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I. POLICY AND LEGAL FRAMEWORK 
 

Fast development of poplar growing in Serbia in the period from the 50's to 80's, when, in 
the period of forty years, felling cut was increased about ten times, and by introducing new cultivars 
and technology, the value of wood volume was increased about eighteen times by the end of 80's, 
and during the 90's was quite slowed down. 
 Considering substantial potentials for the development of forestry, according to the law on 
spatial planning of the Republic of Serbia adopted in 1996. It was planned that by the year 2050 
forest area should be increased from 27% to 41%. It was planned that by the year 2010 the same 
law should regulate the change of using purpose of agricultural surfaces in the area of about 
342.000 hectares, which should be afforested in different forms primarily as protective and 
recreational forests. A great part of areas for afforesting was planned to be in plain regions of the 
Republic and the emphasis is on fast growing forest species where poplars and willows have the 
priority. 
 Approximately 60.000 hectares of the above mentioned areas should be used for planting 
poplars and willows. Planting of these areas should not be on large complexes but indifferent forms 
of out-of-forest protective vegetation the same as field-covering and windshield zones, uncover 
crops around settlements, roads, canals, plantations, various line plantations around small streams, 
hunting fields grouped trees and so on. Surely, in these out-of-forest cover crops, besides poplars 
and willows, there will be other tree cultivars: bushes, honey plants and herbs and similar. 
 High productivity of habitats planned for planting the above mentioned crops, besides the 
primary protective function will provide significant amounts of wood volume for industrial 
modification and a great part of produced biomass will be used for energy production, primarily as 
a fuel. 
 In May 2010, new Law on forests of Republic of Serbia was adopted where, for the first 
time, short rotation plantations were recognized and defined, what is very significant for 
development and increase of area under poplars. 
 
 
II. SUMMARY STATISTICS 
 
1. Total area of poplars and willows 2011 by main forest categories, forest function and area 
planted from 2008 to 2011 (area change over the last 4 years) 
 

According to the official data, natural forests of poplar and willow cover the area of 8658 
ha (Table 1). In these forests, the accessory species are narrow-leaved ash (F. angustifolia) and 
white ash (F. americana).  

The main function of natural forests of poplar and willow is protection, i.e. biodiversity 
conservation. Natural forests are mainly under different regimes of protection and the planting of 
allochthonous species is not permitted in them. Poplar plantations in Serbia cover the area of 33132 
hectares with main intention for wood production. Willow plantations cover the area of 6942 
hectares. According to the latest survey and also accordig to the definition of agroforestry systems 
by new legislative, agroforestry systems cover 76 ha of poplar windbreaks which have protective 
function in arable lands.  



In the period from 2008-2011, area of planted forest which included aforestation of new 
plantations and reforestation after the end of rotation was 16415 ha for poplars and 116 ha for 
willows. 

 
Table 1. Total area of poplars and willows 

 
 

Forest category 

 
 

Total 
Area 2011 

(ha) 

Total area by forest function in % 
 

 
Area planted from 

2008-2011 
(reforestation and 

afforestation)  
(ha) 

Production  
Protec-

tion 
(%) 

 
Other*  

 
(%) 

Industrial 
roundwood, 

(%) 

Fuelwood
biomass 

(%) 
Indigenous Poplars 1194   100   
 Willows 7464   100   
 Mix of P&W       
 Total  8658      
 
Planted Poplars 33132 95  5  16415 
 Willows 6942 76  24  116 
 Mix of P&W       
 Total  40074      
 
Agrofor./ 
TOF 

Poplars 76   100   

 Willows       
 Mix of P&W       
 Total        
 

Grand Total  48808      
 
 

 

2.Mean Annual Increment (MAI), rotation lengths, and wood removals 2011 by forest 
category, species, cultivar or clone  
 
 
Table 2. MAI, rotation lenghts and wood removals in 2011 

 
Forest category and 
species, cultivar or 

clone 

 
Area 
(%) 

 
Avg 
MAI 

m3/ha/yr 

Average rotation length (yrs) 
 

Wood removals 2011 in m3

 
Production  

Protection 
Production  

Protection Industr. 
roundwood 

fuelwood, 
biomass 

Industr. 
roundwood,  

fuelwood, 
biomass 

Indige-
nous 

Poplars 2.4 No data   40 No data No 
data 

No 
data 

 P. alba         
 P. nigra         
 Willows 15.3 No data   40 No data No data No data 

 S. alba         



Planted Poplars 68.1 8,3 24-25   362791 35059 No data 

 P. alba         
 P x 

euramericana 
  24-25   362791 35059  

 Willows 14.2 2.4 27  34 12258 8291 No data 
 S. alba      12258 8291  

Grand Total  100        
 
 

Mean Average Increment (MAI) per hectare in poplar plantations intended for timber 
production is 8.3 m3·ha-1·year-1,and 2.4 m3·ha-1·year-1 for willows. Wood removal in 2011 in poplar 
plantations was 362791 m3 of industrial roundwood and 35059 m3 of fuelwood. In willow 
plantations in 2011 was removed 12258 m3 of industrila roundwood and 8291 m3 of fuelwood. No 
official data was avalilable for the MAI and wood removal for indigenous poplar and willow 
forests. Average rotation lenght in poplar plantations intended for timber production is 23 years, in 
indigenous poplar and willow forests is 40 years. In willows, average rotation id 27 years for 
production and 34 years for protection plantations. 

 
 
 

3.Main cultivars/clones in use in planted forests  
 
Table 3 

Main cultivars/clones in 
use % 

Originates from 
certified 

germplasm (yes/no) 
Major end-use 

Poplars    
Populus x euramericana, cl. 
"Pannonia" 48%      Y timber & fuelwood 

Populus x euramericana, cl. I-214 46% Y timber & fuelwood 
Populus deltoides, cl. "Dunav" (S-
1-8) 

<1% Y timber & fuelwood 

Populus deltoides, cl. "Sava" (S-6-
36) 

<1% Y timber & fuelwood 

Populus deltoides,  cl. NS-1-3 <1% Y timber & fuelwood 
Populus x euramericana, cl. Ostia 1% Y timber & fuelwood 
Populus x euramericana, cv. 
Robusta 1% Y timber & fuelwood 

Populus x euramericana, var. 
Italica <1% Y timber & fuelwood 

Populus deltoides,  cl. Bora <1% Y timber & fuelwood 
Populus deltoides,  cl. B-81 <1% Y timber & fuelwood 
Populus deltoides,  cl. 181/81 <1% Y timber & fuelwood 
Populus deltoides,  cl. Antonije <1% Y timber & fuelwood 
Populus deltoides,  cl. 129/81 <1% Y timber & fuelwood 
Populus deltoides,  cl. S 1-5 <1% Y timber & fuelwood 
Populus deltoides,  cl. 665 <1% Y timber & fuelwood 

Total poplars  100   
Willows    



Salix alba, cl. B-74 N/A Y timber & fuelwood 
Salix alba, cl. B-72 N/A Y timber & fuelwood 
Salix alba, cl. B-44 N/A Y timber & fuelwood 
Salix alba, cl. NS-107/6 N/A Y timber & fuelwood 
Salix alba, cl. NS-79/2 N/A Y timber & fuelwood 
Salix alba, cl. NS-73/6 N/A Y timber & fuelwood 
Salix alba, cl. NS-107/65/1 N/A Y timber & fuelwood 
Salix alba, cl. NS-107/65/7 N/A Y timber & fuelwood 

Total willows  100   
 
All poplar cutivars in use are poplars from section Aigeiros with greates share of Populus x 
euramericana cl. "Pannonia" (48%) and cl. I-214 (46%), while all other clones have sum of 
approximately 5%. Major end-use is timber (sawn timber, veneer and packaging) and 
fuelwood. Willow clones used in Serbian are clones from Salix alba , but there is no official 
data about share of each clone in use. Major end use is timber and fuelwood. 
 
