungi with high significance, the
fungi with 2 stars have medium significance, the fungi with one star have low
significance, and those without stars have no significance.

Table 1. Fungi identified on site I — Administration unit
Majdan Kucajna, division 33

Ordinal % plots on % trees on
numb:r Type of funeus Significance of which the which the
of funeus yp g fungus fungus is fungus is
2 present present

1 Apiognomonia errabunda ke 100.0 29.0

2 Coriolus sp. wx 100.0 24.6

3 Hypoxylon sp. ok 100.0 8.9

4 Stereum sp. ik 100.0 12.6

5 Diatrype stigma * 65.2 11.1

6 Fomes fomentarius ek 57.0 6.5

7 Trametes sp. ok 522 8.6

8 Diatrype disciformis ok 47.8 20.9

9 Nectria galligena ek 304 4.0

10 Armillaria mellea i 26.0 1.2

11 Lencites trabaea ok 17.4 1.8

12 Nectria coccinea i 8.7 1.2

13 Fomes igniarius ok 8.7 1.5

14 Pleurotus ostreatus ek 43 0.6

15 Poria obliqua ke 43 0.3
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16 Dedalea quercina ok 43 0.9
17 Exidia recisa * 43 0.3
18 Hydnum coraloides * 43 0.3
19 Auricullaria auricila judae - 43 0.3
20 Auricullaria mesenterica - 43 0.3
21 Bulgaria polymorpha - 43 0.6

Under the classification proposed by Karadzic 2003, the present fungi were
classified as follows:

*** fungi with high significance (the highest significance is given to fungi
that act that both as parasites and saprophytes, i.e. whose activity starts on
standing, live trees and then persists on dead trees, following the harvest). These
species of epyxilic fungi demonstrate a very high level of destruction and degrade
primarily lignin, as well as cellulose and hemicelluloses, but to a lesser degree.
Among the identified fungi, this group comprises Armillaria mellea, Fomes
fomentarius, Pleurotus ostreatus and Poria obliqua. Besides the above-named
wood-decay fungi, this group also includes the following pathogenic fungi:
Apiognomonia errabunda, Nectria coccinea and Nectria galligena).

**  fungi with medium significance (this group comprises the fungi that
cause a somewhat lower degree of destruction, but appear on both injured,
weakened trees and the freshly harvested ones). This group is represented by
Coriolus versicolor, Dedalea quercina, Diatrype disciformis, Hypoxylon sp.,
Stereum sp. and Trametes sp.

*  fungi with low significance (this group comprises the fungi that appear
on rotting trees, frequently causing their complete degradation). Among the
identified fungi, this group includes Exidia recisa, Hydnum sp. and Diatrype
stigma.

- fungi with no significance (representatives of this group identified on
the tested sites include Auricullaria auricula judae, Auricullaria mesenterica and
Bulgaria polymorpha).

Table 2. Fungi identified on site Il — Administration unit Crni Vrh,
division 42, sections a, b

Ordinal % plots on % trees on
number Type of fungus Significance of which t}.le which t}.le

of funcus fungus is fungus is
fungus g present present

1 Coriolus sp. ok 100.0 18.3

2 Apiognomonia errabunda ok 82.0 15.0

3 Hypoxylon sp. w 78.6 6.5

4 Nectria coccinea e 64.3 7.1

5 Nectria galligena ek 53.6 6.5

6 Diatrype stigma * 35.7 5.7
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7 Fomes fomentarius ek 21.0 2.2
8 Hydnum coraloides * 143 0.8
9 Stereum sp. ok 10.7 1.2
10 Diatrype disciformis ok 7.1 1.4
11 Armillaria mellea ok 7.0 0.6
12 Dedalea quercina wk 3.6 0.2

Table 3 presents the testing results for the total number of the present fungi
and the total number of mechanical and abiotic damage on site II.

One of the most significant fungi identified on the tested sites is Nectria
coccinea (Pers. Ex Fr.) Fries., which together with the insect Cryptococcus
fagisuga Lind. causes the so-called “beech bark disease”. On site I, this fungus was
found on 1.2% of trees or on 3 experimental plots (1,3 and 9), whereas on site I its
spread was much greater and covered 7.1% of trees or almost two-thirds of
experimental plots. This disease is lately being regarded as a major factor
compromising normal development of beech trees, which merits special attention
given the fact that it is spreading over ever-larger areas.

Table 3. Overview of attack by fungi and injuries on beech trees on site I —
Administration unit Majdan Kucajna, division 33

Number of fungi found
o
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12 1 3 4 2 3 5 0.42
24 1 4 5 3 4 7 0.29
9 1 3 4 2 3 5 0.56
11 1 3 4 1 3 4 0.36
16 1 5 6 8 1 9 0.56
9 1 4 5 6 2 8 0.89
16 4 6 10 15 6 21 0.06
12 4 6 10 20 9 29 242
23 6 9 15 27 4 31 1.35
15 1 6 7 3 1 4 0.27
21 2 6 8 17 9 26 1.24
18 3 6 9 21 3 24 1.33
8 1 5 6 14 2 16 2.00
11 2 6 8 15 3 18 1.64
19 2 6 8 11 10 21 1.11
4 1 5 6 4 1 5 1.25
15 3 5 8 16 42 20 1.33
9 1 4 5 9 6 11 1.22
23 4 8 12 19 7 25 1.09
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8 2 4 6 7 3 14 1.75
8 1 5 6 14 3 17 2.12
17 4 6 10 12 8 20 1.18
16 3 7 0 23 4 27 1.69

Measures undertaken against this fungus are classified into several
categories:

e Dbiological preventive measures, including use of predators and super-parasites
against insects (prior to infection with fungus),

e bio-control of the fungus by means of antagonists (once the infection occurs),

e silvicultural measures — removal of diseased trees (in advanced stages of the
infection),

e chemical measures, which are non-economical for forests and thus applied only
to parks and alleys of trees.

It is important to note that following the infection of beech trees with this
fungus, the necrotic bark sections very quickly get infested by wood-decaying
fungi and wood-destroying insects, which also play a role in rapid tree decay and
extinction of beech trees (Karadzic 2003, Ivkovic et al 2007).

The data presented in Table 3 served as basis for performance of a
statistical analysis — simple and multiple linear regression between all pairs in the
presented columns, and correlation matrixes made between columns X, v1, 2 and
y;, as well as columns Xx;, x5, X3 and x3/ x'. The correlation analysis clearly
demonstrates that in all cases there is a link between the number of trees (x) and
other columns. Next, there is a correlation link between the number of dangerous
fungi (y;) and other columns, with the exception of abiotic injuries (X,) and index
representing a quotient between the total number of injuries and the number of
trees (xs/x). The same applies to columns y, (other fungi), y; (total number of
fungi) and x; (mechanical injuries). Column x, has no correlation links with any
other column, whereas x; (the total number of mechanical and abiotic injuries) has
links to all columns except abiotic injuries (x,). Column x3/x (index) is not linked
to other columns, except to columns x; and x; (mechanical injuries and total
number of injuries).

This practically means that, on site I, the occurrence of fungi (both
dangerous and other) — column y; is primarily contingent upon the presence of
mechanical injuries - x; (as much as 73.46%), while the remaining 26.54% depends
on other factors — tree condition (susceptibility to disease), position inside the stand
(open trees or within a dense canopy, land elevation, geological base, etc.), climatic
conditions during the year that may or may not favour the development of fungi,
etc. On the other hand, statistical analysis of the data received from site I shows
that the occurrence of fungi is not linked to damage caused by activity of abiotic
factors (the correlation link is very low at 3.21%).

Therefore, careful and proper handling of trees during felling is critical for
the health condition of tall beech stands. Every injury sustained by live beech trees
during felling opens the door to infection by pathogenic microorganisms.

Condition on site II is presented in Table 4, which was the basis for
performance of a statistical analysis — simple and multiple linear regression
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between all pairs in the presented columns and correlation matrixes made between
columns X, V1, Y2 and ys, as well as columns X, X,, X3 and x5/ X'.

Statistical analysis of the obtained data demonstrated that on this site there
was a significant statistical link between all presented columns, as well as between
the number of abiotic injuries and occurrence of fungi. While this was not the case
on the previous site, it appeared here as a consequence of a large number of
injuries. The strongest correlation link was the one between the total number of
fungi and mechanical injuries (columns y; and x;), amounting to 51.88%. Another
strong link existed between the total number of fungi and abiotic injuries (columns
y3 and X;), only slightly weaker than the previous one at 47.96%. The links
between the number of dangerous and other fungi (y;, y,) and mechanical and
abiotic injuries (X;, X) were significant, ranging from 26.70% and 36.47%, where
the links between the fungi and mechanical injuries were stronger by roughly 2 to
5% than the links between the occurrence of fungi and abiotic injuries.

Table 4. Overview of attack by fungi and injuries on beech trees on site 1l —
Administration unit Crni Vrh, division 42, sections a, b

Number of fungi found —
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20 5 6 11 16 42 58 2.90
27 3 3 6 12 7 19 0.70
22 5 3 8 16 34 50 227
20 4 2 6 4 34 38 1.90
21 3 3 6 10 17 27 1.29
9 1 2 3 4 8 12 133
11 0 3 3 7 7 14 1.27
14 0 2 2 2 7 9 0.64
22 3 2 5 5 7 12 0.54
17 4 2 6 8 37 86 5.06
10 1 2 3 2 19 19 1.90
12 2 2 4 8 14 22 1.83
16 2 2 4 10 7 17 1.06
23 3 2 5 10 3 13 0.56
21 3 2 5 14 2 16 0.76
25 2 5 7 16 27 43 1.72
19 1 3 4 11 9 20 1.05
14 1 2 3 3 11 14 1.00
23 4 2 6 14 10 24 1.04
19 3 2 5 5 17 22 1.16
11 0 2 2 6 8 14 1.27
23 3 2 5 1 18 19 0.83
20 1 2 3 3 9 12 0.60
20 0 2 2 1 3 4 0.20
8 0 2 2 1 15 16 2.00
26 3 2 5 12 20 32 1.23
18 3 2 5 15 15 30 1.67
13 3 2 5 7 8 15 1.15
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This means that the occurrence of fungi (both dangerous and other fungi)
on the second site — column y; — was directly linked to the presence of mechanical
and abiotic injuries - x; and Xx,. In other words, the results obtained through
comparative analysis of sites I and II lead to conclusion that the number of injuries
is in fact the determining factor linking the occurrence of fungi and damage to
trees. On sites with fewer injuries the correlation links between the occurrence of
fungi and the injuries on trees are less strong, and vice versa.

It is a well-known fact that health status of the stands is contingent upon a
large number of factors, among which year-round climatic conditions must be
considered as one of the most critical. Rainy, humid and relatively warm weather
favours the activity of the fungi and increases the yield, and thus enables not only
faster colonization by the fungi but also more precise identification of the existing
microflora. It should also be noted that diagnosis of the disease is greatly impeded
by long incubation of the fungi colonizing vital trees, while primary symptoms
appear on the surface only after several years of attack (reproductive organs —
visible carpophores may not appear at all or their appearance might be extended
over a number of years). In addition to an accurate diagnosis, it is essential to make
a precise prognosis of the dynamics of development of pathological processes in
the plant. However, this prognosis cannot be determined with any reliable level of
accuracy for the upcoming calendar years, as climatic conditions are a determining
factor for the development of the infection. It is thus possible to make only a rough
prognosis, based on mapping the parts of the forest under attack according to the
destructor species and attack intensity, and use it as basis for planning the sanitary
and silvicultural activities.

Sanitation felling and other phytosanitary measures, which may or may not
be carried out in forests, certainly have a great impact on general health condition
of the stands. Proper stewardship can minimize the existing infections and thus
eliminate or greatly mitigate any new infection, which significantly contributes to
having the health status of the stands restored and maintained on a satisfactory
level.

4. CONCLUSIONS

On the first tested site, the occurrence of fungi primarily depended on the
presence of mechanical damage, where this link was quite strong with as much as
73.46%, while the remaining 26.54% were contingent upon other factors. On the
other hand, statistical analysis of the data received on the first site showed that the
occurrence of fungi had almost no connection to the presence of abiotic damage
(the correlation link was only 3.21%).

On the second site, there was a statistically significant difference between
all columns, as well as between the number of abiotic injuries and the occurrence
of fungi. This was not the case on the previous site, but appeared here as a result of
a large of number of injuries. The strongest correlation link was the one between
the total number of fungi and the mechanical injuries, amounting to 51.88%. The
link between the total number of fungi and abiotic injuries was also strong at
47.96%, whereas the links between the number of dangerous and other fungi on
one hand and mechanical and abiotic injuries on the other, ranging 26.70% to
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36.47%, may be considered significant. This effectively means that the occurrence
of fungi on the second site was directly linked to the presence of both mechanical
and abiotic injuries.

Based on the results of the comparative analysis of the two sites, the
number of injuries may be identified as the determining factor linking the
occurrence of fungi and the damage on trees. On sites with fewer injuries the
correlation links between the occurrence of fungi and the injuries are less strong,
and vice versa.

Careful and proper handling of trees during felling is critical for the health
condition of tall beech stands. Every injury sustained by live beech trees during
felling opens the door to infection by pathogenic microorganisms. Proper
stewardship may minimize the existing infections and thus eliminate or greatly
mitigate any new infection, which significantly contributes to having the health
status of the stands restored and maintained on a satisfactory level.
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ANALYSIS OF THE IMPACT OF INJURIES CAUSED BY THE
INFLUENCE OF MECHANICAL AND ABIOTIC FACTORS ON THE
OCCURRENCE OF HARMFUL FUNGAL ORGANISMS

Miroslava MARKOVIC, Snezana RAJKOVIC, Radoslav RAJKOVIC
Summary

The research was conducted in eastern Serbia, in a hillside beech forest Fagetum
moesiacae submontanum of generative origin. The testing was carried out on two sites over
51 testing plots, with a total of 829 trees and 21 species of identified fungi. On the first site
it was found that the appearance of fungi primarily depends on the presence of mechanical
damage on trees (as much as 73.46%), while the presence of abiotic damage has almost no
bearing (only 3.21%). On the second site there was a strong correlation link between the
occurrence of fungi and presence of mechanical damage - 51.88%, as well as between the
fungi and abiotic damage — 47.96%.

On the first tested site, the occurrence of fungi primarily depended on the presence
of mechanical damage, where this link was quite strong with as much as 73.46%, while the
remaining 26.54% were contingent upon other factors. On the other hand, statistical
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analysis of the data received on the first site showed that the occurrence of fungi had almost
no connection to the presence of abiotic damage (the correlation link was only 3.21%).

On the second site, there was a statistically significant difference between all
columns, as well as between the number of abiotic injuries and the occurrence of fungi.
This was not the case on the previous site, but appeared here as a result of a large of
number of injuries. The strongest correlation link was the one between the total number of
fungi and the mechanical injuries, amounting to 51.88%. The link between the total number
of fungi and abiotic injuries was also strong at 47.96%. This effectively means that the
occurrence of fungi on the second site was directly linked to the presence of both
mechanical and abiotic injuries.

Based on the results of the comparative analysis of the two sites, the number of
injuries may be identified as the determining factor linking the occurrence of fungi and the
damage on trees. On sites with fewer injuries the correlation links between the occurrence
of fungi and the injuries are less strong, and vice versa. The health condition of high beech
stands was found to be heavily dependent on careful and proper manipulation during
harvesting, while each injury inflicted on a beech live tree during logging opens the door to
infection with pathogenic microorganisms.

AHAJIM3A YTUHAJA O3JIEJA ITPOY3POKOBAHUX JEJCTBOM
MEXAHUYKHUX 1 ABUOTHYKHUX ®AKTOPA HA ITIOJABY IITETHUX
I''bUBUYHUX OPTAHU3AMA

Mupocnasa MAPKOBU'R, Crexcana PAJKOBUR, Padocnas PAJKOBUR
Pe3ume

HctpaxuBama cy BpuieHa y ucrounoj Cpouju, y Opuckoj mymun Oykse Fagetum
moesiacae submontanum, TEHepaTHUBHOT mopekia. VcmmruBameMm je oOyxBaheHo [1Ba
nokanuTteta Ha 51 ornemHoj maprenu, ca yKymHO 829 crabama M KOHCTaTOBaHO je
mpucyctBo 21 Bpcra TipMBa. Ha mpBOM JOKandWTETy KOHCTaTOBAaHO j€ Na TI0jaBa TJbHBA
MIPBEHCTBEHO 3aBHCH O] IPUCYCTBA MEXaHWYKHX omTehema Ha crabmuma (dak 73,46%), a
TrOTOBO YOIIITE HHje y BE3M ca MpUCYycTBOM abmoTmukux omrtehema (cBera 3,21%). Ha
JPYTOM JIOKQJIMTETy TIOCTOjJH jaka KOopesiallMoHa Be3a u3Mel)y MmojaBe rJbHMBa M MPHUCYCTBA
Mexannukux omrehema — 51,88%, kao u u3mely rbmBa um abuotmukux omrehema -
47,96%.

Ha mnpBoM HCHHMTHBaHOM JIOKQJIUTETY, I0jaBa I'JbHBa IPBEHCTBEHO 3aBHUCH O]l
TIPUCYCTBAa MEXaHWUKKX omrehema — Be3a je jaka, n3HocH 4ak 73,46%, a ocranux 26,54%
3aBUCH Of Apyrux ¢akropa. HacympoT ToMe, craTucTHUKa aHaiM3a JOOMjeHHX MOAaTaKa
Ha TPBOM JIOKAJWTETy MOKasyje Ja IojaBa TJbHBa TOTOBO Jla YONIITE HHUje y BE3HW ca
MIPUCYCTBOM abnoTHukux omrehema (Kopenauona Be3a u3Hocu ceera 3,21%).

Ha npyrom nokanuTeTy mOCTOjU 3HAYajHA CTATHCTHYKA Be3a m3Mel)y CBHX KOJIOHA,
na u u3Mel)y Opoja abmormukux omrehema W MojaBe TJbUBA, LITO HUje OMO Ciyyaj ca
MPETXOIHO MPUKA3aHUM JIOKAJTHUTETOM, a IITO je Y OBOM CJIy4ajy MOCIEANIIa BETUKOT Opoja
omrehema. Hajjaua kopenanmoHa Be3a moctoju wu3Mel)y ykymHor Opoja TJpMBa H
MexaHnukux omrehema m m3Hocu 51,88%. Besa wmsmelly ykymHor Opoja ribMBa U
abuornukux omrehema je Takohe jaka 1 nuzHocu 47,96%. To mpakTUYHO 3HAYM Ja je 10jaBa
IJbMBA Ha JIDYTOM JIOKAJIHMTETY, Y AMPEKTHO] BE3M Ca NPUCYCTBOM M MEXaHHUYKUX H
abnortnukux omrehema.

AKo ce mocMarpajy pesynraTtd JOOWjeHH yIOpeTHOM aHAIM30M IMpPBOT U JPYror
JIOKaNnTeTa, Moke ce pehn aa je onpenespyjyhu dakTop Koju 10BOIM y Be3y IMOjaBy IJbHUBa
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u omrehema Ha crabnuma ynpaBo Opoj omrehema. Ha nokanurernma ca Mamum Opojem
omTtehema kopenanuone Be3e usMel)y mojaBe rybMBa U O3JIe[a Ha cTabiiuMa cy ciabuje u
o0puyTo. KoHcTaroBaHO je Ja 3a 3IpaBCTBEHO CTAambE BUCOKHX OYKOBHX CacTOjUHA
M3y3eTaH 3HAa4ya] UMa MaXJbUBO WM MPABUIHO MAHUIYJIHCAKE MPUIMKOM Cedye, a CBakKa
o3nena Ha OykoBuUM nyOehimMm crabmima MOYHMEbEHA MPH CEYM je OTBOPEH ITyT 3a 3apasy
MaTOreHUM MHUKPOOPraHU3MHUMA.
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BOLESTI I OSTECENJA SEMENA U KULTURI
HIMALAJSKOG BORA GAJENOG NA DEPOSOLU

Izvod: Iz mlade Sumske kulture Pinus wallichiana osnovane na ilovastom
deposolu, sakupljeno je oko 100 poluzrelih Sisarica. U laboratorijskim uslovima
indukovano je otvaranje njihovih plodnih ljuspi i ispadanje semena. Broj oStecenih semenki
i vrsta oSteCenja kao i ukupan i prosecan broj semenki po SiSarici utvrdeni su na
populacionom i individualnom nivou. Intenzitet oStecenja iskazan je u %. Analize za
determinaciju prisutnih gljiva kao i intenziteta njihovog napada uradjene su postavljanjem
semena na hranljivu MEA podlogu i viazan filter papir u petri posudama. Radi utvrdivanja
prisustva insekata sakupljane su Sisarice, sa vidljivim oStecenjima, na terenu. Sisarice su
zatim pregledane u laboratoriji i stavljane u fotoeklektori radi daljeg gajenja.

Kljuéne reéi: Pinus excelsa, Himalayan pine, Penicillium, Alternaria, Dioryctria
abietella

1. INTRODUCTION

Himalayan pine (Pinus wallichiana A. B. Jacks.) is a conifer whose areal

spreads over southern and western Himalayas, eastern Afghanistan, north-east
Belugistan, northern Burma and Yunnan province in China. In the Himalayas it
appears in pure and mixed stands, on the elevation between 2,000 and 2,000
meters. It is the second most important tree species in the Himalayas, following the
Himalayan cedar. It has wide ecological amplitude, with the elevation border of
1,800 — 3,500 meters above the sea level. The Himalayan pine grows up to 50 m in
height. The bark on the trunk of fully grown trees has scale-like cracks while the
crown is in the shape of a pyramid, in particular in solitary trees, whose branches
drop to the ground. The needles and cones of this five-needle pine are
exceptionally long (Vidakovic 1982), which further contributes to its decorative
value, and it is therefore frequently encountered in parks in this region.
Himalayan pine is characterized by fast growth, early flowering and seed
production, high resistance to frost in urban conditions (Bunusevac 1959) and high
resistance to fungal disease Cronartium ribicola and entomological damage from
Pissodes strobi, both far more frequent causes of disease of its North American
kin, Eastern white pine, Pinus strobus L. (Vidakovicl982 and the quoted
references).

In Serbia, the Himalayan pine may be encountered in parks in major cities
or around homes as solitary trees or in smaller groups. Although it grows best on
deep, fresh soils, the stands of this species also grow well and have a solid
increment on more barren soils, damaged by exploitation of coal (Drazic, 1997).
Several authors have already studied the group and individual variability of this
species in park plantations in our conditions, related to speed of growth and
increment, flowering, seed production and adaptability (Milojevic-Nikolic 1991,
1992; Milojevic 1989; Nikolic 1996, 1997), as well as on the success of
establishing and developing artificial cultures on deposits of strip mines (Nikolic et
al, 1998, 2004). Moreover, there are preliminary results regarding individual
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resistance of grown trees of Himalayan pine to some phytopathological diseases of
seeds and sprouts (Golubovic — Curguz and Nikolic, 1999). In order to undertake
appropriate measures, knowledge on pest bionomics is vital because of trophic
links of certain species of insects, cultures and pine stands. Economically
significant types of moths are lately appearing in masses, which may lead to total
destruction of seed harvest and consequently make it impossible for forests to
regenerate naturally.

2. MATERIAL AND METHODS

In a 25-year-old forest culture of Himalayan pine, spreading over an area
on 0.9 ha and grown on loamy deposol, deposit of lignite strip mine in Kolubara
Mining Basin, Barosevac locality, in the second half of September approximately
10 semi-ripe cones were collected from 10 trees each. Under laboratory conditions
(in a dry chamber at 35° C), opening of cone scales and dropping of seed grains
were induced over the following month. In this process, substantial damages from
insects and fungi were found on cones and seeds. The number of damaged seeds
and the types of damage, as well as the total number of seeds per cone, were tested
on the individual level (for each tree separately) and population level (the average
of all trees). The intensity of damage was expressed in percentages (the number of
damaged cones versus the total number of cones). Seed production was expressed
in the number of seeds per cone.

Laboratory analyses of the health condition of seeds brought from the field
were conducted in the Institute of Forestry. The seeds were first sterilized in Na
hypochlorite with 1.5% content of active chlorine, and then rinsed out three times
in sterile water and placed in Petri dishes. The bottom of the Petri dishes was lined
with double layers of filter paper soaked in 20 ml of sterile water. The second
portion of the seeds was placed into Petri dishes with nutritious MEA bed, five
seeds per dish. All Petri dishes with seeds were placed in the thermostat at the
temperature of 22 + 1° C. After that the control of present microflora was
conducted, where their morphological appearance was determined along with the
ability for seed production on artificial beds and the size of seed-bearing bodies
and reproductive organs.

The keys used for determination of fungi keys were by B.C. Sutton (The
Coleomycetes, 1980), J.V. Carmichael et al (Genera of Hyphomycetes, 1980) and
R.W.G. Dennis (British Ascomycetes, 1978).

The collected cone samples were examined in the laboratory of the
Division for Plant Protection of the Institute of Forestry. The samples containing
moth caterpillars were cultivated for imagos. Upon eclosion the imagos were
destroyed, preserved and identified. The preserved units and photographic
documentation is kept in the archive of the Institute of Forestry in Belgrade.
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3. RESULTS
3.1. Seed damages caused by the presence of fungi

Seed damages caused by the presence of fungal organisms were recorded
in 18.28% of cones (on the average) with very high individual variability (in 0-50%
of cones per tree) (Graph 1). Even though the microscopic examination revealed no
symptoms of disease in seeds of trees number 1, 3, 4 and 5, samples from all trees
were placed onto nutritious beds. Laboratory analysis confirmed that only the seed
from tree no. 1 is free from the presence of fungi. Seeds from other analyzed trees
showed presence of fungi from genera Alternaria, Fusarium, Penicillium,
Trichothecium (tab. 1). The most frequently found were fungi from the genus
Penicillium (in 50.4% of the analyzed seeds), while the least frequent were fungi
from the genus Fusarium (3.5% of the analyzed seeds).

FITOPATOLOSKO OSTECENJE SISARICA
Pinus wallichiana A.B.Jacks
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Graph. 1. Individual and average damages of cones by fungi

Table 1. The intensity of the presence of fungi on seeds of the analyzed trees

Ordinal number The intensity of the presence of fungi (%)
of trees Alternaria Penicillium Trichothecium Fusarium
2 2.7 9.9 3.5
3 - 8.6 3.7 -
5 - 7.4 - 1.5
6 2.4 - - -
7 - 6.8 - 0.7
8 2.3 7.1 1.0 1.3
9 - 6.5 - -
10 2.9 4.1 -

3.2. Entomological contamination of seeds

Visible entomological damages on seeds were recorded in almost one-third
of the harvested cones (31.31%, on the average), with even higher individual
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variability (in 0 — 80% of cones per tree) (Graph 2) than the phytopathological
damages.

The presence of moth Dioryctria abietella (Denis & Schiffermuller 1775),
or Fir Coneworm, was determined in the tested material.

D. abietella of the order Lepidoptera, family Pyralidae, sub-family
Phycitine, tribe Pictini (Karsholt et al. 2009). In the European fauna this family
counts about one hundred species, whereas in our country approximately thirty
have been recorded (Mihajlovic, 1978). This species belongs to the group of
primary pests that feed on the cones and seeds of conifers. D. abietella is primarily
the pest of the genus Picea but also frequent on species of the genus Pinus, Abies,
Larix and Pseudotsuga.

D. abietella is among the 14 insect species that are the greatest pine pests,
out of the total of 71 phytophagous species whose presence was found on species
of the genus Pinus in Serbia (Mihajlovic, 2008).

This moth has a wingspan of 25-30 mm. The front wings are ash-colored
with white wavy cross black-lined stripes, while the back wings are whitish-grey.
D. abietella does not express sexual dimorphism. This species of injurious moths
has one generation per year. The moths swarm during the summer months of June
and July. Females lay one or more eggs onto the cone base. Caterpillars are
reddish-brown with a dark head and shield and dark stripes, up to 25mm long.
Upon hatching the caterpillars dig their way into cones, which is followed by
abundant discharge of resin that may be connected to cobwebs and excrement
(picture 1).

Picture 1. Diorydria aietella—damaged cone of Pinus wallichiana
(photo: K. Mladenovi¢)

In certain years, in the absence of yield of a host plant, caterpillars may
also develop in chermes galls and in newly grown increments. Due to its nutritive
content, feeding on cones provides fir coneworm caterpillars the best conditions for
development (Trudel et al, 1999). The cones get bitten into by one or more
caterpillars. Caterpillars feed from the end of June until September on fertile scales
and parts of seed. As a result of the damage, cones change their color to brown and
remain on branches until autumn. In October caterpillars exit the cones by biting
out round openings and move into the surface layer of the soil to spend the winter.
In spring they undergo the pupae stadium.
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ENTOMOLOSKO OSTECENJE SISARICA
Pinus wallichiana A.B.Jacks.
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Graph. 2. Individual and average damages of cones by insects
3.3. Seed Production
A single cone contained between 14 and 142 seeds (on the average 78

seeds, Graph 3). The average number of seeds in cones of individual trees varied
from 56 to 102.

BROJSEMENKIU SISARICAMA
Pinus wallichiana A.B.Jacks

120,0

100,07 -

. ﬁ 7

Nimiine

N 7

fwleoo 20
i 000
ARARARAAANN
AR
Ui

1 2 3 4 5 6 7 8 9 10
Stablo (broj)

Graph. 3. Average production of seeds on individual and population levels

The comparison of results obtained from individual trees of the degree of
damage (Graph 1, Graph 2) and seed production (Graph 3) was inconclusive and
did not support the assumption of a significant link between phytopathological and
entomological damages or their impact on seed production.
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4. DISCUSSION

The results obtained through testing the contamination of Himalayan pine
seeds have confirmed a significant presence of phytopathological and
entomological damages. However, only in a few cases may it be assumed (but not
concluded) that such damages had a substantial impact on seed production. The
reasons lie in the fact that the abundant flowering and seed production by forest
trees are under strong genetic control and consequently subject to extreme
individual variations (Anderson 1965; Ehrenberg 1963; Krstini¢ 1976; Milojevi¢
1989; Nikoli¢ et al, 2004). It has already been found that in mother trees, from
which this forest culture was established, the number of seeds is in significant
positive correlation with the cone length (Milojevi¢, 1989). It is also known that
the conifers have different individual responses to influences of the environment in
the period of flowering and seeding (Lindgren et al, 1977). Climatic conditions in
the period of seed development may also intensify the development of diseases and
damage-causing insects. (Golubovié¢ Curguz et al, 2010).

The appearance and spreading of diseases on forest seeds and fruits depend
primarily on external factors, place and manner of harvesting, the quality, way of
processing, and finally methods and conditions of storing. Seeds get infected easily
if the seed capsule is damaged. Fungi inhabit seeds and fruits in trees as well as
later on, during the processing and storing phases. The results of laboratory
analysis of the presence microflora on seeds have confirmed the presence of
various parasitic fungi of genus Penicillium, which are often found on the surface
of the seed and under certain conditions may penetrate not only cotyledons and
endosperm of the seeds and cause a disease that spreads over to saplings and leads
to damping-off. Seeds of conifers are particularly vulnerable, and the most
dangerous fungi are those from the genus Fusarium. Similar results were obtained
by Peno and Popovi¢ (1969) in their research on the presence of microflora in
seeds of various types of pine and its impact on seed germination. The species they
isolated most frequently were from genera Alternaria, Mucor, Rhizopus,
Aspergillus, Penicillium, Trichotecium, Stemphylium, Paecilomyces, Thamnidium,
Arthrobotrys and Fusarium. According to Timonin (1964), fungi from genera
Alternaria,  Aspergillus,  Penicillium,  Cladosporium,  Cephalosporium,
Chaetomium, Gliocladium, Aureobasidium and Trichoderma were isolated from
seeds of various species. Based on the analysis of seed health condition, Lazarev et
al (2003) determined that the fungi that predominate on the seeds harvested in
registered seed facilities in Serbia are those from the genera Aspergillus and
Penicillium.