 
 

4. Tree ownership in 2011 
 

Table 4 
 

Forest category 
Public ownership Private corporate 

ownership 
Private smallholder 

ownership 
Other ownership 

Prod Prot Other Prod Prot Other Prod Prot Other  Prod. Prot. Other 
% % % % % % % % % % % % 

Indigenous Poplars  72,31      27,69     

 Willows             

              

Planted Poplars 95,10       4,90     

 Willows             

              

Agrofor./ 
TOF 

Poplars  100           

 Willows             

 
The highest percentage of plantations disregarding their function is in public (state) 

ownership. 72.31 % of natural poplar and willow forests intended for environmental protection is in 
public (state) ownership, and 27.69 % are private forests. 
 
 

5.Forest products from poplars and willows 2011 
 

Forest category 
Fuelwood 

chips 
Industrial 
roundw. 

(logs, pulpw.) 

Wood-pulp  
(mech. or 

chem.) 

Particleboard 
fibreb. (MDF, 
(hardboard)  

Veneer 
sheets 

Plywood Sawn-
timber 

  ‘000 m3 (r) 

Indigenous From 
poplars No data No data No data No data No data No data No data 

 From  No data No data No data No data No data No data 



 
According to official data, main forest productsin 2011 from poplars was industrial roundwood 
(299512 m3), while for willows is almost equal amount of industrial roundwood (8261 m3) and 
fuelwood (8291 m3). There is no official data about production of other forest products. 

 
 
 
6. Foreign trade with poplars and willows in 2011 
 
Table 6. Foreign trade in 2011 
Imports of poplar 

and willow 
products 2011 

‘000 m3 
(r) 

Countries of origin Estimated share of 
country of origin in p&w 
imports of this product 

(%) 
Fuelwood, chips  No data   
Industrial 
roundwood (logs, 
pulpwood) 

No data   

Wood pulp  
(mech. or chem.) 

No data   

Particleboard, 
fibreboard (hardboard, 
MDF) 

No data   

Veneer sheets No data   
Plywood No data   
Sawn timber 2 1)Hungary 

2)Croatia 
3)Bosnia&Herzegovina 

1)50% 
2)30% 
3)20% 

Exports of poplar 
and willow 

products 2011 

‘000 m3 
(r) 

Destination countries Estimated share of the 
destination country in 
p&w exports of this 

product (%) 
Fuelwood, chips  No data   
Industrial 
roundwood (logs, 
pulpwood) 

No data   

Wood pulp 
(chem.. or chem..) 

No data   

Particleboard, 
fibreboard (hardboard, 
MDF) 

No data   

willows 
         

Planted From 
poplars 35 299 24 No data No data No data No data 

 From 
willows 8 8 1 No data No data No data No data 

         
Agrofor./ 
TOF 

From 
poplars No data No data No data No data No data No data No data 

 From 
willows No data No data No data No data No data No data No data 



Veneer sheets No data   
Plywood No data   
Sawntimber 23 1)Italy 

2)Israel 
3)Slovenia 

1)55% 
2)13% 
3)12% 

 
Due to the fact that main users of popalr and willow are domestic wood processing enterprises, smaller 
share of poplar and willow products are exported mainly to Italy, Israel and Slovenia. According to 
official data, import was very low.  
 
 
 
 
7.Prevailing trends until 2020 in the development of poplars and willows in your country!   
 
 increase decrease remain as 

it is 
don’t 
know 

The conversion of natural poplar 
and willow forests to other land uses 
will... 

  X  

The area of planted poplar and 
willow forests will.... X    

The area of poplars and willows for 
bioenergy plantations will .....   X  

Investments in poplar and willow 
tree breeding programs will .....  X   

Government investments in the 
poplar and willow sector will ...   X   

Private investments in the poplar 
and willow sector will ... X    

The significance of poplars and 
willows for productive purposes  
will ....... 

X    

The significance of poplars and 
willows for environmental 
purposes will ....... 

X    

The rejection by environmental 
groups of planted poplar and willow 
forests will ........ 

X    

The acceptance by the general pub-
lic of poplars and willows being 
important natural resources will........ 

X    

 
 



The conversion of natural poplar and willow forests will remain as it is because almost all  
natural forests are under some regime of protection. Despite to that fact, the area under poplar and 
willow plantations will increase by afforestation of abandoned agricultural soils what is stimulated 
by new legislative on agricutural soils and forests. Unfortunately, the area of biomass plantations 
will remain as it is because of still undeveloped market and infrastructure for use of biomass.  

Present trends of nature protection have significant influence on tree breding programs, 
what will decrease investments both in breeding and in poplars. Private investment will increase 
due to the increase of intetrest in aforestation of agricutural lands and future biomass production.  

Although the pressure of environmental groups will still be sigificant, especially for natural 
forests conservation, the significance of poplars will increase in the scope of environmental uses, 
especially in phytoremediation and windbreak agroforestry systems.   
 
III        TECHNICAL INFORMATIONs 
 
 Identification, registration and varietal control 

 
The identification and registration of poplar clones is done according to the law on forest 

reproductive material which was innovated in 2004 but comprised the former register of varieties 
and cultivars. By the provisions of this law a new variety is listed in the national register only if in 
the experiments of the Variety commission it shows an advantage of some of the properties 
significant for cultivation when compared with the registered variety – best at the same property. 
The same testing procedure is applied to newly – created domestic cultivars as well as for the 
foreign cultivars for which the permission for their listing into the national register is required. 
According to the Law on Forest Reproductive Material, the poplar and willow cultivars will be 
registered in category “tested”. 
During the reporing period two new poplar clones Populus deltoids Bartr. cl. “Bora” and Populus 
deltoids Bartr. cl.”Antonije” were selected for registratration. In 2009, these clones obtained 
conditional registration with 5 year confirmation period. Final registration of these clones is planned for 
2013. 
 

1. Cultivation 
 

Nursery practices and propagation techniques, including new machines and equipment.  
 