According to Medngen et al (1996) and Vukojevi¢ i Duleti¢-Lausevic
(2004), pathogenic agents of disease of seeds and fruits may spread the infection
through undamaged surfaces, through undamaged surfaces from the nearby
affected seeds through other parts of the plants, or through injuries. Physiological
injuries caused by the external factors may also create conditions for the
development of pathogens.

In practice it is extremely difficult to prevent infections of seeds and fruits
(cones) during their development on trees. Only in the phases of harvesting,
processing and storing the seeds does it become possible to prevent the
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development and spreading of pathogenic fungi. Nonetheless, harvesting and
sorting of cones from non-infected trees are considered to be the main measures of
protection against agents of numerous diseases. In case of registered presence of
diseases on cones and seeds, the recommended course of action is to separate and
destroy the infected units, harvest the healthy ones, avoid mechanical damages
during harvesting, transportation, sorting, cleaning and removal of moldy parts as
centers of infection (Lazarev et al, 2003).

5. CONCLUSIONS

Measures of protection against agents of diseases in seeds include the
following: keeping (storing) sufficient quantities of dried and healthy seeds in dry,
well-aired premises at adequate air temperatures; removal of dirt and damaged
seeds; storing of seeds in hermetically closed containers at the temperature of 0 to
5°C; avoiding mechanical damages to seeds during harvesting and processing;
frequent control of stored seeds, disinfection of seeds, tools, packaging, hermetical
containers for keeping and storing of seeds.

In order to obtain healthy seeding material of high quality, seeds need to be
disinfected prior to harvesting by applying preparations in dry or wet form. Over
the last decade chemical and biological measures are being combined. The
biological measures artificially introduce relevant antagonists that prevent the
development of parasitic fungi into the soil (Ozbay and Newman, 2004).

D. abietella is an economically significant pest in cultures and stands of
spruce, pine and fir. D. abietella is considered to be the most dangerous species for
pine seed stands (Mihajlovi¢, 2008). Cones attacked by this species have irregular
development. Mechanical damages to seeds occur due to moths feeding on the
cones. Caterpillar bites cause abundant discharge of resin, and as a consequence the
cones under attack do not open. In certain years this pest develops massively. D.
abietella causes major damage while drilling its way into sprouts, which results in
irregular growth of the attacked tree.

Pest control can be done mechanically, before the attacked cones fall off or
immediately thereafter, but still before the caterpillars going into the soil for the
winter exit the cones. Chemical treatments may be administered during the flight of
imago, in June and July.
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DISEASES AND INJURIES OF HIMALAYAN PINE SEED FROM CULTURE
GROWN ON DEPOSOL

Vesna GOLUBOVIC CURGUZ, Katarina MLADENO VIC,
Biljana NIKOLIC, Snezana RAJKOVIC

Summary

From young forest culture of Pinus wallichiana, which was established on loamy
deposol, about one hundred of nearly ripe cones were harvested. Opening of cone scales
and dropping of seed grains in laboratory conditions were induced. Damages caused by the
presence of fungi organisms in 18.28% of cones (in average) were recorded, with expressed
individual variability (0-50%). The most often present were fungi prom genus Penicillium
(50.4%), Alternaria and Trichothecium, while the rarest ones originated from genus
Fusarium (3.5%).
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On the cone entomological damage caused by feeding moth Dioryctria abietella
are determined which belongs to the most important pine pests of 71 phytophagous species
whose presence is found in species on genus Pinus, for the area of Serbia. Changes caused
by this species of moth were recorded in almost every third cones (31.31%) were recorded,
with much more expressed variability between genotypes (0-80%).

Although phytopathological and entomological damages on the cones of
Himalayan pine were significant, the degree to which they affected the seed production
cannot be determined with certainty, because the abundance of flowering and seed bearing
in forest trees are under strong genetic control.

In practice it is very difficult to prevent infection of seeds and fruits (cones) as
well as the attacks of insects during their development on the trees. Collecting cones with
non-infected trees and their selection, as well as the destruction of the infected ones are the
main protective measures in the seed processing. Measures to protect seeds from diseases
include several measures: keeping of seeds (and cones) dry and healthy, ventilation of
rooms specified for keeping cones and seeds and avoiding mechanical damages of cones
and seeds during their collection and processing. In order to obtain better quality and
healthier plant material it is necessary to disinfect seeds before planting by applying
chemical or biological products.

D. abietella can be controlled by mechanical and chemical means. For mechanical
control attacked cones must be collected from trees or the land immediately after the
decline and before larva leave the track. Gathered cones must be cremated. Chemical
treatment must be made by contact insecticides during the flight of imago, in June and July.

BOLESTI I OSTECENJA SEMENA U KULTURI
HIMALAJSKOG BORA GAJENOG NA DEPOSOLU

Vesna GOLUBOVIC CURGUZ, Katarina MLADENO VIC,
Biljana NIKOLIC, Snezana RAJKOVIC

Rezime

Iz mlade Sumske kulture Pinus wallichiana osnovane na ilovastom deposolu,
sakupljeno je oko 100 poluzrelih SiSarica. U laboratorijskim uslovima indukovano je
otvaranje njihovih plodnih ljuspi i ispadanje semena. OStecenja semena usled prisustva
gljiviénih organizama evidentirana su kod 18.28% $§iSarica (u proseku), sa jako izraZenom
individualnom varijabilnosc¢u (0-50%). Na semenu sa analiziranih stabala konstatovane su
gljive iz slede¢ih rodova Alternaria, Fusarium, Penicillium, Trichothecium. Najée$ce su
konstatovane vrste gljiva iz roda Penicillium (na 50.4% analiziranog semena), a najmanje
su bile prisutne gljive iz roda Fusarium (3.5% analiziranog semena).

Na SiSaricama su utvrdena entomoloSka oSte¢enja izazvana ishranom leptira
plamenca Dioryctria abietella koji pripada grupi najznacajnijih Stetocina bora od ukupno
71 fitofagne vrste Cije je prisustvo utvrdeno na vrstama roda Pinus kod nas. Promene koje
izaziva ova vrsta leptira evidentirana su kod gotovo svake treée Sisarice (31.31%) sa jo$
jace izrazenom varijabilno$¢u izmedu genotipova (0 — 80%).

Mada su fitopatoloska i entomoloska oStecenja na semenu himalajskog bora
znacéajna, ne moze se sa sigurno$c¢u utvrditi u kom su stepenu uticala na produkciju semena,
jer su obilnost cvetanja i radjanja semena kod $umskog drveca pod jakom genetskom
kontrolom.

U praksi je vrlo tesko spreciti infekcije semena i plodova (SiSarki) kao i napade
insekata za vreme njihovog razvoja na drvecu. Sakupljanje SiSarki sa nezarazenih stabala i
njihovo prebiranje, kao i uniStavanje zarazenih u postupku dorade su glavne zastitne mere.
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Mere zastite od uzro¢nika bolesti semena obuhvataju vise mera: ¢uvanje dovoljno
prosusenog i zdravog semena (SiSarki) u suvim, ventilisanim prostorijama, izbegavanje
mehanickog oste¢ivanja semena pri sakupljanju i doradi.

Da bi se dobio $to kvalitetniji i zdraviji sadni materijal potrebno je uraditi
dezinfekciju semena pre setve primenom hemijskih (odabir preparata za zastitu vrsi se u
skladu sa postoje¢om nacionalnom zakonskom regulativom) ili bioloskih preparata .

Suzbijanje D. abietella se vr§i mehanicki i hemijski. Za mehani¢ko suzbijanje
potrebno je napadnute SiSarke, koje su promenile boju, sakupiti sa stabla ili ili zemljista
neposredno po opadanju a pre no §to ih gusenice napuste. Sakupljenje SiSarke spaliti..
Hemijsko tretiranje izvrsiti kontaktnim insekticidima tokom leta imaga, u junu i julu.

122



INSTITUTE OF FORESTRY « BELGRADE
INSTITUT ZA SUMARSTVO + BEOGRAD

SUSTAINABLE FORESTRY ODRZIVO SUMARSTVO
COLLECTION 65-66, 2012 ZBORNIK RADOVA 65-66, 2012

UDK 630*453 Lymantria dispar L+630%443.2 Pollacia elegans (Vuill.) Fabr.]:228.7 Poplar spp.=111
Original scientific paper

SENSITIVITY OF SEVEN CLONES OF POPLAR TO THE ATTACK BY
CATERPILLARS OF GYPSY MOTH (Lymantria dispar L.)
AND FUNGUS Pollacia elegans (Vuill.) Fabr.
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Abstract: Presence of herbivorous insects, Lymantria dipar (L.) caterpillars and

pathogen Pollacia elegans (Vuill.) Fabr. on seven poplar clones was estimated on a short
rotation plantation which was established near Junkovac (MB Kolubara).
The highest percentage of trees with Gypsy moth caterpillars present was found in clones
“Panonija” and “1214", although the percent is twice lower in the latter clone. In clones
produced by hybridization of Populus nigra and P. maximowicziii and “Koltay”, the
number of trees with Gypsy moth caterpillars varied between 1% and 2.5%, and the lowest
value was recorded in clone “Muhle Larsen”. The fungus Pollacia elegans was mostly
present in clones produced by hybridization of Populus nigra and P. maximowicziii “Max
17, “Max 27, “Max 3", while its presence was significantly lower in clones “Koltay and
“Panonia”. The presence of this pathogen was recorded in less than 5% of plants in clones
“I1214” and “Muhle Larsen”.
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OSTELJIVOST SEDAM KLONOVA TOPOLE NA NAPAD GUBARA
(Lymantria dispar L.) I GLJIVE Pollacia elegans ( Vuill. ) Fabr.

Izvod: U plantazi sa kratkom ophodnjom koja je osnovana u blizini Junkovca (RB
Kolubara) istrazivano je prisutvo gusenica gubara Lymantria dipar (L.) i patogena
Pollacia elegans (Vuill.) Fabr. na sadnicama sedam klonova topole. Najvisi procenat
stabala sa prisutnim gusenicama gubara nalazimo kod klona ,, Panonija“ i ,,I 214, mada
Je taj procenat kod drugog klona duplo nizi. Kod klonova nastalih hibridizacijom Populus
nigra i P. maximowicziii i ,,Koltay“, broj stabala sa gusenicama gubara je varirao od 1
do 2,5% a njanizu vrednost belezimo kod klona ,, Muhle Larsen . Gljiva Pollacia elegans je
najprisutnija kod kolonova nastalih hibridizacijom Populus nigra i P. maximowicziii,
SMax 17 ,Max 2%, ,,Max 4°, dok je znacajno manje prisutna kod klona , Koltay* i
,,Panonia“. Prisustvo ovog patogena belezimo na manje od 5% biljaka kod klonova
L1214 0, Muhle Larsen “.

Kljuéne reéi: Klonovi topole, plantaze kratke ophodnje, Lymantria dipar,
Pollacia elegans, preferenca

1. INTRODUCTION

Under the Kyoto protocol, Serbia same as European countries has to reach
the target of a 20% share of the energy mix by renewable energy sources by the
year 2020. In order to meet that obligation, at the tailings ponds of Kolubara open
pit mine, where recultivation by afforestation has been carried out for more than 40
years (Veselinovi¢, 2006), intensive research is conducted on opportunities for the
production of biomass for energy purposes (Drazic et al. 2005, 2006, 2007, 2011,
Mitrovi¢ et al., 2011). Short rotation coppices (SRC) will be one of the solutions.
SCR is established with the primary goal of producing biomass for energy. The
technology of the SRC is more like agriculture than forestry. Harvesting of wood
stands would be every 2-10 years (rotation cycle), and depending of tree species,
trees can be cultivated over a period of 30 years or more. Biomass product is wood
chips which can be utilized for energy production. Raw material can be utilized for
briquette or pellet production. Poplar is one of the species with high rate of
biomass production, are appealing as short-rotation woody crops (Coyle et al.,
2006).

The production of biomass in poplar plantations may be compromised by
numerous abiotic and biotic factors. Among the abiotic factors, the greatest damage
may be caused by low or high air temperatures as well as lack of humidity in the
soil. Among the biotic factors, great damages to poplar plantations may be caused
by numerous species of insects (Mihajlovi¢, 2008) and plant diseases (Karadzi¢,
2010) specific for this genus of trees, but also certain polyphagous species such as
Gypsy moth. The negative effect of abiotic factors may be avoided by proper
selection of the habitat on which a plantation is to be established. In the
establishment of plantations the selection of species should depend on their
production characteristics as well as their sensitivity to the most significant
diseases and pests. Populus species are among the types of trees on which Gypsy
moth likes to feed (which may cause major damage and even jeopardize their
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survival if defoliation should recur for several years in a row). However, different
species of the same genus of host may differ significantly in preferences and
performances of Gypsy moth caterpillars (Milanovi¢, 2010). We therefore took the
opportunity to determine the feeding preference of Gypsy moth caterpillars on
seven various poplar clones in a spontaneously infected experimental plantation so
that in the future we could recommend the ones least preferred by the Gypsy moth.

In the experimental plantation symptoms of disease caused by the fungus
Pollaccia elegans Servazzi were noted. The perfect stadium of this fungus is
known as Venturia populina (Vuill.) L. Fabricius. This species occurs on black
poplars (sections Aigeiros, Tacamahaca) and causes spring loss of leaves in
poplars. It is most damaging in nurseries and young cultures. It attacks leaves and
young branches of poplars, where in the early stages of the disease the edges of
leaves turn first yellow and then black. Necrosis usually spreads over one-third of
the area of the leaf, which warps and eventually falls offs. The falling off
commences in early spring, which is why the disease was named “spring loss of
leaves”. The fungus simultaneously attacks the branches and the buds, whose tissue
darkens, the branch wilts, breaks and falls off. Spreading of the disease is
facilitated by rainy spring and temperatures between 15 and 25° C. In spring, the
infected leaves and branches become hosts for development of pseudothecia, and in
them of asci with ascospores that carry out the primary infection. Following the
primary infection through ascospores, a conidian form develops on the leaves and
conidia continue spreading the disease. Since the sensitivity to pathogens of
different species of the genus Populus may vary (Hsiang and van der Kamp, 1985;
Pinon, 1992), we wanted to determine the frequency of symptoms of P. elegans on
different clones in this experimental plantation.

2. MATERIAL AND METHODS

In the experiment for researching the opportunities for production of
biomass on degraded areas of REIK Kolubara, in March 2012 an experimental
plantation of willow, alder, birch and various poplar clones was established on
locality Junkovac. The experimental plantation was set up between two windbreak
belts dominated by coniferous tree species. The subject of our research was the
presence of caterpillars of Gypsy moth (Lymantria dispar L.) and spring loss of
leaves caused by the fungus Pollacia elegans on seedlings of various poplar clones.
There was a total of 7 poplar clones on the plantation, as follows: “Max 17, “Max
2” and “Max 4” (Populus nigra x P. maximowiczii), “I 214”, “Panonija” and
“Koltay” (Populus nigra x P . deltoides) and then clone “Muhle Larsen” (Populus
trichocarpa).