A well-organized production of reproductive and plant material is very important factor in 
the production of poplar and willow woods. The nursery practice, as a primary phase in the total 
technology of poplar and willow plantation growing must be adjusted to the demands of all the 
elements which condition the realization of the planned intention of establishing and breeding of 
plantations. 
 The basic properties of soil for the production of quality planting materials of poplar and 
willow nursery (undeveloped alluvial soil -fluvisol) is characterized physiologically active depth profile 
of 115 cm. The average depth profile is the dominant fraction of fine sand (from the surface to 115 cm). 
Below the 115 cm the the dominant fraction is sady-clay loam. Humus content is low (0.1 %) in depth 
from 15 to 115 cm. Carbonate content is high and ranges from 14.18 to 16.77%. The reaction of soil 
solution is alkaline (average 7.8). Carbon content was higher in surface horizon alluvial undeveloped 
soil in relation to the former humus dark soil horizon.  



In the recent period investigated the efficiency and selectivity of herbicide combinations 
acetoklor + flurokloridon, acetoklor + metribuzin and acetoklor + prometrin in production of poplar 
seedlings. Tests are set at two systematic unit of soils, with different physico-chemical properties. 
Investigated soils have different the reaction of soils, the content of CaCO3, P2O5 and organic 
matter. The different physical and chemical characteristics of soils influenced the composition of 
different weed vegetation, and the conduct and operation of the tested herbicides. At both study 
sites were the dominant broadleaf species while grass were represented to a lesser extent. All 
investigated combinations of herbicides reduced the number of weeds in the investigated sites. Best 
efficiency in weed control on both studied surfaces is achieved by applying combinations of 
herbicide acetoklor + prometrin. Flurokloridon herbicide on both studied surfaces caused a transient 
damages on poplars seedling. Herbicide metribuzin is fitotoxic function manifested on the soil with 
a greater involvement of the total sand and its application to land lighter texture not recommended. 

Like in previous reporting period  high attention was focused on examination of variability 
of rooting characters and their dynamics, as a step to the improvement of selection tests, especially 
in Eastern Cottonwood through examination of the influence of the effect of date of cutting 
preparation and planting, type of storage and application of rooting stimulators.  

The research in last period is the continuance of long term research on poplar vegetative 
propagation. The improvement of vegetative propagation of superior poplar genotypes is constant 
priority in Institute of Lowland Forestry and Environment in Novi Sad, Serbia, as an important part 
of breeding process and design of cultivar technology. In last few years the special attention is 
dedicated to the optimization of the selection process, importance of particular sources of variation 
on cutting rooting and the possibility of utilization of inhibitors of ethylene action in the stimulation 
of cutting rooting and survival. According to these results the root formation at the beginning of 
rooting and further shoot growth could be used in fast screening in selection tests. The first 80 days 
after the cutting planting is critical for its survival. The effect of foliar treatment with ethylene 
inhibitors, especially cobalt chloride, appeared to be satisfactory in in rooting of eastern 
cottonwood, but the effects on white poplar cuttings are still examined.  

The rooting and survival of normal (1/1) and plants for deep planting (1/0) appeared to be 
significantly dependent on the characteristics of genotype. The recently registered cultivar Populus 
deltoides cl. Antonije showed remarkable survival (more than 95%) of plants 1/0 on sandy fluvisol, 
without the contact with underground water and no irrigation. 

The research of rooting of morphological characters of rooting of white willow (Salix alba 
L.) showed significant differences among genotypes. The correlation of morphological characters 
with survival is stronger for characters of shoot, especially shoot height, than for characters of root 
system. That suggests that the attention on shoot characters in willows is even more important than 
in black poplars. Also, the specific bulks of roots are noticed, and it seem that their appearance is 
genetically controlled.  

Furthermore, application of naphthenic acids showed significant improvement of cutting 
rooting in many species, and among them in Eastern cottonwood and White poplar. 
 

 
Plantations 

 
 Poplars from the section Aigeiros Duby (Black Poplars) are hidrologically dependent 
species that inhabit river banks naturally. Thus, natural habitats of black poplars are on river banks, 
on hidromorphic soils. 



The analysis of physical and chemical properties of three forms of fluvisol (sandyloam, 
loam and with fossil soil) shown for the central Danube Basin and their influence on poplar 
plantation productivity. The greatest variation among physical properties was found for silt+clay 
fraction which caused different texture class per profile depth (sand to silty loam). Chemical 
properties of studied soil were very similar on the average, with the greatest difference being 
determinated for humus content. Variation of humus content in humus-accumulative horizon ranged 
from 0.67 to 6.90%. Average humus content per profile depth ranged from 0.71 to 2.91%. Volume 
of the average trunk stand ranged from 2.88 to 3.09 m3 of the studied soil-systematic units at the 
end of rotation period. The greatest stand volume was determined when fraction of silt+clay was 
37.4%. The mentioned data confirmed results of previous investigation that dependence of volume 
of Populus x euramericana cl. I-214 in relation to fraction of silt+clay fraction had the form of 
parabola with the silt+clay fraction content ranging from 30-45%. Rotation period of maximal 
production of wood mass on fluvisol with fossil soil and on sandy loam fluvisol was determined in 
the 21st, while on loamy fluvisol in the 23rd year of stand age. The greatest participation in the 
structure of selection was determinated for F logs, so the participation of F logs ranged from 50 on 
loamy fluvisol to 56.5 on fluvisol with fossil soil. The greatest income at the end of rotation period 
was obtained on sandy-loamy fluvisol. 

Results from studies associated with production and structural stand characteristics of 
registered black poplar clones (I-214, 618, 457, 55/65 i S6-36) after 20 and 30 years of stand 
development on Sava river alluvium soil are published. Experimental stand was established in three 
replicates at planting distance of 4,25 × 4,25 m, and nine years later the mainly shematic thinning 
out was conveyed, so the planting distance was brought down to 6 x 6 m. Thirty years after 
development of the stand, the studied clones had similar mean elements of the growth (dg20%, dg, 
gs), while difference found in elements of stand growth (N, G, V) was due to decreased number of 
trees in the period between 20 and 30 years. Achieved values of mean basal area diameters ranging 
from 38.1-40.4 cm, mean heights from 37.0-37.9 m, basal areas from 28.5-30.5 m2·ha-1 and 
volumes from 495-585 m3·ha-1 after 30 years of investigation confirmed the high production 
potential of studied clones under the conditions of Sava river alluvium soil. 

 
 
Indigenous Forests 
 

 European black poplar (Populus nigra L.) and white poplar (Populus alba L.) are among 
dominant tree species in autochthonous biocenoses of riparian zones in Serbia. However, these species 
become rare and even endangered, especially in case of European black poplar. Their habitats are used 
for the establishment of plantations of more productive poplar species euramerican (poplar and eastern 
cottonwood), as well as for other purposes like: agriculture, urbanization, flooding control etc. The 
protection of habitats and reforestration by these species are of crucial importance in restoration of 
autochthonous biocenoses in reparian zones. Beside the preservation of biodiversity, they are important 
in flooding control, control of underground water level, water quality, etc. More than 60 genotypes of 
European black poplar and white poplar from 18 populations throughout the Serbia are collected and 
propagated by means of micropropagation. The genotypes are propagated by axillary buds to reduce 
chances for somaclonal variation. The genotype collection in form of stoolbed established by this 
material will be the base for the production of planting material for nursery production and further 
afforestration, presumably in protected areas. The collected genotypes would be used in the 
conservation of biodiversity of riparian areas in Serbia. 
 