The inspection conducted in late May determined the number of trees with
present Gypsy moth caterpillars, the number of trees with the symptoms of the
fungus Pollacia elegans, and the total number of trees in a single row. As the take
of the plants was incomplete, the number of seedlings with the Gypsy moth or with
symptoms of Pollacia elegans was expressed in percentages. The number of
inspected rows varied from 12 to 24 per a researched poplar clone, and the number
of seedlings per row was 23, with four rows per one plot.
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Statistical data processing included the analysis of covariance (ANCOVA)
with the type of clone as the variable and the distance of the plot from the edge of
the forest as the covariance. The intention of the analysis was to take into
consideration the effect of the distance of the experimental plot from the edge of
the forest as a potential source of infection on the number of trees with Gypsy moth
caterpillars and with the fungus Pollacia elagans. The significance of differences
between the observed poplar clones in the number of trees with Gypsy moth or
fungus Pollacia elegans was determined by means of Tukey HSD test (a=0,05).

3. RESULTS OF THE RESEARCH

Table 1 presents the results of the analysis of covariance (ANCOVA) for
the number of trees with Gypsy moths and symptoms of fungus P. elegans in a
plantation of different poplar clones. The distance of the experimental plots from
the windbreak belt did not have any statistically significant impact on differences
in the number of trees with the presence of Gypsy moths and symptoms of P.
elegans. The results of ANCOVA have shown that the type of clone had
significantly impacted the observed parameters.

Table 1. Analysis of covariance ANCOVA for observed parameters

Effect — = Lymlsl[nstria dispalz - = Poll;;:isa ele an; -
Intercept 1 360,83 360,83 4,45 | 0,0369 5644,87 5644,87 | 55,25 | 0,0000
Clon 6 5622,02 937,00 | 11,55 | 0,0000 13925,86 2320,98 | 22,72 | 0,0000
Distance 1 61,14 61,14 0,75 | 0,3869 315,53 315,53 3,09 | 0,0813
Error 123 9974,73 81,10 12565,83 102,16
Total 130 15598,81 27394,25

Table 2 presents the mean values and standard errors for the observed
parameters. The highest percentage of trees with present Gypsy moth caterpillars
was found in the clones “Panonija” and “1214”, although that percent is twice
lower in the latter clone. In clones produced by hybridization of Populus nigra and
P. maximowicziii “Max 17, “Max 27, “Max 4” and “Koltay”, the number of trees
with Gypsy moth caterpillars varied between 1% and 2.5%, with the lowest value
noted in the clone “Muhle Larsen”.

Table 2. Number of repetitions, Mean value and Standard errors (Mean + SE) for

observed parameters
Clone Lymantria dispar Pollacia elegans
N Mean+SE Mean+SE
Panonia 24 18,00+2,877¢ 9,59+1,439ab
1214 23 9,65+3,094b 3,05+1,382a
Max I 12 2,54+1,130ab 23,50+3,542¢d
Max IT 12 1,09+0,568ab 35,02+4,682d
Max IV 12 1,09+0,780ab 28,80+2,194d
Koltay 24 1,634+0,574a 17,57+2,800bc
Muhle Larsen 24 0,91+0,522a 4,89+1,511a

Mean values within column with same letter are not significantly different (Tukey HSD test, 0=0,05)
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The fungus Pollacia elegans is most present in clones produced by hybridization of
Populus nigra and P. maximowicziii “Max 17, “Max 27, “Max 47, while its
presence is significantly lower in clones “Koltay” and “Panonia”. The presence of
this pathogen is noted in less than 5% of plants in the clones “I214” and “Muhle
Larsen”.

4. DISCUSSION

In Gypsy moths, newly hatched caterpillars are responsible for the
dispersion and selection of the host, when they may travel great distances carried
by the wind, depending on the wind speed and the height from which they were
moved, where this passive movement may be repeated multiple times until the
larva lands on a suitable host and commences feeding (Mason & McManus, 1981).
Second-stage larvae easily cross the filaments with which they get attached to the
branches of the host plant and can also move to a new host with the help of wind
(Leonard, 1967), so those may also be used for testing the suitability of the host.
Acceptance of a plant as the primary host is a complex process that depends on
physiological features (Lazarevi¢, 1994; Lazarevi¢ et al, 1994; Milanovi¢ et al,
2008) and the genotype (Lazarevi¢, 2000; Lazarevi¢ et al., 2002) of the herbivore
itself, as well as on physical and chemical properties of the potential host (Foss &
Rieske, 2003).

Caterpillars use various physical and chemical characteristics of their host
plant in order to locate them (Schoonhoven, 1973). Their sense of sight
differentiates colors, and in the search for food they prefer green to brown color
(Smitley et al., 1993). Among different nuances of green they choose lighter
shades. This may be linked to aging of the leaves, where the content of tannin
increases during vegetation (Feeny, 1970) and the leaves turn darker. Gypsy moth
caterpillars are more attracted to a darker than a lighter trunk, and to trunks that are
wider in diameter, which was determined by using plastic modules for trunk
simulation (Roden et al.,1992). Although the sense of sight helps caterpillars locate
the trees or herbaceous plants, it is still not developed enough to have a crucial role
in recognition of plants, which is supported by the fact that the process is carried
out in complete darkness (Schoonhoven, 1973). Chemical senses, which are well-
developed in insects, not only lead the monophagous organisms to their specific
feed but also help the polyphagous species, such as Gypsy moth, differentiate
between various types of plants. Chemoreceptors included in the process of finding
a host plant are located on the antennae and parts of the mouth apparatus of the
herbivore, so that they test the suitability of food by tasting it. Since the analysis of
covariance showed that the position of the plot on which a certain clone was
planted had no effect on the number of trees with Gypsy moth, it may be concluded
that stay on a host and commencement of feeding was conditioned by the chemical
content of leaves and their physical characteristics. This claim is supported by the
findings by Gruppe et al. (1999) who mention the increased content of defense
matter in the leaf of the clone “Muhle Larsen”, whose leaves was, according to our
results, least frequently chosen as feed by the Gypsy moth caterpillars. The
increased content of defense matter certainly impacts the resistance of plants to
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diseases, and thus this clone also demonstrated high resistance to infections by the
fungus P. elegnas.

In British Columbia, P. trichocarpa, P. balsamifera and many of the T x D
hybrids are susceptible. Other hybrids in section Tacamahaca are less susceptible.
Some commercially utilized T x D clones such as 49—177 and T x M hybrids are
known to be resistant; in the latter case the resistance is conferred by the P.
maximowiczii parent. Elsewhere in North America, disease incidence records are
from poplars in section Tacamahaca, while in Europe and India, poplars in
Aigeiros are also reported as hosts (Newcombe & van Oosten, 1997).

Heavy levels of disease in hybrid T x D plantations on Vancouver Island
and the lower Columbia River have necessitated the replacement of susceptible
clones by more resistant ones (Newcombe &van Oosten, 1997).

In Europe, according to Karadzi¢ (2010), clone 1214 demonstrates high
resistance to this fungus.

5. CONCLUSIONS

Based on the obtained results, it may be concluded that among the tested
clones there are difference in susceptibility to the pathogen P.elegans and
preferences of Gypsy moth caterpillars.

The found differences are not random and do not depend on the potential
source of infection.

Clones “Max 17, “Max 27, “Max 4” are least frequently selected for
feeding by Gypsy moth caterpillars, besides the clones “Muhle Larsen” and
“Koltay”. On the other hand, all these clones, with the exception of “Muhle
Larsen”, register a much higher presence of the pathogen Pollacia elegans
compared to the clones u odnosu na klonove “I1214” and “Panonija”.

In our research, resistance to attack by the pathogen Pollacia elegans is
expressed in the following order: “Muhle Larsen” > “I214” > “Panonija” >
“Koltay” > “Max 17> “Max 4” > “Max 2”.

The general conclusion is that the clone “Muhle Larsen” is the least
susceptible to browsing by Gypsy moth caterpillars and to the attack by the
pathogen Pollacia elegans, and as such may be recommended for establishment of
energy plantations.
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SENSITIVITY OF SEVEN CLONES OF POPLAR TO THE ATTACK BY
CATERPILLARS OF GYPSY MOTH (Lymantria dispar L.) AND FUNGUS Pollacia
elegans (Vuill.) Fabr.

Slobodan MILANOVIC, Zlatan RADULOVIC, Milorad VESELINOVIC,
Suzana MITROVIC, Katarina MLADENOVIC

Summary

Presence of herbivorous insects, Lymantria dipar (L.) caterpillars and pathogen
Pollacia elegans (Vuill.) Fabr. on seven poplar clones was estimated on a short rotation
plantation which was established near Junkovac (MB Kolubara).

The present study was carried out in the first year of the first rotation period after
establishing of plantation. The highest percentage of trees with Gypsy moth caterpillars
present was found in clones “Panonija” and “I1214”, although the percent is twice lower in
the latter clone. In clones produced by hybridization of Populus nigra and P. maximowicziii
“Max 17, “Max 27, “Max 4” and “Koltay”, the number of trees with Gypsy moth
caterpillars varied between 1 and 2.5%, and the lowest value was recorded in clone “Muhle
Larsen”. The fungus Pollacia elegans was mostly present in clones produced by
hybridization of Populus nigra and P. maximowicziii “Max 17, “Max 27, “Max 3”, while its
presence was significantly lower in clones “Koltay”and “Panonia”. The presence of this
pathogen was recorded in less than 5% of plants in clones “I1214” and “Muhle Larsen”.

The obtained results lead to the conclusion that there are differences between the
tested clones related to the sensitivity to the pathogen Pollacia elegans and the preference of
Gypsy moth caterpillars. The found differences were not random and did not depend on the
distance from the potential source of infection. The general conclusion is that the clone
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“Muhle Larsen” is least sensitive to browsing by Gypsy moth caterpillars and to attack of
the pathogen Pollacia elegans and that as such it can be recommended for establishment of
energy plantations.

OSTELJIVOST SEDAM KLONOVA TOPOLE NA NAPAD GUBARA
(Lymantria dispar L.) I GLJIVE Pollacia elegans (Vuill.) Fabr

Slobodan MILANOVIC, Zlatan RADULO VIC, Milorad VESELINOVIC,
Suzana MITROVIC, Katarina MLADENOVIC

Rezime

U plantazi sa kratkom ophodnjom odredeno je prisutvo gubara Lymantria dipar
(L.) 1 patogena Pollacia elegans (Vuill.) Fabr. Na sedam klonova topole. Istrazivanje je
vrseno tokom prve godine, prve ophodnje nakon podizanja plantaze. Najvisi procenat
stabala sa prisutnim gusenicama gubara nalazimo kod klona ,,Panonija“ i ,,I 214“, mada je
taj procenat kod drugog klona duplo nizi. Kod klonova nastalih hibridizacijom Populus
nigra 1 P. maximowicziii ,Max 1%, ,Max 2% ,Max 4“ i ,Koltay“, broj stabala sa
gusenicama gubara je varirao od 1 do 2,5% a njanizu vrednost belezimo kod klona ,,Muhle
Larsen”. Gljiva Pollacia elegans je najprisutnija kod kolonova nastalih hibridizacijom
Populus nigra 1 P. maximowicziii, ,Max 1%, ,Max 2, ,Max 4, dok je znatajno manje
prisutna kod klona ,,Koltay* i ,,Panonia“. Prisustvo ovog patogena belezimo na manje od
5% biljaka kod klonova ,,1214* i , Muhle Larsen®.

Na osnovu dobijenih rezultata moze se zakljuéiti da medu testiranim klonovima
postoje razlike u osetljivosti prema patogenu Pollacia elegans i prefernci gusenica gubara.

Ustanovljne razlike nisu slucajne i ne zavise od distance potencijalnog izvora
zaraze.

Na osnovu dobijenih rezultata se moze zakljuCiti da postoje razlike medu
testiranim klonovima u odnosu na njihovu osetljivost prema patogenu Pollacia elegans i
prefreniji gusenica gubara. Ustanovljene razlike nisu slucajne i ne zavise od udaljenosti
potencijalnog izvora zaraze. Generalni zaklju¢ak je da klon ,, Muhle Larsen” najmanje
podlozan brstu gusenica gubara i napadu patogena Pollacia elegans i kao takav se moze
preporuciti za podizanje energentskih plantaza
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GYPSY MOTH, Lymantria dispar (L.), AND ITS NATURAL ENEMIES
IN THE FORESTS OF CENTRAL SERBIA

Mara TABAKOVIC-TOSIC!

Abstract: In central Serbia, a total of 88 species which are natural enemies of the
gypsy moth, i.e. 23 predators, 49 parasitoid insects and 10 saprophagous insects, and 6
pathogens, has been reported. The most abundant of them are the insects which attack the
gypsy moth in the larval instar (41 species). Regarding the number of the species, the
representatives of the Hymenoptera (14 species from Ichneumonidae family and 11 species
from Braconidae family) and Diptera orders (12 species from Tachinidae family and 8
species from Sarcophagidae family) are most frequent. Regarding the predators of the
gypsy moth, Carabidae family, from Coleoptera order, is most frequent. In addition, at
some sites Lymantria dispar nucleopolyhedrosis virus and Entomophaga maimaiga had the
dominant role in the reduction of the gypsy moth density.

Key words: the gypsy moth, predators, parasitoids, pathogens

GUBAR, Lymantria dispar (L.), | NJEGOVI PRIRODNI NEPRIJATELJI
U SUMAMA CENTRALNE SRBIJE

Izvod: U centralnoj Srbiji do danas je utvrdeno ukupno 88 vrste prirodnih
neprijatelja gubara, i to 23 predatora, 49 parazitoida, 10 vrsta koje se ponasaju kao
saprofagi i parazitoidi, te 6 patogena. U navedenom broju najzastupljeniji su insekti koji
parazitiraju larveni stadijum gubara (41 vrsta). Po broju zastupljenih vrsta, najvise je
pripadnika redova Hymenoptera (12 vrsta iz familije Ichneumonidae i 1liz familije
Braconidae) i Diptera (12 vrsta iz familije Tachinidae i 8 iz Familije Sarcophagidae). Od
predatora gubara, najzastupljenija ja familija Carabidae iz reda Coleoptera. Takode, u
pojedinim podrucjima Lymantria dispar nucleopolyhedrosis virus i entomopatogena gljiva

'Ph.D Mara Tabakovi¢-Togié, Principal Research Fellow, Institute of Forestry, Kneza Viseslava 3,
11000 Belgrade, Serbia, mara.tabakovic@gmail.com
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Entomophaga maimaiga imali su dominantnu ulogu u smanjenju brojnosti gubara u
stadijumu larve.

Kljuéne rije€i: gubar, predatori, parazitoidi, patogeni

1. INTRODUCTION

The gypsy moth (Lymantria dispar L.), insect in the order Lepidoptera, is
one of the most dangerous pests of broadleaf forests and orchards. It is
characterised by a high reproductive capacity, considerable ecological plasticity
and polyphagia. It occurs periodically in high numbers (outbreak). Although it is
found on four continents (North Africa, Asia, Europe, North America), the greatest
damage is caused to the forests of the Balkan Peninsula, which have all favourable
environmental conditions for the gypsy moth development, and it often occurs in
outbreaks.

Biological control, as the part of the forest integrated protection, is defined
as the use of natural enemies (parasitoids, predators, and pathogens) to regulate or
control pests. Various strategies have been used for the enhancement of biological
control agents. Classical biological control is simply a special case of a general
pattern in which populations are regulated by density-dependent processes, a major
class of which involves predator-prey or parasitoid-host interactions.

Recent emphasis on the development of an integrated control program for
the gypsy moth has necessitated an understanding of its mortality-causing
biological agents. Throughout the holarctic region there is a wide range of natural
enemies of this insect. The diseases caused by viruses, bacteria or fungi contribute
to the decline of gypsy moth populations. For example, baculovirus — Lymantria
dispar nucleopolyhedrosis virus (LdNPV) is specific to the gypsy moth, the most
devastating natural disease, and it causes a dramatic collapse of outbreak
populations by killing both the larvae and pupae. Infection by LdNPV is the most
common source of mortality in high density populations and LdNPV epizootics,
since it usually causes the collapse of host populations (Evans, 1986; McCoy et al.,
1988).