2. Selection and Breeding 
 
 Renewing of gene banks and stoolbeds for selection of new genotypes in the period 2008-
2011 was conducted in the scope of conservation. New stoolbed containing more than 50 genotypes 
candidates for future selection was planted.  

The reserach work regarding poplar tree species was conducted in the area of genomics 
dealing mainly with genotyping and molecular taxonomy using various nuclear markers to 
determine the genetic relationships within genotypes, their genetic distance and fingerprinting 
profiles, screening and testing tolerancy to Melampsora sp. of valuable poplar clones in order to 
evaluate their genetic potentials for breeding programs.  Also, research related to selection of poplar 
clones for phytoremediation was continued. 
 

Aigeiros section 
 

The genotypes were of different genetic background (clones, cultivars, hybrids) of two 
sections (Aigeiros and Tacamahaca). Different marker systems such as SSR, AFLP, RAPD, ITS-
PCR and PCR-RFLP were  employed. AFLP primer combinations and SSR markers (PTR and 
WPMS) were used in genotyping procedure and fingerprinting profiles. Starting molecular 
phytopathology employing two SSR markers, MmCAT-30 and MlCAG-10 were used for diversity 
investigation and two RAPD markers (OPG10 and OPZ19) linked to Lrd1 locus were applied for 
screening of tolerance to causal agent of poplar rust Melampsora sp. in the studied genotypes. 
Marker systems applied successfully, amplified the genetic profiles of the genotypes of interest. 
According to cluster and principal coordinate analysis, the differences within genotypes and their 
belonging to particular poplar section were detected. Fingerprinting profiles were revealed for 
certain clones. Two SSR loci, MmCAT-30 and MlCAG-10, indicated the existence of two 
Melampsora  species in poplar genotypes. The first is the widespread in Serbia, M. larici-populina, 
while the other, according to literature and our preliminary results, could be M. medusae. Screening 
15 poplar genotypes with two RAPD markers it was revealed the existence of  locus OPG10  in 
three genotypes belonging to P. deltoides  and P.x euramericana species indicating their different 
level of tolerance to pathogen while locus OPZ19  was detected in one P. deltoides  genotype.  

All molecular systems applied in this study, SSR, AFLP, RAPD, ITS-PCR and RFLP  
proved to be a useful tool for genotyping and marker-assisted selection in poplar breeding 
programs. The results of this investigation are of significant importance for further research work in 
this field. 

 Due to that fact the Institute is participating the EUFORGEN – Populus nigra Network 
within which it works on the black poplar gene fund protection "in situ" and "ex situ", management 
of black poplar EUFORGEN ex situ collection was continued in this project period.  

 
 

Leuce section 
 
 Leuce poplars, above all white poplar (Populus alba) and its natural hybrid, grey poplar 
(Populus x canescens) are  native stand-forming tree species in Hungary and Serbia. More than 70 
per cent of their stands and plantations can be found on calcareous sandy sites in the Danube–Tisa 
region, so they play a significant role in the poplar management of this part of the country. One of 
the most important tasks ahead of Hungarian and Serbian poplar growers is to improve the quality 



of poplar stands and plantations for wood production  based on selecting relatively drought-tolerant 
clones and cultivars. In the paper the juvenile growth and the morphological characteristics of five 
micropropagated Leuce poplar clones have been evaluated on a marginal site in central Hungary. 
The clones ‘H-337’ (P. alba x P. grandidentata), H-384‘ (P. alba x P. grandidentata) and Populus 
alba L-12 can be especially promising for quality wood production under arid hydrological 
conditions. 
 

Tacamahaca section 
 
 Populus nigra x Populus maximowiczii hybrid was included in phytoremediation experiments. 
Also, the clone from this section has been used for genetic investigation related to Mellampsora spp.  
resistance. 
 
 

Willows 
 

The examinations of physiological and growth characteristics in white willow, both on 
contaminated and regular soils were conducted as well as inventory of micological flora and tolerance 
on Chrysomela populi in Salix species. 
 

4. Forest protection 

Biotic factors  

Nurseries and plantations of poplars and willows in Serbia were in the previous period 
(2008-2011) threatened by a number of adverse factors of biotic and abiotic nature. Among the 
above factors, a special place and importance had inducers of plant diseases and insect pests. This 
chapter provides an overview of the chronological order of the most important occurrence of 
harmful organisms, and that can be said to have not only local but also a broader significance in the 
cultivation and protection of poplars and willows. Management and cultivation of valuable 
plantations raised in the past, often could not be imagined without adequate safeguards against 
harmful organisms. A very large contribution to the successful efforts to protect these plants gave 
the Institute of Lowland Forestry and Environment and his associates. Thanks to a well-organized 
forecasting and the reporting services, numerous health problems in nurseries and plantations of 
poplars and willows were identified. Monitoring of harmful organisms, or work on their detection, 
monitoring and diagnosis was carried out primarily through a number of heath examinations of 
forests, plantations and nurseries. Up to date monitoring of the situation in these facilities, the 
perceived importance of major diseases and insect pests, and pointed to the protective measures that 
are undertaken when they were needed. The general condition, and in this case health status of 
nurseries and plantations of poplars and willows in the past has been satisfactory in spite of 
numerous problems that have hampered the establishment of plantations and development of plants. 

Amongst various diseases found constantly or periodically on poplars, following three  
have significant economical impact: (I) Dothichiza populea Sacc. et Br.; (II) Marssonina brunnea 
Ell. et Ev. (P. Magn.) and (III) Melampsora spp. 



In area of poplar growing in Serbia, Dothichiza populea did not reached the local 
ephiphytic proportions  and its harmful effects manifested in a relatively small number of plants in 
nurseries and young plantations of poplars. In the spring of 2008, the fungus was reported in new 
formed stoolbeds of poplars in several nurseries. In early May, when the plants reached a height of 
ten inches, in a number of rooted cuttings was recorded cesation of further growth, the appearance 
of chlorosis and shoot dieback. Cortical tissue of cuttings and the newly formed shoots were 
infested by fungus, which is the reason why production of seedlings in the nurseries was reduced at 
the start. Dying of plants was in the first place caused by the sensitivity of clones to D. populea but 
conditions of habitats was also significant at certain plots. A number of cultivated clones was 
infected to varying degrees (15-40% of plants), but only a small number of clones was resistant to 
fungal attack.  

Damage caused by the attack of the fungus was recorded in poplar nurseries and plantations 
in 2009 and 2010 in the region of Posavina and affected approximately 20-40% of the plants. More 
frequent occurrence of D. populea in young poplar plantations established from clones belonging to 
P. deltoides, indicating relatively rapid adaptive ability of pathogens to most of existing genotypes. 
Although the plantations in Posavina apply the full technology for afforestation  and does not favor 
one group of clones or clone, the presence of fungi and damage caused by these activities were 
recorded in plantations and nurseries of her pointing to the need for constant monitoring and the 
introduction of clones that show a low susceptibility to this pathogen.  