Second example is the entomopathogenic fungus Entomophaga maimaiga
Humber, Shimazu & Soper (Entomophtorales: Entomophtoraceae) which was
isolated and described as the natural enemy of the gypsy moth in Japan, where it
causes the periodical epizootias. It is also spread in some parts of China and the
Russian Far East (Hajek et al., 2005). In spite of the fact that it was introduced in
North America in 1910-1911 (Speare and Colley, 1912), its presence in the natural
populations of gypsy moth was determined only in 1989 (Hajek et al., 1996), when
the pathogen caused pandemic in several countries (Andreadis and Weseloh, 1990;
Hajek et al., 1990; Reardon and Hajek, 1998; Smitley et al., 1996). Today
Entomophaga maimaiga is a very significant pathogen of gypsy moth in North
America and Canada (Balser and Baumgard, 2001; Hajek, 1997; Hajek et al., 2005;
Hoover, 2000; Howse and Scarr, 2002).

Bulgaria has been the third country in the world and the first one in Europe
in which Entomophaga maimaiga was introduced successfully (Pilarska et al.,
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2000). The first epizootics of it occurred in 2005 (Georgiev et al., 2007, 2010;
Pilarska et al., 2006). This species is also present in oak forests in some Serbian
regions (Tabakovi¢-Tosi¢ et al., 2012a, 2013- in press).

This paper presents the author's published and unpublished results of survey of the
natural enemies (predators, parasitoids and pathogens) of the gypsy moth in Central
Serbian forests, supplemented by available published results of other authors.

2. MATERIALS AND METHODS

Central Serbia, the area where the occurrence, population size and intensity
of the adverse effects of the natural hosts of the gypsy moth were studied, is
located in the centre and southeastern part of Republic of Serbia. It covers an area
of about 55,000 square kilometers. It is located between 42 and 45 degrees
northern latitude and between 19 and 23 degrees eastern longitude.

In Central Serbia, forests cover an area of 2.1 million hectares (37,6% of
the total area), of which 51% is the state property and 49% is the private property,
timber volume amounts to 333 million m® (59.2% in state forests and 40.8% in
private forests), and volume increment is 3.9 m’/ ha™ (56.6% in state and 43.4% in
private forests); broadleaves account for 86.9% of the total timber volume (beech
43.9%, oaks 26.3%, other broadleaves 29.8%) (Bankovi¢ et al., 2009).

Every year over the last twenty years period, in all broadleaf forests, a
survey of main predators, parasitoids and pathogens was conducted from April to
late November during studies of the population dynamics and outbreaks of the
gypsy moth (Tabakovi¢-Tosi¢ et al., 2002; Tabakovi¢-Tosi¢, 2004, 2006, 2011).

The studies of the presence and density of the main predator species of the
gypsy moth were conducted by using the methods, typical for some families to
which the insects belong.

The detailed quantitative and qualitative studies of the parasitisation rate of
the sampled egg masses were conducted in the laboratory of the Institute of
Forestry, and, depending on the observed parameter, either ocular method or
method of the survey by using binocular magnifier was applied. From each egg
mass, 100 randomly sampled, previously cleaned eggs, were placed in the specially
prepared test tubes. The emergence of the imago parasitoids was reported every
day until the end of the process.

The field-collected larvae and pupae were grown under the laboratory
conditions in the climate chamber. During the all laboratory experiments,
temperature and light conditions were constant (temperature 21°C, light regime - 8
hours night, 16 hours a day).

The studies of the presence of entomopathogenic viruses, bacteria and
fungi in the dead gypsy moth larvae were conducted in the field and laboratory
conditions. In the field conditions the characteristic symptoms of some diseases
were identified by using ocular method, while in the laboratory conditions, they
were identified by dissection of the dead larvae and the microscope survey
(Tabakovi¢-Tosi¢ et al., 2012).
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3. RESULTS AND DISCUSSION

Natural enemy populations have the unique ability to interact with their
prey or host populations and to regulate them at lower levels than would occur
otherwise. Some are effective at extremely low prey levels, other only at higher
levels.

In biological control parlance, natural enemies are referred to as
parasitoids, predators or pathogens. Parasitoids may have one (univolutine), two or
more generations to one of the host (multivolutine), and they tend to attack only
one host stage, although there is also some overlapping in certain cases — adult
insects do not serve as hosts very often (Debach, 1974). Predatory insects differ
from parasitic ones since the larvae or nymphs, as the case may be, require several
or many prey individuals to attain maturity.

Pathogenic microorganisms attack insects and have life cycles more or less
characteristic of similar micro-organisms developing in other groups of animals.
Insects are probably subject to as wide a variety of diseases. A number of
pathogenic microorganisms — viruses, bacteria, fungi, and microsporidia (for
example: Lymantria dispar nucleopolyhedrosis virus, Bacillus thuringiensis
Berliner, Entomophaga maimaiga Humber, Shimazu & Soper, Nosema lymantriae
(Weiser), Nosema serbica Weiser) — infect the gypsy moth (Pilarska and Vavra,
1991; Sidor, 1979; Stiles et al., 1983; Tabakovi¢-Tosi¢, 2008; Tabakovi¢-ToSi¢ et
al., 2011a,b; Weiser, 1998). The epizootics of them are often spectacular, and
mortality is most prevalent during gypsy moth outbreaks.

Based on the literature data, a total of 81 species which are natural enemies
of the gypsy moth, i.e. 17 predators, 49 parasitoids, 10 saprophagous insects, and 5
pathogens, have been reported in Central Serbia (Table 1). The parasitoids which
attack the larval instar of the gypsy moth are most frequent (31 species), followed
by the predators of the gypsy moth eggs (12 species), the parasitoids of the pupae
of the host (13 species), saprophages and parasitoids of the same instar (10
species), predators of the larvae 5 species), parasitoids of the gypsy moth eggs (5
species), pathogens of the larvae (5 species) (Table 1).

During the observed period, in the gypsy moth populations, the activity of
59 natural enemies of this insect - twenty-one predators, twenty-nine parasitoids,
seven parasitoids or saprophagy and two pathogens -was reported. The gypsy moth
eggs were attacked by thirteen species of the predators, larvae by six species, and
larvae and pupae by two species.

There were three parasitoids species of the gypsy moth eggs, nineteen
parasitoids species of the gypsy moth larvae, and seven parasitoids species of the
gypsy moth pupae. Parasitoids or saprophages of gypsy moth pupae were
represented by seven species. Two pathogenic species (LdNPV and Entomophaga
maimaiga) has been identified. (Table 1).

Table 1. Natural enemies of the gypsy moth in the forests of Central Serbia

Gypsy moth Significance

Natural enemies Instar Literature sources Personal
research

PREDATORS

Trombidium holosericeum (Linnaeus, 1758) | egg | 4+ | T
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Gypsy moth Significance

Natural enemies Instar Literature sources f:::::lcﬂ
[Acari: Trombiculidae] [9, 11]* [6]**
Forficula auricularia Linnaeus, 1758 +++ +++
[Dermaptera: Forficulidae] csg [9, 11] [6]
Dermestes lardarius Linnacus, 1758 ++
[Coleoptera: Dermestidae] ceg ] [3]
Dermestes erichsoni Ganglbauer, 1904 +++ ++
[Coleoptera: Dermestidae] ces (11, 12] [1,2,3,6]
Megatoma pici Kalik, 1952 +++ ++
[Coleoptera: Dermestidae] ces [11, 12] [1,2,3,6]
Megatoma pubescens (Zetterstedt, 1828) ++ +
[Coleoptera: Dermestidae] ces [11,12] [6]
Megatoma undata (Linnaeus, 1758) ++ +
[Coleoptera: Dermestidae] ceg [9,11] 6]
Ctesias serra (Fabricius, 1792) ++

[Coleoptera: Dermestidae] ces [11,12] )
Globicornis nigripes (Fabricius, 1792) ++ +
[Coleoptera: Dermestidae] ces [11,12] [6]
Julistus floralis (Olivier, 1790) +++ +
[Coleoptera: Cantharidae] ces [9,11,12] [1,2,3,6]
Malachus bipustulatus (Linnaeus, 1758) +++ +
[Coleoptera: Cantharidae] ceg [11, 12] [6]
Podisus maculiventris (Say, 1832) + "
[Heteroptera: Pentatomidae] ces [11,12]

Formica rufa Linnaeus, 1758 ++ +
[Hymenoptera: Formicidae] ces [4,9] [6]
Carabus latus Dejean, 1826 +
[Coleoptera: Carabidae] ces ) [3, 6]
Silpha quadripunctata Schreber, 1759 larvae ++ +++
[Coleoptera: Silphidae] [11,12] [6]
Xylodrepa quadripunctata (Linnaeus, 1758) larvae + )
[Coleoptera: Silphidae] [9]

Carabus coriaceus (Linnaeus, 1758) larvac ) +
[Coleoptera: Carabidae] [1,2,3,6]
Carabus cancellatus (Linnaeus, 1758) larvae ++ +
[Coleoptera: Carabidae] [9,12] [1,2,3,6]
Carabus cavernosus Frivaldsky, 1837 larvae ) +
[Coleoptera: Carabidae] [1,2,3,6]
Carabus intricatus (Linnaeus, 1758) larvac ) ++
[Coleoptera: Carabidae] [1,2,3,6]
Carabus scabriusculus bulgarus Lapouge,

+

1908 larvae - [1,2,3, 6]
[Coleoptera: Carabidae] T
Calosoma sycophanta (Linnaeus, 1758) larvae/pupae +++ +++
[Coleoptera: Carabidae] [5,9,12,19] [1,2,3,6]
Calosoma inquisitor (Linnaeus, 1758) larvac/pupac ++ ++
[Coleoptera: Carabidae] [9,12] [1,2,6]
PARASITOIDS
Anastatus japonicus Ashmead, 1904 +++ ++
[Hymenoptera: Eupelmidae] ces [9, 12, 20, 21] [1,2,3,4,6]
Qoencyrtus kuwanae (Howard, 1910) +++ +++
[Hymenoptera: Encyrtidae] ces [9,12] [1,2,3,4,6]
Qoencyrtus tardus (Ratzeburg, 1844) +

[Hymenoptera: Encyrtidae] ces [9] ]
Qoencyrtus masii (Mercet, 1921) +

[Hymenoptera: Encyrtidae] ces [9] )
Eremioscelio lymantriae Masnil, 1958 ++ +
[Hymenoptera: Scelionidae] ces [9,12] [6]
Casinaria tenuiventris (Gravenhorst, 1829) larvae + +
[Hymenoptera: Ichneumonidae] 9,12,20] [6]
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Phobocampe disparis (Viereck, 1911) larvae ++ +
[Hymenoptera: Ichneumonidae] [8,9,10, 12,13, 20] [6]
Phobocampe pulchella (Thomson, 1887) larvae +++ ++
[Hymenoptera: Ichneumonidae] [9, 12] [6]
Apanteles glomeratus (Linnaeus, 1758) larvac + +
[Hymenoptera: Braconidae] [9] [3, 6]
Apanteles lacteicolor Viereck, 1911 larvae ++ +
[Hymenoptera: Braconidae] [9, 10,12, 23] [3,6]
Cotesia melan.oscela (Ratzeburg, 1844) larvae ET:J;’ 6.7.8.9. 10, 12, 13, 20, ++
[Hymenoptera: Braconidae] 21, 23] [1,2,3,6]
Cotesia ocneriae (Ivanov, 1898) larvae + +
[Hymenoptera: Braconidae] [7,9,10, 12, 23] [6]
Cotesia scabricula (Reinhard, 1880) larvae + +
[Hymenoptera: Braconidae] [9, 12] [6]
Cotesia spuria (Wesmael, 1837) larvac + )
[Hymenoptera: Braconidae] [9, 12]
Protapanteles liparidis (Boucek, 1834) larvae ++ ++
[Hymenoptera: Braconidae] [1,8,9, 12,20, 23] [1,2,3,6]
Protapanteles porthetrie Muesebeck, 1954 larvae ++ ++
[Hymenoptera: Braconidae] [6,9,10,12,17,20, 21, 23] [6]
Protapanteles fulvipes (Haliday,1834) larvac + +
[Hymenoptera: Braconidae] [9, 12] [6]
Meteorus versicolor (Wesmael, 1835) larvac + +
[Hymenoptera: Braconidae] [8,9,10, 12] (6]
Meteorus gyrator (Thunberg, 1822) larvae + )
[Hymenoptera: Braconidae] [9]
Eulophus slovacus Boudek, 1959 larvae + )
[Hymenoptera: Eulophidae] [9]
Cirrospilus pictus (Nees, 1834) larvae + )
[Hymenoptera: Eulophidae] [9]
Elachertus charondas (Walker, 1839) larvac + )
[Hymenoptera: Eulophidae] [9]
Euplectrus liparidis Ferriere, 1941 larvae + +
[Hymenoptera: Eulophidae] [9] [6]
Sympiesis sericeicornis (Nees, 1834) larvae + )
[Hymenoptera: Eulophidae] [9]
Exorista larvarum (Linnaeus, 1758) larvae +++ +
[Diptera: Tachinidae] [4, 12, 14, 22] [3, 6]
Il’ggc;;etzgena silvestris (Robineau-Desvoidy, lvac S —
[Diptera: Tachinidae] (4, 12,13, 14, 15, 17] [6]
Phorocera agilis (Robineau-Desvoidy, 1830) larvac + )
[Diptera: Tachinidae] [9]
Blondelia nigripes (Fallen, 1810) larvae + )
[Diptera: Tachinidae] [1,9,12,16]
Compsilura concinnata (Meigen, 1824) larvae +++ +
[Diptera: Tachinidae] [1,9,12,14,15,16,17,22] [3,6]
Drino inconspicua (Meigen, 1830) larvae + )
[Diptera: Tachinidae] [9, 12, 14, 16, 22]
Carcelia lucorum (Meigen, 1824) larvac + -
[Diptera: Tachinidae] [9]
Carcelia gnava (Meigen, 1824) 4
Syn. Senometopia separata (Rondani, 1859) larvae ++
[Diptera: Tachinidae] 9,12, 16,22, 24]
Senometopia susurrans (Rondani, 1859) larvae + )
[Diptera: Tachinidae] [9, 12, 14]
Zenillia libatrix (Panzer, 1798) larvae + )
[Diptera: Tachinidae] [9, 16]
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Blepharipa pratensis (Meigen, 1824) larvae +++ ++
[Diptera: Tachinidae] [1,4,9,12, 14,16, 17, 22] [1,2,3,6]
Blepharipa schineri (Mesnil, 1939) larvac ++ +
[Diptera: Tachinidae] [9, 12, 14, 16, 22] [6]
Gregopimpla inquisitor (Scopoli, 1763) +

[Hymenoptera: Ichneumonidae] pupac [12,20] )
Acropimpla didyma (Gravenhorst,1829) +

[Hymenoptera: Ichneumonidae] pupae [9] )
Apechtis compunctor (Linnaeus, 1758) pupac + )
[Hymenoptera: Ichneumonidae] [9, 12, 20]
Apechtis capulifera (Krichbaumer, 1887) ac + )
[Hymenoptera: Ichneumonidae] pup [9]
Apechtis rufata (Gmelin, 1790) +

[Hymenoptera: Ichneumonidae] pupac [9, 12, 20, 22] )
Pimpla instigator Fabricius, 1793 ++ +
[Hymenoptera: Ichneumonidae] pupae 4,9,12,20,22] [6]
Pimpla inquisitor (Scopoli, 1763) + +
[Hymenoptera: Ichneumonidae] pupac [9, 12, 20] [6]
Pimpla turionellae (Linnaeus, 1758) +++ ++
[Hymenoptera: Ichneumonidae] pupac [1,9,20,22] [6]
Theronia atalantae (Poda, 1761) +++ +
[Hymenoptera: Ichneumonidae] pupac 8,9, 12,20, 22] [1,2,3,6]
Polytribax perspicillator (Gravenhorst,1807) +

[Hymenoptera: Ichneumonidae] pupae [9,12] )
Lymantrichneumon disparis (Poda, 1761) +++ +
[Hymenoptera: Ichneumonidae] pupac [4, 12, 20, 22] [1,2,3,6]
Brachimeria intermedia (Nees, 1834) +++ +
[Hymenoptera: Chalcididae] pupae [12, 20, 22] [1,2,3,6]
Brachimeria femorata (Panzer, 1798) ++ +
[Hymenoptera: Chalcididae] pupae [9,12] [6]
PARASITOIDS OR SAPROPHAGY?
Agria affinis (Fallén, 1817) +++ ++
[Diptera: Sarcophagidae] pupac [9, 12, 14] [6]
Agria monachae Kramer, 1908 +

[Diptera: Sarcophagidae] pupae [9,12] )
Kramerea schuetzei (Kramer, 1909) ++ +
[Diptera: Sarcophagidae] pupae [9, 12, 14, 18] [6]
Parasarcophaga harpax (Pandelle, 1896) ++ +
[Diptera: Sarcophagidae] pupac [9, 12, 14] [6]
Parasarcophaga portshinskyi Rohdendorf,
++ +

1937 pupae 9,12, 18] 6]
[Diptera: Sarcophagidae] 7
Parasarcophaga tuberose (Pandelle, 1896) +

[Diptera: Sarcophagidae] pupae [9,12, 14, 18] )
Parasarcophaga uliginosa (Kramer, 1908) + +
[Diptera: Sarcophagidae] pupae [9, 12, 14, 18] [6]
Robineauella pseudoscoparia (Kramer, 1911) +

[Diptera: Sarcophagidae] pupae 9,12, 14, 18] )
Muscina pabulorum (Fallen, 1817) + +
[Diptera: Muscidae] pupac [9, 12] [6]
Mouscina stabulans (Fallen, 1817) + +
[Diptera: Muscidae] pupac [9, 12] [6]
PATHOGENS
Lymantria dispar nucleopolyhedrosis virus larvae +++ +++
[baculovirus] [9] [3,5, 6]
Thelohania spp. larvae/pupac ? )
[Microsporidia: Thelohaniidae] pup [9]

Vairimorpha sp. larvae ? -
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Endoreticulatus sp. larvae tz] -
Streptococcus spp. ?
[Lactobacillales: Streptococcaceae] larvae [9] ]
Entomophaga maimaiga Humber, Shimazu& .
Soper larvae - [5, 6]
[Entomophtorales: Entomophtoraceae] i
Legend:
+ poorly represented species ++ represented species +++ highly represented species

* [1] PBorovié, [2] Glavendekic¢ et al., 2006; [3] Maksimovi¢, 1953; [4] Maksimovi¢, 1973; [5] Maksimovi¢ &
Sivéev, 1980; [6] Maksimovi¢ & Sivcev, 1984; [7] Maksimovi¢ & Sivcev, 1987; [8] Marovi¢ & Mini¢, 1987;
[9] Mihajlovi¢, 2008; [10] Mini¢, 1988; [11] Nonveiller, 1980; [12] Risti¢ et al.,1998; [13] Sisojevi¢, 1953; [14]
Sisojevi¢, 1955; [15] Sisojevi¢, 1959; [16] Sisojevi¢, 1975; [17] Sisojevi¢ & Vasi¢, 1980; [18] Sisojevi¢ et al.,
1989; [19] Tomi¢ & Jankovi¢, 1973; [20] Vasi¢, 1958; [21] Vasi¢ & Salati¢, 1959; [22] Vasi¢ & Sisojevié, 1958;
[23] Vasi¢ & Mini¢, 1980; [24] Drea, J.J., 1981)

** Unpublished and published data: [1] Tabakovi¢-Tosi¢, 2006; [2] Tabakovi¢-Tosi¢ and Jovanovi¢, 2007; [3]
Tabakovi¢-Tosi¢, 2011; [4] Tabakovié-Tosi¢ et al., 201 1a; [5] Tabakovi¢-Tosi¢ et al, 2012; [6] Tabakovic-Tosic et
al., in press)

Regarding the density of some predator species, Trombidium holosericeum,
Forficula auricularia, Silpha quadripunctata, Calosoma sycophanta and Carabus
sp. were most abundant ones. Calosoma sycophanta, which regularly occurs during
the outbreak of the gypsy moth, was found more frequently than other predator
species, and it reduced the population size of the gypsy moth both in the larval and
imago instars.

Table 2. The laboratory analysis of the gypsy moth egg masses and Quantitative
ratio of two species of parasitoids

Number of Average nu.mber of fertilized eggs Parasitoids
in egg mass
Year " Vital Parasited Ooencyrtus kuwanae (%) Anastatus
localities | egg mass N % N % japonicus (%)
1993 27 270 298.9 86.4 44.6 12.9 100* 0
1994 35 350 555.9 95.0 20.5 3.5 100* 0
1995 69 690 543.8 98.7 2.8 0.5 100* 0
1996 427 4270 348.4 85.9 43.8 10.8 - -
1997 725 7250 271.7 80.7 41.6 12.1 - -
2002 70 700 4717.6 95.5 17.3 3.5 78 22
2003 431 4310 570.7 88.3 79.9 112 | 69 31
2004 1023 10230 386.1 79.2 97.4 20.0 | 73 27
2005 266 2660 162.5 82.4 32.0 162 | 71 29
2009 58 580 502.5 91.6 423 7.7 91 9
2010 80 800 526.9 90.9 483 8.3 87 13
2011 120 1200 465.8 92.2 34.5 6.9 90 10

*from annual reports of Serbian report-diagnose-forecast service in the domain of forest protection

The dynamics of the emergence of the imago parasitoids were studied in
the special laboratory experiment. Regarding the species of egg parasitoids, in the
investigated period Anastatus japonicus accounted from 0 to 31%, Ooencyrtus
kuwanae 69-100% (Table 2). The average parasitism rate should not be taken as
the final one, because under these laboratory conditions it is impossible to study
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all the effects of a range of parasitoids and predators to which the the egg masses
are exposed in the field.

At the selected sites the cocoons of the parasitoids species from the
families Braconidae and Tachinidae (Table 1) were regularly found in spring.
Some species from Braconidae family (Apanteles genus) were most active in the
parts of the forests with the highest insolation and whence the outbreak of the
gypsy moth usually begins. Other species were considerably less frequent and were
found individually (Tabakovic-Tosic et al., in press).

The activity of LdNPV was reported at many sites, characterized by the

extremely high population size of the gypsy moth (Tabakovi¢-Tosi¢ et al., 2012,
Tabakovic-Tosic et al., in press).
The higher mortality rate of the older gypsy moth larval instars in 2011 and 2012
was reported in the forest complexes of Belgrade and Valjevo (Tabakovi¢-Tosi¢ et
al., 2012, Tabakovic-Tosic et al., in press), Donji Milanovac and Negotin (new
localities — unpublished results) region, in the culmination phase of the new
outbreak of the gypsy moth in Serbia. By field and laboratory studies of the causes
of their death, the presence of azygospores and conidiospores of the
entomopathogenic fungus FEntomophaga maimaiga was reported in the dead
caterpillars. It showed to be a powerful reducer of the population size of the gypsy
moth, and in both regions it caused the collapse of the outbreak in 2011 and 2012.

4. CONCLUSIONS

A total of 88 species which are natural enemies of the gypsy moth, i.e. 23
predators, 49 parasitoids insects, 10 saprophagous insects, and 6 pathogens, has
been reported in Central Serbia. The insects which attack the larval instar of the
gypsy moth are most frequent followed by the predators of the gypsy moth eggs
and the parasitoids of the pupae of the host. Regarding the number of the species,
the representatives of the Hymenoptera (14 species from Ichneumonidae family
and 11 species from Braconidae family) and Diptera orders (12 species from
Tachinidae family and 8 species from Sarcophagidae family) are most frequent.
Regarding the predators of the gypsy moth, Carabidae family, from Coleoptera
order is most frequent.

In spite of such a great number of the natural hosts, outbreaks of the gypsy
moth are still the regular and frequent phenomenon in the forests of central Serbia,
which points to the fact that nature is not so powerful regarding this economically
most harmful species of the broadleaf forests in central Serbia. For the time being,
the only exception to this rule is entomopathogenic fungus FEntomophaga
maimaiga.
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GYPSY MOTH, Lymantria dispar (L.), AND ITS NATURAL ENEMIES
IN THE FORESTS OF CENTRAL SERBIA

Mara TABAKOVIC-TOSIC

Summary

Based on the literature data, a total of 81 species which are natural enemies of the
gypsy moth, i.e. 17 predators, 49 parasitoids insects, 10 saprophagous insects, and 5
pathogens, have been reported in Central Serbia. The parasitoids which attack the larval
instar of the gypsy moth are most frequent, followed by the predators of the gypsy moth
eggs and the parasitoids of the pupae of the host. Regarding the number of the species, the
representatives of the Hymenoptera (14 species from Ichneumonidae family and 11 species
from Braconidae family) and Diptera orders (13 species from Tachinidae family and 8
species from Sarcophagidae family) are most frequent. Regarding the predators of the
gypsy moth, Carabidae family, from Coleoptera order, is most frequent.

During the twenty-year observed period, in the gypsy moth populations, the
activity of 59 natural enemies of this insect - twenty-one predators, twenty-nine parasitoids,
seven parasitoids or saprophages and two pathogens was reported. Regarding the density of
some species, the most abundant predators were Trombidium holosericeum, Forficula
auricularia, Silpha quadripunctata, Calosoma sycophanta and some species from genus
Carabus, while the most abundant parasitoids were Ooencyrtus kuwanae (Howard) and
Anastatus japonicus Ashmead, and pathogens Lymantria dispar nucleopolyhedrosis virus
and Entomophaga maimaiga .

In the observed period, average parasitism rate of eggs in egg masses ranged from
0,5 to 20%. The greatest positive change in the activity of the parasitoids occurred during
the second outbreak, from 3,5% in 2002 to 20% in 2004. Regardiong the species of egg
parasites, in laboratory conditions Oencyrtus kuwanae was absolutely dominant (69-
100%). In addition, at some sites Lymantria dispar nucleopolyhedrosis virus and
Entomophaga maimaiga had the dominant role in the reduction of the gypsy moth density.

The activity of Lymantrya dispar NPV was reported at many sites, characterized

by the extremely high population size of the gypsy moth. During the growing season in
2011 and 2012, in some forest areas of central Serbia, where the increased mortality rate of
the gypsy moth larvae was reported and where there was no significant damage of the
foliage caused by the feeding of them, the intensive research of the possible causes of this
condition was done.
By field and laboratory studies of the causes of their death, the presence of azygospores and
conidiospores of the entomopathogenic fungus Enfomophaga maimaiga was reported in the
dead caterpillars. It have been the first records of this kind is Serbia, i.e. Serbia is the third
European country in which this fungus has been reported. In the investigated area, it
showed to be a powerful reducer of the population size of the gypsy moth.
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GUBAR, Lymantria djspar (L.), INJEGOVI PRIRODNI NEPRIJATELJI
U SUMAMA CENTRALNE SRBIJE

Mara TABAKOVIC-TOSIC
Rezime

Prema literaturnim podacima, u centralnoj Srbiji do danas je utvrdeno ukupno 81
vrsta prirodnih neprijatelja gubara, i to 17 predatora, 49 parazitoia, 10 vrsta koje se
ponasaju kao saprofagi i parazitoidi, te 5 patogena. U navedenom broju najzastupljeniji su
insekti koji parazitiraju larveni stadijum gubara, a na drugom mestu su predatori jaja i
parazitoidi lutki domaéina. Po broju zastupljenih vrsta, najviSe je pripadnika redova
Hymenoptera (14 vrsta iz familije Ichneumonidae i1 11 iz familije Braconidae) i Diptera (13
vrsta iz familije Tachinidae i 8 iz Familije Sarcophagidae). Od predatora gubara,
najzastupljenija ja familija Carabidae iz reda Coleoptera.

Tokom dvadesetogodisnjeg istrazivackog perioda u populacijama gubara, uoena
je pojacana aktivnost 59 vrsta njegovih prirodnih neprijatelja i to dvadeset jednog
predatora, dvadest devet parazitoida, 7 parazitoida ili saprofaga i 2 patogena. Od svih
nadenih vrsta, najvecu brojnost i najjacu aktivnost su imali predatori Trombidium
holosericeum, Forficula auricularia, Silpha quadripunctata, Calosoma sycophanta i
pojedine vrste roda Carabus, parazitoidi Oencyrtus kuwanae 1 Anastatus japonicus, te
patogeni LdNPV i Entomophaga maimaiga.

U posmatranom periodu, proseCna stopa parazitiranosti jaja u jajnim leglima
kretala se od 0,5 do 20%. Najvecéa pozitivna promena u aktivnosti parazitoida dogodila se
tokom druge gradacije, od 3,5% u 2002. do 20% u 2004. godini. Kada je re¢ o vrstama
janih parazitoida dobijenih u laboratorijskim uslovima gajenja jaja gubara, apsolutno
dominantan bio je Oencyrtus kuwanae (69-100%).

Aktivnost Lymantrya dispar NPV je registrovana na ve¢em broju lokaliteta gde je
brojnost gubara belezila enormne vrednosti. Tokom vegetacione sezone 2011. 1 2012.
godine, u pojedinim Sumskim podru¢jima centralne Srbije, gde je uoCena veca smrtnost
larvi gubara i gde nije doSlo do znacajnijeg oSte¢ivanja lisne mase prouzrokovanog
njihovom ishranom, obavljena su intenzivna istraZivanja mogucih uzroka ovakvog stanja.
Terenskim 1 laboratorijskim ispitivanjima uzroka smrtnosti starijih larvenih stupnjeva
gubara, dokazano je prisustvo azigospora i konidiospora entomopatogene gljive
Entomophaga maimaiga u uginulim gusenicama. Ovo su bili prvi nalazi ove vrste u Srbiji,
odnosno, Srbija je tre¢a zemlja u Evropi u kojoj je ova gljiva registrovana. Na istrazivanim
lokalitetima se pokazala kao mocan reduktor nivoa populacije gubara.
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HNPOLHEHA PU3UKA ITPU KOHTPOJIM IIET HAJUBA3ZUBHUJUX
JAPBEHACTUX BUJbAKAYCPBUJUN — CTPATEIIKU NPEJYCJIOB
YCIHEXA 3A OJP’KUBO YIIPAB/BAIBE IIPUPOJHUM PECYPCUMA

H3Bon: Ilpoyena pusuxa u puck- MEHAUMEHm MO2Y UMAMU K/bYUHY Y02y Y
cMarbery wimeme U3A36aHe PA3TUYUMUM GDCAMA UYMCKUX WMemoYuna, 6oiecmu u
KOpo8a y Mpaxcu pazeojaoopicusoe wyMapcmed. 3HAUajHa PA3HOIUKOCH O030UbHUX
npemib MO WYMCKe — eKOCUCmeMe  3aXmeda  Npumeny NOCeOHUX  Ynpasoaykux
uUHCmMpyMeHama y yuny nogeharsa npooyKmusHOCMuU, 00K OU KOHMAMUHAYUJA ICUBOMHE
cpeoune U OnacHoCm No /bYOCKO 30pasmbe mpebano 0a 0y0y ceedene HaA MUHUMYM.
O0poicuso 2az008are wWymama JaKuie je ocmeapumu Kpos gasopuzosarbe 00208apajyhux
Mmexanuzama (npurazohasaremooenasa npoyeHy pusuxa je jedan 00 mux). Toxom
UCMpanicuearba mexcuno ce npumenu "npunyuna npedocmpooicHocmu” Y cmucny
MeCMuUpara YuibeHUYa Koje Cy joul yeex npeoMen HaAyYHUX UCPMPANCUBArbd, V e8PONCKUM
s3emrama a u ko0 Hac. Ha memu ucmpasicusara cenepanno mano je paheno 0o caoa y
Cpbuju ; unmensuene cmyouje unu cy y moxy, uiu oapem OeyeHujy KacHUMO 3a 3eMmbama y
peauony. IIpaxca npoyene ymuyaja un8asusHux OUbAKA U NPUMEHe KOPUCHUX OPeAHU3AMA
30 CMABBHARE UCHIUX NOO KOHMPOLY UL Y YUY HUX0802 CY30Ujaiba, joul YEeK He noCmoju
y Cpouju. Ilomenyujanno 036umHO onache nocreduye npumeHe mepa OUOKOHMpPOTe
YRYhYJy Ha MyTmMUOUCYUNIUHAPHY RPUCIYR Y npoyecy ucmpaxcuearoa. llonaszne xunomese
Koje cy cmaemene Ha nposepy YApaso Cy oHe 00Oujene u3 uwymapcke npaxce u mepeHcKoz
uckycmea. Banuono ynpasmare puzuxom ouxmupa onpesu HeONXOOHOCH Npu NPUMEHU
VAPABKBAUKUX MeXauuzama 'y cumyayujama 20e HOCmoju  HeOOCMAamax npoeepeHo
O00KA3aHUX HAYYHUX YUIbEHUYA.