Young poplar plantations in the region of Vojvodina (North part of Serbia)  in 2011 showed 
no significant damage caused by the fungus D. populea.  

In the period 2008-2011, the conditions for the emergence and spread of fungi Marssonina 
brunnea were not favorable. This was particularly contributed by the sudden change of rainy and 
dry periods followed by high temperatures. Precipitation, which were predominantly showers led to 
the erosion of a large number of spores from the surface of plant organs, not allowing them to 
germinate and establish infection on the leaves. On the other hand, periods without rain were warm 
and occasionally with very high temperatures, which is also had the negative aspect to the 
epidemiology of fungi. The relatively favorable state of the soil moisture favoured good conditions 
for development of plants and the presence of fungi in a small degree on the leaves. The fungus was 
suppressed during this period at several sites in the Danube region, where the crowns of  one-and 
two-year poplar trees were treated with „Benfungin“ and „Quadris“ with good success. 

Based on the above data it is evident that the fungus M. brunnea did not severely affect 
plants in nurseries and plantations of poplars, because climatic conditions were not favorable for its 
development and expansion. We also point out that the damage caused by fungus attack in recent 
years largely mitigated by selecting and breeding of clones with low susceptiblity to the pathogen 
(clones of P. deltoides). 

Unlike the causal agent of brown leaf spot, whose presence is more to the younger 
plantations, fungi of the genus Melampsora  have greatest infectious potential of plantations to 
reach age 20 and older. In the past, the stronger rust occurrence was recorded every year in the older 
plantations of poplar clones susceptible to the this fungi (I-214, Ostia, 618, S 1-8, S 6-36). In these 
plantations, the attack of rust during August and September manifested by changing colors of leaves 
and premature defoliation. The intensity of attack is varied depending on the sensitivity of clones, 
age of plants and the habitats mikrouslova. It was observed that the infection of leaves on trees 
raised in a less favorable habitat for growing poplar (protected zones along rivers, dry, sandy 
habitats, etc..) was higher than the crops raised on the sites with maximum potential for poplar 
cultivation. 

In young poplar plantations, mostly clone I-214, fungi of the genus Melampsora spp. were 
suppressed using chemically different fungicides (Saprol, Benfungin, Cineb). The treatments were 
carried out in second part of the vegetation peroid and had predominantly a preventive character. 



Thanks to multiple preventive and repressive measures taken chemical protection in nurseries, the 
presence of rust on the leaves of susceptible poplar clones is reduced to a tolerable level. The 
occurrence of these fungi in nurseries was recorded at the end of the growing season (between 
defoliation), and had no effect on development and size of seedlings. 

Developing in the cortical tissue of poplar trees, fungi from genus Cytospora sp. continue to 
accelerate drying of the plants infected with D. populea due to the fact that they belong to the group 
of weak parasites and their importance is secondary. Their presence in the bark of young trees in the 
poplar plantations are found in the previous period in many locations - often together with D. 
populea. In the spring 2011, in a number of seedlings of Eastern cottonwood clones (Cl. PE 19/66, 
B-229, B-81) in the region of Posavina, was discovered presence of species Cytospora ambien 
Sacc. In the bark of plants were found numerous and large necrosis with formed fruiting bodies. 
The appearance and size of fruiting bodies and spores in them was tool for determination of a listed 
species. Necrosis on the smaller trees along the cortex showed the presence of the fungus Diaporthe 
eres Nitsch. The parasite colonizes the bark of weakened plants, and on poplars it often occurs 
together with Cytospora species what indicated a strong drying of plants. It was concluded that the 
cause dying of a large number of seedlings planted in the inspected plantations was result of but 
poor physiological conditions and the stress caused by the spring planting plants outside the 
optimum date. Cytospora fungi and Diaporthe identified in the bark of seedlings can’t be 
considered the primary cause of death of plants. 

During the summer of 2008. in poplar nurseries in Posavina, viral symptoms were found in 
stoolbeds of poplar clones (B-81, B-229, PE 19/66, S 1-3). The disease is manifested by typical 
viral hypoplasia, or a general reduction in plant growth and development disorders in buds and 
leaves. Some seedlings showed the symptoms of viral and hyperplasia. Under the influence of the 
virus, there was a stimulating dormant buds and the appearance of "broomy" growth of plants on 
top. These seedlings and plants with underdeveloped or dry tops and buds were removed from 
nursery production. 

Willows have less economic importance than poplars in the cultivation in Serbia. 
Cultivation on a smaller area results in rare need for chemical suppression of pests and diseases. 
The most important disease of willows in Serbia by the fungus Glomerella miyabeana (Fuk.) Arx. – 
the cause of death of young shoots, leaves and bark. The occurrence of these fungi is found in a 
number of newly planted willows in the Middle Danube region, where there was a complete death 
of aerial parts of plants. The fungus was identified by the external field symptoms (necroses and 
fruiting bodies on them), and later was microscopically confirmed to be working on the said 
pathogen. 

In nurseries and young plantations of willow was found presence of different leaf diseases 
(Ascochyta salicis, Phyllosticta salicis, Marssonina salicicola capraearum and Melampsora spp.). 
Depending on climatic conditions, these diseases are occurring in varying degrees and intensity. 
Chemical control measures are not undertaken, and their presence on the leaves had no adverse 
effects on the physiological state of plants and their growth. 

Amongst the complex of insect pests that occur each year in nurseries and young 
plantations of poplars in Serbia, a special place belongs to the insects of the family Chrysomelidae. 
These insects had a dominant share in the damages in young poplar plantations, and in some 
localities had the character of gradation and each year several dozen hectares were treated. 
Suppression actions are taken promptly, and major consequences for the plant were not observed. 

In young poplar in Posavina during spring 2008 was observed phenomenon of a unique 
type of calamity of Chrysomela vigintipunctata Scop. In Serbia, this specis did not occur in great 
numbers so far, and its presence in nurseries and plantations of poplars and willows were the only 
sporadic. The pest was successfully suppressed with full preparations "Decis" and "Malathion" a 
total area of 54.9 ha.. 



Blue willow leaf beetle (Plagiodera versicolora Laich.) occurred in the outbreak in young 
poplar plantations during the spring of 2010. in Posavina. To our knowledge, this species has not 
occurred in large numbers in Serbia over the past few decades. It was efficiently suppressed at area 
of 11.2 ha. 

Every spring was observed the activity of weevil from genera Byctiscus, and Phyllobius and  
Polydrosus in young poplars. In localities where these insects are reported in increasing numbers 
the trees have suffered considerable loss of foliage in they were not suppressed.  

In nurseries and young plantations of poplars in Serbia in the past period were frequent and 
sometimes very numerous damages from xylophagous insects. Damage in young plantations of 
poplars caused both physiological decline of infested plants, and  mechanical weakening of the 
trees. Alder weevil (Cryptorrhynchus lapathi L.) was suppressed in early spring of 2008 and 2009 
in young poplar plantations in Posavina. Bark of young trees was thoroughly sprayed with 
insecticide with complete success.  

Protection of infested trees by Paranthrene tabaniformis L. in young poplar plantations in 
Posavina was performed every year in July-September. Using the method of injecting gasoline in 
star hall with good success. 

Aphids have appeared occasionally in nurseries and young plantations of poplars, and if 
necessary, were suppressed by the insecticide (product Actara). Predominant species occurred at 
poplars were Chaitophorus leucomelas and Pterocoma populeum. 

The constant presence eggs of gipsy moth (Lymantria dispar L.)  was registered only at one 
site in the mature poplar plantations in the Banat region. In this area was conducted airborne 
treatment in the spring of 2009 with partial success on area of 132.9 ha. In 2008, 2010 and 2011 
soaking of eggs with oil was performed on the same site. In other areas of poplar growing in Serbia 
gypsy moth occurred in small limited areas where eggs were effectively suppressed by soaking 
from the ground. 

Cateprillars of Operophthera brumata L. and Hibernia defoliaria L. have damaged crowns 
of trees  in the area Mužljanskog Rita (Banat) during spring 2008 and in the following spring were 
successfully suppressed with airborne treatment on area of 480.5 ha. In region of Posavina, during 
the gradation of these insects in oak forests in spring of 2008, the attack was spread to the adjacent 
young plantations in the area of  approximately 200 ha, whicg was treated from the ground. 

Cotton bollworm (Helicoverpa armigera Hüb.) was first observed on poplars in Serbia in 
July and August 2007. in a nursery on the Tisza River. Damage caused by caterpillars were 
recorded in the same nursery in 2008, and also in the experimental field of Institute of Lowland 
Forestry and Environment. Caterpillars attacked terminal shoots of seedlings euramerican poplar 
clones (I-214, Pannonia, 9111/93). Previous observations suggest that corn moths cause damage to 
poplars, mostly limited to the tops of terminal shoots while foliage remains undamagedwhat causes 
“broomy” growth and shape of plants. Its occurrence in Serbia and other European countries might 
be the result of global warming and causes migration of this thermophilic species from North Africa 
and the Mediterranean to the northern Balkans and Central Europe.  

During the summer of 2008 in a poplar plantation in the area of Posavina was  observed 
damages on leaves of poplars caused by Proleucoptera sinuella Rtti. Large percentage (>50%) was 
attacked by parasitoids. The presence of parasitoid larvae reduced the occurrence of third 
generation, and therefore significant damage to foliage of trees. Prevention measures were 
not necessary. 

In young poplar in Posavina during spring and summer, appearance of Pygaera 
anastomosis was recorded. The pest was present in younger poplar plantations on a total area of 
361.4 ha. In mid-June, on the part of the affected area (114.1 ha) was successfully controlled with 
the product "Talstar". In older plantations, in which protection was not carried out, second 
generation larvae caused browse the different intensities (10-50% of leaf mass with the area of 6-7 



ha fully defoliated. The natural breakdown of populations was due to high parasite larvae II 
generation (viral illness) and the presence of beneficial insects. 

Heavy damage in the form of peeling bark has done the deer in late winter of 2010 in young 
poplar plantations in the upper Danube region. It is proposed to  fence plantations and then to coat 
bark with protective phytobalsam. Damage were also registered in poplar plantations in 2011 as 
crushing or bark stripping a number of seedlings. 

 
Abiotic factors 
  
During winter and early spring of 2009, the some young plantations were exposed to 

flooding from Sava river. Low temperature caused ice forming  which caused damages on the bark 
of trees during returninh of water into the riverbed. Smaller injuries were coated with phytobalsam 
to facilitate faster healing of wounds, while severely damages trees were replaced with new plants. 
Similar damages were registered in poplar plantations in the Lower Danube in 2010 and 2011. 

Danube flooding  wave caused great damage to trees in young poplar plantations during the 
spring and summer of 2009. Damages were shifting of the longitudinal axis of trees to a certain 
point and laying of trees at the ground due to the softened soil. Restoration was carried out by 
correcting trees, and then their stabilization with wooden poles and ropes. 

 
  
5. Harvesting and Utilization 
 
  

 Utilization of poplars and willows as a renewable source of energy (“bioenergy”). 
 

 The overview of activities and adopted legislation of the Republic of Serbia was given in 
order to encourage the use of biomass for energy production. The basic facts including an Action 
plan for biomass adopted in 2010 were given. This Plan defined strategy for use of biomass as 
renewable energy source taking into account the potential of national strategies, legislation and 
European directives. To most of the identified problems are expected to be solved within the time 
frame defined till the end of 2012, and the long-term activities are outlined. Technically usable 
energy potential of renewable energy sources in Serbia which is estimated at over 4.3 million tons 
of oil equivalent (toe) per year is given in this paper, from which some 2.7 million of toe presents 
an annual biomass potential. The Government of the Republic of Serbia has set a target relating to 
electricity production from renewable energy sources to increase the share of electrical energy 
produced from RES to 2.2% compared to total consumption of electricity in 2007, and proportion of 
bio-fuels and other fuels from renewable sources on the market to be at least 2,2% of the total fuel 
consumption for transport purposes. 
 Results of examination of mean annual increment and estimated energy production of 
plantations with a high number of poplar plants per hectare are shown for seven experimental 
clones of eastern cottonwood P. deltoides cl. B-229, cl. B-81, cl. 129/81, cl. 182/81, cl. 181/81, cl. 
PE 4/68, cl. 665 and Euramerican black poplar P. x euramericana cl. M-1 (16667 plants per 
hectare). Based on measured parameters of growth elements of mean trees in two plantations,  
biomass (oven dry) weights per hectare were calculated after one year and two years, and the 
potential energy obtained by combustion of the total aboveground biomass (stem and branches, 
without leaves) was estimated. The estimated average energy yield of 64883 GJ/ha (for all clones) 



in the first year, is significantly higher in the second year and amounts to 260741 GJ/ha, which is 
the increase by about four times, with significant interclonal differences. 

Results for to the biomass yield of five poplar clones in the testing phase are shown for P. 
deltoides cl. B-229, P. deltoides cl. B-81, P. deltoides cl. 182/81, P. deltoides cl. PE 19/66, and 
Euramerican poplar P. x euramericana cl. Pannonia, in experimental plantations of seven years, 
with planting space of 6x6 m (278 plants ha-1) on two soil types. Also, the analysis of the biomass 
yield of the same clones that were established as dense plantations, by sprouting one shoot per stool 
after harvesting in the experimental estate of Institute planting space with 16667 plants ha-1 (1.5 m 
between rows, and 0.4 m within rows). The energy that could be obtained by biomass combustion, 
on base of  wood calorific values for the examined clones has been estimated. It was found that the 
maximum weight of biomass (annual), and thus also the energy in SRF plantations, are obtained by 
the clone PE19/66 – 7236 tha-1, and 134556 GJha-1, respectively. However, clone B81, which 
achieves the maximum values in the SRC plantations ( 6617 tha-1, and 121523 GJha-1), has the least 
oscillations in all experiments and is very close to maximum values in SRF plantations. 