Kibyune peum: 3amrTurta TpHUPOZAE, YIPaBJbamke, OMOTEXHONOTHjE, KOHTpOIa
WHBa3UBHUX BpcTa, Cpouja

1. INTRODUCTION

Regarding the use of new biotechnologies in forestry the most common
innovative procedures in silviculture and raising healthy forests in protected areas
are substitution of inorganic pesticides with biopesticides and direct “tool use” of
scientifically approved useful plants and animals through biological control
measures in detrimental biotic agent’s suppressing. Success stories presented both
with performed case studies and forest biotic agent’s research results are showed in
this paper. Studies conclusions are not limited or approximated to all protected
areas (PA) where plant material had been collected and members of various interest
groups had been interviewed, either they are directly or indirectly involved in the
decisions making as management authorities. In this regard, the investment and use
of any biotechnology needs to be risk assessed on a case-by-case basis, considering
the specific technology in the specific ecological, political and economic
environment. Research had been performed in forest ecosystems which are
managed by state PE, NP, NR... All five the most harmful IP populations occur
where their existence is: barely noticed, not recognized as threats, neither need for
risk assessment of their further influence... Field real problems are conflicts caused
by social opposing views on the primary purpose of forest land and protection of
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natural resources as units covered with forest vegetation, inappropriate agricultural
and forest policies, and poor rural infrastructures. Until now Serbia has not adopted
IPM (integral pest management) neither as the scientifically synchronized project
studies results trial testing. This article present some proposals of proven joint
activities resulted with risk assessment of five common test subjects based on facts
obtained from the collected data analysis.

The aim of the present guidelines is to provide guidance to forest economy
to help make monitoring a practical tool for environmental policy, especially in the
development of plans and strategies on biodiversity conservation and sustainable
use, the mainstreaming of biodiversity conservation objectives across policy
sectors and in assessing progress in achieving policy targets and the effectiveness
of conservation measures. Minimization of health, environmental and
socioeconomic risks resulting from biodiversity loss and ecosystem degradation, as
well as the maximization of benefits from biodiversity and ecosystems, are the
main objectives.

1.1. Evolution of invasiveness

Some seemingly benign species increase invasive potential after arrival on
a recipient site. Genetic drift, high genetic diversity in the founder population, or a
change in selection pressures can interact to produce invader populations that have
greater invasive potential than populations in the home range (Blossey and Notzold
1995, Lambrinos 2004; Bossdorf et al. 2005; Schierenbeck and Ellstrand 2009). An
introduced species also has the capability to increase its invasive potential through
hybridization with native species (Bossdorf et al. 2005). This evolution of
invasiveness is occasionally linked to the concept of “enemy release”: when
introduced into a new site, a species experiences little pressure from enemies (i.e.,
herbivores or pathogens), and thus less energy needs to be allocated to defense, that
in turn gives an evolutionary advantage to individual plants that invest more energy
in growth and reproduction (Blossey and Notzold 1995). Like many other
hypotheses, support for evolution of invasiveness is contradictory, with this process
occurring in some invasions but not others, possibly due to the many factors
interacting in invasion.

1.2. The Characteristics of Invasive Species Critical for Ecological Risk
Assessment

There are four features of invasive species ecological risk assessment that
are in contrast to risk assessment for chemicals and other abiotic stressors (Landis,
2004).

First, the exposure to the stressor becomes the probability of a biological
invasion event even if a permanent introduction throughout the landscape does not
occur.

Second, the population size of the invasive species can increase, fluctuate,
or even become extinct. Third, there is a broad range of mechanisms by which
invasive species can directly and indirectly impact the valued characteristics of the
receiving environment. Landscape-level impacts may also occur by a change in the
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ecological matrix through which migration occurs, altering the spatial relationships
of important habitat patches (Shea and Chesson 2002).

Fourth, the processes that govern impacts are fundamentally ecological and
evolutionary. Five invasive woody plants recognized as all criteria covered were
described in paper results.

2. THE RISK MODEL

This Risk Model relies heavily on reasonable judgement by the SDM
(Designated Environment Officials or Statutory Decision-Makers. SDM, could use
available information from staff and others (experts for plant and forest protection-
employed of Next relevant Ministries : Ministry of Agriculture, Forestry and Water
Management: Ministry of Natural Resources, Mining and Spatial Planning,
Institute for Nature Protection, Plant Protection Society of Serbia. The Risk Model
uses numbers to represent the relative magnitudes of frequency, probability, and
consequences, but the model cannot be considered “quantitative” in the sense of
scientific accuracy. Using numbers simply allows various risk factors to be
weighed systematically during the risk evaluation process.

Description- the following description highlights the model for evaluating
the risks associated with approving an operational plan for suppressing IS in
sustainable and biodiversity preserving precondition. When an SDM receives an
operational plan for approval the acceptability of the controlling- suppressing plan,
must considered, all things reviewed, including following:

The risks to a wide range of environmental, social and economic values of
ISHE; The proposed mitigation of identified risks; The potential benefits of the
proposed control or plan component; The Risk Model that follows offers guidance
on the key steps in assessing risk. The approach leads decision-makers to draw risk
conclusions by considering:

Values of Concern; Potential Detrimental Invasive species hindering effect
(Invasive species adverse effect; Frequency of Loss Event, Probability of
Consequences Given a Invasive species adverse effect, Consequences of Loss
Invasive species hindering effect.

Instructions -to ensure consistent application of this model, users should
not assign numerical values other than those suggested in any of the categories.
When in doubt choose the higher risk value.

The initial entry in the Risk Assessment Matrix identifies the project or
component under consideration.

Frequency of Invasive species occurrence at randomly fields — PA terrains

An important factor to consider in a risk assessment deals with the
frequency of invasive species presence that could cause adverse consequences.
Frequency is often expressed as the number of incidents in a given time frame, also
called a “return period” for some types of invasive species which was suppressed
someway. Consider the frequency of invasive species occurrence if the proposed
project were approved, Select from the following four categories:

Frequent 10 points,; Occasional 7 points; Seldom 4 points; Rare I point.
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Probability of Consequences -in this step, contemplate the likelihood of
consequences given a loss event. For example, what is the chance of water quality
degradation if a landslide occurs as a result of the proposed plan? In the study of
probability, invasive species hindering effect that will definitely happen are
assigned a probability of 100 percent. Incidents that are impossible are given a 0
percent chance of occurrence, and everything else lies somewhere between these
two extremes.

Consider the following three levels of probability:

Probable (7 points). The likelihood or probability of the consequence occurring is
greater than 50 percent. Possible (4 points) The probability of the consequence
falls between 20 and 50 percent. Unlikely (I point) .There is less than 20 percent
chance that the consequences will occur. The probability factors considered in
selecting among the three broad categories of probability should be recorded in the
comment space.

Most Likely Consequences - The next set of factors deal with the potential
consequences of the plan or component, given a loss event, such as a landslide. In
large part, this step requires decision-makers to consider the resources and other
values that may be affected by the plan or component.

Four categories of potential consequence are available: Catastrophic 10 points;
Major 7 points; Serious 4 points; Minor 1 point. Briefly record the factors and
features considered in making a determination of potential consequences.

Total Risk Level- In the evaluation of risk, consider all three factors:
Frequency of invasive species hindering effect presence, probability that
consequences will occur, and the extent of consequences to things of value.
Combining these related risk elements is a mental process that defies a strictly
scientific or structured approach. However, the model suggests a simple method
that has been adopted in other types of risk decision-making: Add the values for
frequency and probability, then multiply the sum by the consequence value to
determine a total risk score.

If users apply this model consistently for two or more components of a
plan, the scores will provide a rough indication of the relative risks of the
components.

Risk Assessment Results- the foregoing analysis may be enough for some
SDMs to make a determination on the operational plan under consideration. Plans
that present either very high or very low risk often become quickly evident.
However, recall that the assessment of risks associated with the plan is only one
element to the overall decision on the plan.

If the plan promotes risks that are higher than acceptable to you, and the
plan lacks reasonable means to manage these risks, you should avoid considering
additional mitigation possibilities in your assessment. In doing so, you are drawing
a conclusion on what is, rather than what could be in the plan and may then
conclude that you should not approve the plan.

Decisions on plans or specific components may be clear where the model
indicates risk levels of “very high” or conversely, “low” or “very low.” Decisions
that fall into the “high’ or “moderate” risk levels may cause additional review
depending on the situation.
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In all respects, decision-makers should record their reasoning for
approving or not approving an operational plan. SDMs should refer to the
frequency, probability, and consequence elements addressed in this Risk Model,
with specific comments on the factors that contribute to the greatest risks.

3. RESULTS

Results suggest that a species that is very competitive, resistant to
contaminants or new control procedures, and one that can delay its dispersal until it
has established a “beachhead” in the PA landscape. The beachhead patch ensures
that there is a source for further migration into the landscape. The implication is
that a fragmented or patchy environment will be more likely to contain an invasive
because of the increasing number of areas that can be colonized and used as
beachheads for further colonization. If the invasive can remain cryptic so that
eradication efforts are limited until established in several refugee patches (PA
habitats), the probability of a successful invasion should increase.

The models confirm work by many other researchers (see Anderson et al.,
2004; Marvier et al., 2004) that there is a clear interaction between the landscape,
competing species, and the invasive species. Spatial structure must be incorporated
if an understanding of the possible outcomes is to be factored into the risk analysis.
The interaction between control measures and the native species demonstrated that
only in extreme — high risk events influence had badly the outcome of the invasion
(Watrud et al. 2004; Landis et al.2000).

Five alien plant species were identified through this process/ risk model as
having positive responses to the posed questions. These are listed in Table 1.

Table 1. Exotic invasive plants in prioritized as potential biocontrol targets
arranged by lines into groups of decreasing priority, but of similar priority within

each group
Species  Life form* Area of origin EU climate distribution Genus native to Europe
Past or current
' . Arca of EU climate G(?nus Conflict biological
Species Life form* S AR native to of control
origin distribution .
Europe interestf programs/
publications
Fallopia japonica | Ge Japan Temperate Yes No Yes
gallop iabohemic Ge Hybrid Temp/Med | Noi No Yes
Amqrp ha Ph N. America Mediterran Noi No Yes
fruticosa ean
Azl.am?hus Ph China Temp/Med | Noi No Yes
altissima
Robinia . Ph N. America | Temperate No F No
pseudoacacia

*Ph = Phanerophyte, Ge = geophyte, Hy = hydrophyte, He = hemicryptophyte, Th = therophyte, Ch =
chamaephyte.

Conflict of interest: TPast or current biological control programs/ publications

O = current ornamental interest, F = value as forestry tree — simple aesthetic value of certain aliens weeds is not
considered a conflict of interest as biocontrol will only reduce their density not eradicate them.

{Family or subfamily also not native to Europe. 1. Fallopia japonica (Houtt.). 2. F. x bohemica Chrtek &
Chrtkova
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Fallopia (Polygonaceae) contains 24 species worldwide of which seven are
considered weeds. Fallopia japonica var. japonica (Houtt.) Ronse Decr., the most
invasive clone (Bailey, 1994), is referred to as Reynoutria japonica (Houtt.) in
some parts of Europe and Polygonum cuspidatum Sieb.& Zucc. are also invasive,
although their relative importance in Europe and Serbia is still being studied
Fallopia japonica and fact that mantionedhybrid appears to spread faster than
either parent (Mandadk et al., 2004), makes these two species among top five
Serbia’s aggressive aliens.

3. Amorpha fruticosa L.

Origin, life history and ecology - According to some sources it was introduced in
the Balkan Peninsula at the beginning of the twentieth century, precisely in 1900
(Petraci¢, 1938). False indigo bush Amorfa fruticosa L. (Fabaceae=
Papilionaceae: Astragalae) reproduce generative, with pods, dispersed by water,
and vegetative with a strong power of sprouting. Pods yield natural insect toxic
chemical, and if demanding systematically control measures by combination of
chemical and mechanical measures trailed this forest weed as woody plant are
practically invincible (Gagi¢ et al. 2008).

Existing and potential biological control

Without finding solution that would exclude combined application of too
expensive mechanical  suppressing  measures and  environmentally eligible
suspected pesticides it is possible to predict unstoppable expansion of this plant and
facing with serious major problem in the near future.

Table 2. Natural enemies of A. fruticosa

Insect Biology and host preference of A. fruticosa pod pests

Acanthoscelides pallidipennisMotschulsky.
Coleoptera: Bruchidae: Bruchinae

indigo bush weevil,bruchid beetle found feeding in pods

Eupelmus and Anastatus(Hymenoptera: ectoparasitoids of weevil larvae

Chalcidoidea: Eupelmidae)

Syntomaspis sp. and Torymus sp. (Hymenoptera: possibility of seed predation and hyperparasitism, both
Chalcidoidea: Torymidae) need to be proven

Tetrastichus sp. (Hymenoptera: Chalcidoidea: known to encompass parasitoids of the first and second
Eulophidae) order, so it is needed to proceed the research in order to

determine their status -hyperparasitism phenomena
demands experimental “tricks”

(Hymenoptera: Proctotrupoidea: Scelionidae), Reared one specimen as fresh bruchid beetle egg
parasite. Investigation needs to be continue in a goal of
getting more specimens, data, status confirmation and
species determination

(Hymenoptera: Proctotrupoidea: Diapriidae), Hyperparasitoid of Eupelmus and Torymus genera, until
now one specimen had been reared and prepared

Acari, Pyemotidae Predators of weevil larvae and pupa

Pyemotes spp. (=Pediculoides) verticosus, National
Academy of Sciences 1978

4. Ailanthus altissima (Miller) Swingle
Ailanthus (Simaroubaceae) contains 10 species confined to Asia and Australia of
which A. altissima (from temperate and subtropical China), the only member of the
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family in Europe, is considered an invasive species in most temperate regions of
the world.

5. Robinia pseudoacacia L.

Robinia(Fabaceae) contains four species from North and Central America, all of
which are considered as weeds worldwide. Now is extremely widespread in many
habitats in Serbia.

Existing and potential biological control- more recently, classical biological
control of weeds has also undergone significant criticism from within the
ecological and evolutionary scientific community (Louda et al., 1997), despite
there being only a few predictable non-target impacts and the release decisions for
the causal agents being made at a time when society was more risk accepting.