Plantations of the most common clone, P.x euramericana cl.-I 214 were considered, of 10 
years of age with different number of rotations (2 to 9), and different plant densities (2500 to 40000 
plants/ha). We estimate the potential amount of energy plantations of 6 new poplar clones (P.x 
euramericana cl. Ostia, P.nigra cl.53/86, P deltoides cl. PE 19/66, P. xeuramericana cl.I-214, P.x 
euramericana cl. S6-7, P.x euramericana cv. Robusta), whereby two different plant densities were 
tested (38461 plants ha-1 and 83333 plants ha-1). Analysis also included experimental clones which 
are in the phase of selection at the Institute, with seven new experimental clones of eastern 
cottonwood, P. deltoides cl. B-229, P. deltoides cl. B-81, P. deltoides cl. 129/81, P. deltoides cl. 
182/81, P. deltoides cl. 181/81, P. deltoides cl. PE 4/68, P. deltoides cl. 665 and euramerican poplar 
P. x euramericana cl. M-1, planting space of 16667 plants ha-1. The biomass produced varies in a 
very wide range from about 3 t/ha to over 20 t/ha depending primarily on the plant’s age, and plant 
density, and only secondarily on the poplar clone type. Differences in the higher heating values 
among the tested clones are relatively minor, except for the clone I-214, which also has a 
significantly lower value of wood density as compared to other clones; this markedly affects the 
yield of dry biomass (o.d. mass). Estimated amount of energy per hectare of plant varies between 
200 GJ/ha and 400 GJ/ha, depending on the weight of biomass and higher heating values of wood 
(stem and bark) of each individual clone. 
 In short rotation forestry the greatest production was achieved in series of stand trials 
established with clone Populus euramericana I-214 with annual rotations (production process of 9 
years). Since establishment and care measures, clear-felling, manipulation and preparation for usage 
were far simpler and a good deal cheaper in relation to biomass from other source of production it 
can be concluded that this form of poplar stands was the most profitable for biomass production 
intended for energy production. In nine production cycles of one year in length, the amount of 
obtained biomass ranged from 485m3/ha, or on average 53,9m3/ha annually. 
 

5. Environmental uses 
 
 

Site and landscape improvement 
 

Vojvodina (northern autonomous province in Serba) is one of the least afforestred regions 
in Europe. The examination of site resources of Vojvodina suggested that its sustainable 



development and biodiversity is loaded by insufficient afforestration degree (6.51%). It is especially 
the situation in the agicultural production zone (1%). 

After the water regulation along the Danube river, the area of natural forests site decreased 
and the vegetation strongly fragmentized. The goal of the study was to survey the recent 
phytocenological characteristics of the region of the protected floodplain outside the dike. We 
surveyed three site types in poplar plantations near Novi Sad. In poplar plantations 
phytocoenological relevès were made. The elevation of the study plantations is between 75 and 76 
metres a.s.l. The most represented species in the ground layer in the on humofluvisol, the species 
Dactylis glomerata, Urtica diorica and Rubus caesius identified on humofluvisol. The most 
represented species on sandy form of fluvisol was Rubus caesius, Solidago serotina, Dactylis 
glomerata and Equisetum arvense were identified in the study area. The loamy form of fluvisol 
occurs at the elevation of 75.50 m, which means that the average flood duration in the flooded part 
of the Danube Basin is about 60 days. Most numerous species on the loamy form of fluvisol in the 
flooded region: Rubus caesius, Solidago serotina, Polygonum hidropiper, Dactylis glomerata and 
Urtica dioica. Based on the above data, we determined the differences between ground vegetation 
in the study areas and in the part of the alluvial plain affected by additional moisture by both 
floodwater and ground water. 

  Determination of soil characteristics orginated on small river islands in the alluvial plane 
of Danube river was determinated. Textural class in the surface horizons ranged from sand-clay to 
clay. Below this horizon sand layers of different depths were made. By the depth of profile the 
fraction of fine sand was mostly found. On small river islands vertical distribution of fine sand 
fractions was found, which is probably conditioned by the transfering power of the river and makes 
difference in relation to the alluvial plain in which is defined the horizontal distribution. In these 
horizons the capacity for air was increased. Processes of oxidoreduction have been determined by 
the depth of the entire profile on all small river islands and referred to the high degree of moistening 
during the vegetation season. On the basis of data about the content of humus, carbonate, and 
reaction of soil solution it is concluded that in average, alkaline reaction of the soil solution was 
found. Carbonate content was high in all researched profiles. Separation of carbonates by the depth 
of profile was not found. The highest content of humus was found in the humus-accumulative 
horizon. Even if an intensive humification was recorded, the humus didn’t had a tendency to deepen 
by the depth of profiles, considering the continuous inundation. 

Soils of the samall river islands are characterized by dominant processes of fluvial 
sedimentation (permanent inundations), high accumulation of organic matter and expressed 
capillarity, which characterizes them by high production potential. 
 Investigation on microcliamtic conditions in the poplar plantation was for August 2008 and 
2010. year. Research was in the years with higher mean annual air temperature in relation to normal 
for the period 1961-1990. The differences between studied years are reflected in the amount of 
rainfall (in 2008. years – deficit, and in 2010 surplus of rainfall). Analysis of microclimate 
conditions included analysis of temperature, relative humidity and the amount of radiation. Analysis 
of mean, minimum and maximum daily air temperature indicates a difference in the microclimate in 
the poplar plantation. In 2008. were recorded higher mean daily temperature on most days. In the 
years of research increase in air temperature led to a decrease in relative humidity, and thus to 
unfavorable conditions for the growth of trees. 
 

 
 



Phyto-remediation of polluted soil and water 
 

In the past period the research focused on heavy metal pollution in the lowland river, the 
influence of heavy metals on rooting, photosintesis, water use effiency etc. 