4. CONCLUSIONS

Classical biological control is often unjustly perceived as costly in its
initial stages, with no guarantee of success and will therefore only really be
possible with direct or indirect government support. For environmental and urban
weeds this is even more apparent, so funding of biological control can only proceed
with sympathetic, informed and ‘joined up’ government. Such issues are not
unique to biological control, however, as many forms of natural resource
management have long-term benefit timeframes and require political incentives for
their adoption.

Fortunately, there is also now a groundswell of interest in European
Governments over the invasive species issue, partly due to their CBD commitments
and a growing recognition that many species and their associated costs are getting
out of control. In order to secure funding, the responsible government
department(s) [often both the agricultural and environmental ministries], need to be
convinced of the high benefit—cost ratios of biocontrol, and it is here where
stakeholders need to work with economists, as the analyses usually fall out heavily
in favor of undertaking a biological control programme.(Sheppard et al., 2005).
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ACRONYMS

PA- Protected area

PE- Public Enterprise

NP- National park

NR-Nature Reserve

ESIAS - Environment and Social Impact Assessment Study

CBD- Biodiversity Convention

ISPM No. 3 -Guidelines for the export, shipment, import and release of biological control
agents and other beneficial organisms

156



EPPO-European (Regional) Plant Protection Organization

IPREM - Invasive Plant Risk Evaluation Management

SDM - Designated Environment Officials or Statutory Decision-Makers
ISHE-Invasive Species Hindering Effect
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THE MOSTINVASIVE FIVE WOODY INVASIVE PLANTS CONTROL RISKS
ASSASMENT - STRATEGIC PRECONDITION FOR SUSTAINABLE
GOVERNANCE OF NATURAL RESOURCES IN SERBIA

Renata GAGIC SERDAR,Radovan NE VENIC, Svetlana BILIBAJKVIC‘,V
Tomislav STEFANOVIC, Zoran PODUSKA, Ilija PORPEVIC, Goran CESLJAR

Summary

Many European countries are waking up to the scale and impact of invasive alien
species, as highlighted by the recent publication of the ESTAS which aims to stem the flow.
This document was developed under the Bern Convention and recommends the
requirement of a ‘grey list” of species posing unknown threats that need to be screened for
risks before introduction, including classical biological control agents under ISPM 3.

Classical biological control offers environmentally sound and public good
solutions to some important Serbia’s worst alien invasive plants. It would assist EU
commitments to reducing chemicals in the environment and controlling alien invasive
species, while applying the precautionary approach to intentional introductions of such
beneficial exotic organisms. This review highlights 5 of these and suggests, with the full
support and in the context of the CBD and the ESIAS (Environment and Social Impact
Assessment Study), that the time is ripe for classical biological control of weeds to break
into the mainstream, alongside public demand for action and national commitments to
reduce chemical use and protect biodiversity. However, this will continue to be delayed if
suitable government-assisted funding streams are not established alongside processes for
assessing conflicts of interest and raising public awareness on the issue of the costs of
invasive species and the available solutions to them.
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IMPOLEHA PU3UKA ITPU KOHTPOJIM IIET HAJUBA3ZUBHUJIJNX
APBEHACTHUX BU/bAKAYCPBUJU-CTPATEIIKH ITPEYCJIOB YCIIEXA 3A
OJP’KUBO YIIPAB/BAIGE ITPUPO/THUM PECYPCUMA

Penama TATHRCEP/{AP, Padosan HEBEHU R, Ceéemnana FUJIUBAJKUA,
Tomucnae CTEQAHOBUHR, 3opan [10/]VIIKA, HnujaBOPBEBH A, I'opan YELLIJbAP

Caxkerak

Y MHOTMM €BpOIICKMM 3eMJbaMa CBE Ce BHIIE OyAM W pa3Buja CBECT O 00MMY U
CTETHOM YTHIa]y WMHBa3MBHUX BpcTa. Tema je naeTasbHO enabopupaHa W HajOMTHHjU
UbEHHLIE UCTAKHYTe cy y no3Haroj myonukauuju ECUAC koja uMa 3a 1Mib J1a 3ayCTaBU
JlaJbl TOK HIbMXOBOT' CHpEHa Kao HeraTWBHOT TpeHAa. OBaj JOKYMEHT je YCBOjEH Y OKBUPY
BepHCke KOHBEHIMje, MPAaKTHYHO Kpo3 yBohewme '"cuBe mucTe" YCIOBHO KOPHUCHHX
opraHM3amMa-BpcTa Koje WIIaK INpe/CcTaBibajy HENO3HATy INpETHhY H3a KOje je HEOIXOIHO
YPaJUTH IIPOLEHY PHU3MKa Mpe HHXOBE NPHUMEHE W BUXOBOT YBOhema Kao OMOJOIIKHX
areHaca IpH yCIoTaBJbarby KOHTPOJIE HaJl MHBa3WBHIM KOPOBHUMA Y TIPHPOIH.

Knacwgna 6monomka 6opba HyAd eKOJOMIKH MPUXBATJpHBA MHCIUIATHBA pellcHha
3a cy30ujame M KOHTpOITy TeT HajomacHUjiX M arpeCUBHHjUX HHBAa3UBHUX Omibaka Cpowje,
3a KOje je y OBOM pany JaT W MOJeIN HpOIeHe pU3HKa OJf YIoTpeOe HBUXOBUX CTETOIIMHA.
IIpenio3u cy ckiamy ca mocrojatbeM Kousennwuje o ouomusepsuretry 1 ECUAC (Crymnuja
NpolLieHe pU3MKa M YTHIaja Ha XMBOTHY cpelnuHy). Paj yka3yje Ha Ba3HOCT M moTpebHe
YCIIOBE 3a MpHMEHY KJIacW4yHe Ouoomke 0opOe mpoTuB KopoBa. busomike mepe 6opde
Tpebaso OM Ja MocTaHy CpPEJCTBO Yy 3aCTUTH LIyMa OJ jaBHOT M HAIMOHAIHOI WHTEpeca,
yuMe OM ce cMambWiIa IMPEeKOMEpPHa M EKOJIOCKM HeomlpaB/iaHa yrnoTpeda XEMHjCKUX
CpeAcTaBa M HCIOCTOBAJIM OCHOBHM IIOCTYJATH 3alTHTE OWOJIOIIKE pPa3sHOBPCHOCTH.
MehytuM, oBo Hehe mocratm yoOuuajeHa mTpakca JOK TOJX TOJHTHKA PECOPHUX
MHHHCTapCTaBa M BIIaJIe HE Pa3BHje MeXaHM3Me (PMHAHCHpara OBAKBHX IOAYXBaTa, U JIOK
y caMy TIpaKcy 3amTuTe He yhe npoleHa pr3rKa ol MOTSHIMjATHO KOPHCHHUX OpraHu3aMma y
caMoj NPUMEHH M IHXOBOI yTHIIaja Ha OKOJHHY. [lomu3ame CBECTH CTpy4HE M HaydHe
jJaBHOCTH O OBOM IIMTamy, Ka0 M HaydHa TMOTBpAAa W JOKa3W O OWONmKoj 6opOm Kao
HajpeHTaOuIIHUje 0]l MOTYNNX pachoNoKUBHX peleha Ouhe MpBU KOpakK y caBiajaBamby
CBE €BUJICHTHU]ET HEraTHBHOT yTHUIIaja O IMPeHha HHBa3UBHUX BPCTA U BEIMKUX I'yOUTaKa
O TIPUBPEY AJIU U 3aIUTUTY TPUPOJHUX Aobapa y Cpouju .

159



160



A GUIDE FOR WRITING RESEARCH PAPER

SUSTAINABLE FORESTRY is a scientific journal in which are published
research papers of forestry scientific disciplines, environmental protection, wood
processing, landscape architecture and horticulture and environmental engineering
(Erosion Control).

PAPER TITLE IN ENGLISH 11 points, bold
PAPER TITLE should be written with capital letters (bold), Font Size 11, centered on the
page. Title should be 11 Enter keystrokes below the top margin, and the writing should be
started in the fifth row.
11
Name AND FAMILY NAME' 11 points, normal
Name and the family name of the authors should be written in capital letters (normal), Font
Size 11 points italic, centered on the page, with single line spacing below the paper title.
With mark 1, in superscript (with command Insert Footnote), above the name of the last
author is marked a Footnote in which are indicated title, name and family name, occupation
and institution in which some of authors are employed.
11
11
11
Abstract: The abstract is written in English, Font size 10 points, italic, Justify,
with three spaces below the name of the paper author. In abstract are given basic aim of
research, materials and methods, more important results and conclusion (maximum 500
characters).
11
Key words: in English 10 points, normal, minimum 3, maximum 6 words. Below
the abstract, Font Size 10 points, normal.
11
PAPER TITLE IN SERBIAN 11 points, bold
11
Abstract: Text of the abstract in Serbian, 10 points, italic
11
Key words: in Serbian 10 points, normal
11
The journal SUSTAINABLE FORESTRY, which is published at least
once a year, publishes original scientific papers, review papers and short
communications. The paper should be, in whole, written in English, and Abstract
and Summary should be written in English and Serbian. The paper length,
including tables, graphs, schemes, pictures and photographs can have maximum 6

! Footnote (Insert Footnote):

1Title, name and family name with addresses of all authors.

Author for correspondence: Name and family name, address, phone, e-mail.

* If the paper is a part of a research within a project in acknowledgement are indicated: name of the
project, registration number and the full name of the institution that finances the project.



typewritten pages, A4 format (Portrait), with normal line spacing (Single Space).
Margins: Top 1,5cm, Left 1,5¢cm, Bottom 1,5cm, Right 1,5cm, Gutter 0,5 cm. The
text of the manuscript should be typed using Times New Roman font, 11 points.
Justify align (Format — Paragraph — Indents and Spacing — Special — First Line
0,0). Without pagination (the system of numbering pages). LAYOUT: header 1,27
cm, footer 1,27 cm. PAPER: width 16,5 cm, height: 24 cm. In every new line the
size ofa Tab is 1,27 cm.

1. INTRODUCTION (bold), centered on the page, Font Size 11 points, Text
normal, Justify, with single line spacing below the title.
The introduction should be a short review of explanation about reasons that led to
the research of specific scientific issue. The introduction contains reference data of
published papers that are relevant for the analyzed issue.

2. CHAPTER TITLE 11 points, bold

11
The paper should be typed by the guide for writing research paper, in Word format, Roman
alphabet, using exclusively the Times New Roman Font. Successive blank spaces are not to
be used for text alignment; instead, ruler alignment control tool and Toolbars are suggested.
Only one space follows after any punctuation mark. If special signs (symbols) are used in
the text, use the Symbol Font.

11
2.1 Subchapter title 11 points, bold
11
Subchapter text, 11 points, normal
11

Table 1. 11 points, bold Table title, 11 points, italic

Font size in Tables is 8

11
Continuation of the text, 11 points, normal
11

Graph 3. 11 points, bold Graph title, 11 points, italic
11
Continuation of the text, 11 points, normal
11

Picture 2. 11 points, bold Picture title, 11 points, italic
11
Continuation of the text, 11 points, normal

MATERIAL AND METHODS (bold), centered on the page, Font Size 11. Text
normal, Font Size 11, Justify, with single line spacing below the title.

Within this chapter there can be subtitles of first and second line. In the description of
material it should be given enough information to allow another researchers to repeat the
experiment at a different location. It is necessary to provide information on the material,



subject of the study that precisely defines its origin, physical characteristics etc. If a device
or instrument is used to obtain experimental results should be specified: name of the device
or instrument, model, manufacturer's name and country of origin. If a scientifically
recognized method is used it has to be cited in the References, without the explanation of
the steps of the used method. If changes were made in a scientifically recognized method
should be provided the original literature references that will support —justify those
changes.

RESULTS (bold), centered on the page, Font Size 11. Text normal, Font Size 11,
Justify, with single line spacing below the title.

Within this chapter there can be subtitles of first and second line. The paper results should
be presented in the form of text, tables, pictures (diagrams) and, rarely, photographs. From
the results should be clear whether the hypotheses have been confirmed or disproved and
whether the aim and tasks have been achieved. It should not be avoided the presentation of
the negative results or disproving the hypotheses.

DISCUSSION (bold), centered on the page, Font Size 11. Tekst normal, Font Size
11, Justify, with single line spacing below the title.

Discussion should not be the simple repeating of obtained results. The results should be
discussed by comparing them with the research results of other authors with compulsory
citing of literature sources. It is very important to give discussion of the results and the
opinion of the authors. Interpretation of perceived ambiguities and illogicalities should be
correctly stated.

CONCLUSION (bold), centered on the page, Font Size 11. Tekst normal, Font
Size 11, Justify, with single line spacing below the title.
Conclusions of the paper should be carefully carried out and shown clearly to the reader.
Conclusions can be significantly connected with the result discussion, but in them should
be given freer and wider interpretation of the paper subject and results. The special quality
is the defining of suggestions for future work and identifying the issues need to be resolved.

11

LITERATURE 11points, bold
11
Cite Literature by Guide, Font 10 points

Jankovi¢, Lj. (1958): Contribution to the knowledge of gypsy moth host plants in nature
during the last outbreak, 1953-1957, Plant protection, 49-50: 36-39 (In original: Jankovié,
Lj. (1958): Prilog poznavanju biljaka hraniteljki gubara u prirodi u toku poslednje
gradacije, 1953-1957. god. Zastita bilja, 49-50: 36-39)

10
Roberts, G., Parrotta, J. and Wreford, A. (2009): Current Adaptation Measures and
Policies. In: Risto Seppald, Alexander Buck and Pia Katila. (eds.). Adaptation of Forests
and People to Climate Change - A Global Assessment Report. IUFRO World Series
Volume 22. Helsinki. 123-13311

10

PAPER TITLE IN ENGLISH 10 points, bold
10
Name and FAMILY NAME 10 points
10
Summary 10 points, bold
10



Summary text in English 10 points
10
PAPER TITLE IN SERBIAN 10 points, bold
10
Name and FAMILY NAME 10 points
10
Summary 10 points, bold
10
Summary text in Serbian 10 points

Papers and all enclosures (photos, schemes, pictures and graphs) should be sent to the
Editorial Board of the journal in three printed copies and on CD.

In this text is given a detailed structured instruction for writing papers. Papers that do not
meet the propositions of this guide will not be forwarded for review and will be returned to
the author.

Categorization of papers (suggested by the author — determined by Editorial

board taking into account the opinion of the reviewer):

Scientific Articles

1. Review paper (paper that contains original, detailed and critical review of the research
issue or field in which the author made a contribution, visible on the basis of auto-
citations);

2. Original scientific paper (paper which presents previously published results of author’s
researches by scientific method);

3. Preliminary communication (Original scientific paper of full format, but small-scale or
preliminary character).

4. Other known forms: scientific review, case study and others, if Editorial board finds
that such paper contributes to the improvement of scientific thought.

Professional articles

1. Professional paper (annex in which are offered the experiences for improving
professional practice, but which are not necessarily based on scientific method).

This guide, as well as an example of correctly printed paper in the journal
Sustainable Forestry, can be found on the web-site of Institute of Forestry (http://
www.forest.org.rs).

Papers should be sent to:

Editorial board of the journal “Sustainable Forestry”
Institute of Forestry

Kneza Viseslava 3

11030 Belgrade

Or in Serbian:
Urednistvo ¢asopisa “Sustainable Forestry”
Institut za Sumarstvo

Kneza Viseslava 3
11030 Beograd

Tel.: ++011/3553454



	Binder1.pdf
	Korice za Zbornik 65-66
	SUSTAINABLE FORESTRY tom 65-66.pdf
	IMPRESUM, SADRZAJ tom 65-66.pdf
	RADOVI 65-66
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13



	A GUIDE FOR WRITING RESEARCH PAPER