As well as known the great portion of heavy metal pollution is of antropogenic character. 
Heavy metals are considered as one of the main sources of the environmental pollution. The 
contents of the lead, cadmium, zinc and nickel were researched in the sediments after the flooding 
on the river Danube and Tisa. The textural class of the sediments on the river Danube were sand, 
and on the river Tisa loamy sand. The reaction of soil solution were weak alkaline. The sediments 
were poor in humus. The contents of carbonates were in range of 10,41 to 13,79%. The contents of 
lead were from 4,80 ppm on the sediments of river Danube to 9,72 ppm on the river Tisa. The 
contents of cadmium were 0,29 ppm on the river Tisa. In the sediments of river Danube were not 
determined. The contents of nickel were 4,80 ppm in the sediments on the river Danube and 11,66 
ppm on the river Tisa. The contents of zinc were 32,77 ppm in the sediments on the river Danube 
and 39,81 ppm on the river Tisa. The greatest contents fractions of lead, nickel and cadmium were 
determined for reducing fractions (for lead from 3,65 to 8,1 ppm, for nickel from 3,65 to 8,1 ppm 
and for cadmium from 0,00 to 0,16ppm). 
 To evaluate the phytoremediation capacity of some poplar and willow clones, a screening 
for Pb, Cd, Ni and diesel fuel tolerance was investigated. Heavy metals, especially in excessive 
concentrations are well known as inhibitors of the development and function of the photosynthetic 
apparatus. Also, disturbance of water balance in plants is considered as an early effect of heavy 
metal stress. Physiological base of plant tolerance to excessive pollutants is combination of high 
rates of photosynthesis and high water-use efficiency (WUE), calculated as rate of photosynthesis 
per unit water loss (transpiration). Those characteristics of genotype suggest its unique suitability 
for remediation. It is of great interest to concern weather and to which extant, photosynthetic 
features and water regimen of woody plants benefit their survival and remediation potential at 
unfavorable ecological conditions, primary at chemical contamination of soil. According to these 
facts, here we present measurements of gas exchange parameters and WUE of four poplar and two 
willow clones grown in green house on soil culture. There were control group of plants and six 
treatments of pollution: Pb, Cd, Ni, combination Pb+Cd+Ni, Diesel fuel and combination Diesel 
fuel+ Pb+Cd+Ni. 

The rate of photosynthetic CO2 fixation (μmol m-2 s-1) of the youngest leaves significantly 
relied upon the pollution treatment and genotypic variations in control poplar clones were from 
10.77 to 8.22 μmolCO2 m-2 s-1. Two control willow clones showed similar photosynthesis (about 
6.5 μmolCO2 m-2 s-1 in average). Photosynthesis and transpiration of plants grown on soil with 
individually applied heavy metals decreased significantly, but it was less obvious in Cd treatment. 
Heavy metals mixture in soil induced significant reduction in photosynthesis (more than 50%). 
Inhibition of transpiration (mmol H2Om-2 s-1) caused by heavy metal stress was less expressed 
than inhibition of photosynthesis. Diesel fuel in soil caused very strong and significant inhibition of 
photosynthesis and transpiration of willow clones, but the same treatment did not provoke drastic 
decrease of photosynthetic rate in poplar clones. The treatment of combined pollutants - excessive 
Pb, Cd, Ni and diesel fuel has approved to be very strong stress factor for photosynthetic 
productivity. Relatively high photosynthesis combined with good water economy in polluted 
environment indicated high WUE and good remediation potential of plants. According to this fact, 
our results indicated three poplar genotypes and one willow genotype as potentially good tools in 
remediation. 



In past period research deals with the effect of particular heavy metal (nickel, cadmium and 
lead) on some growth parameters and development of four clones from section Populus cultivated 
in vitro, too. Shoots of white poplar (Populus alba L.) clones L-12, L-80, L-111/81 and LBM were 
grown on solid ACM medium with 20 mg/l adenine-sulphate, 100 mg/l myo-inozitole, 0.5 mg/l 
benzylaminopurine (BAP), 0.02 mg/l �-naphthaleneacetic acid (NAA). The heavy metal was added 
in different concentrations: 0, 0.1 mM and 0.5 mM. Effects of each heavy metal on growth 
parameters: height of shoots, biomass and multiplication were investigated compared to control. 
Also, differences among clones in their responses to heavy metals are analysed. In the treatment 
with lower concentration cadmium increased and nickel decreased biomass of shoots. In higher 
concentration both heavy metals decreased biomass and height of investigated clones' shoots 
compared to control. In both concentrations lead decreased height, but biomass decrease of clones' 
shoots was not statistically significant. Investigated clones differed among themselves in their 
reactions on heavy metals presence. Clone L-111/81 was the most successful in heavy metals 
tolerance and this clone could be used for phytoremediation of soils contaminated with lower 
concentration of nickel, cadmium or lead. On the other hand, clone LBM could be used on sites 
contaminated with higher concentration of these heavy metals. 

The phytoremediation potential of Populus deltoides was studied using the pot culture 
experiment. Plants were exposed to cadmium, nickel and lead, applied separately or combined. The 
tolerance index (TI), bioconcentration factor (BCF) and translocation factor (Tf) varied between 
treatments. The lowest tolerance was found at Ni treatment probably due to the highest 
translocation of nickel from roots to shoots, with respect to Cd and Pb. Acording to the highest 
bioconcentration factors for Cd and moderate tolerance, this clone might be considered for 
evaluation of phytoextraction potential in outdoor/field experiments. 

The field experiments with different poplar clones were established in 2010, where 
potential for growth on different contamination types and biomass production was assessed. Besides 
biomass production, physiological parameters such are photosynthesis, transpiration, chlorophyll 
fluorescence were measured.  
 
IV.  GENERAL INFORMATION 
 
1. Administration and operation of the National Poplar Commission 
 

National Poplar Commission has not been formed since the desintegration of Yugoslavia. The 
responsible authoruty for poplar and willow cultivation is the University of Novi Sad, Institute of 
Lowland Forestry and Environment. 
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3.   Relations with other countries 
 
In the period 2008-2011, Institute of Lowland Forestry was coordinator of FP7 EU project entitled 
“STREPOW - Strengthening of research capacity for poplar and willow multipurpose plantation 
growing in Serbia”. The objective of the STREPOW project is to strengthen the capacities of 
researchers to successfully participate in research activities at EU level, reinforcement research 
infrastructure of the Institute of Lowland Forestry and Environment, so that it could become the 
Center of Excellence in the region of  Western Balkan Countries for growing of multipurpose 



poplar and willow plantations in Serbia, aiming at the production of biomass for energy and the 
phytoremediation of the contaminated sites by: sustainable partnership and networking partners 
from EU countries; sending scientists for short stay in Networking partner institutions to carry out a 
specific research experiment related to poplar and willow plantations and the production of biomass 
and application of these plantations for the phytoremediation of the damaged land and water; 
preparation of the cooperative activities or joint RTD proposals; hosting the scientist from Network 
in partners to organize the training for the researchers of the Institute of Lowland Forestry and 
Environment; by the improvement of human potential - employment of two young researchers who 
will direct their activities to the growing of multi-purpose poplar and willow plantations in Serbia; 
by the acquisition of the laboratory equipment. The exchange and the dissemination of multiannual 
research results between the institutions, and especially the transfer by EU Networking partners 
enables and supports the research capacity reinforcement of the Institute of Lowland Forestry and 
Environment what will have significant effect on the increase of area and the more efficacious 
establishment of Short rotation plantation in Western Balkan Countries on the less productive 
agricultural and contaminated soils. 
Also in, previous period bilateral project between Serbia and Hungary was realized. The project 
involved Institute of Lowland Forestry and Environment from Serbia and Hungarian Forest research 
Institute in cooperation regarding to the exchange of poplar material and selection of clones adapted 
to the climate change.  
Bilateral Agreement between Institute of Lowland Forestry and Environment  and National cultivar 
testing association of Republic of Belarus for testing of poplar and willow material in Belarus was 
realized in previous period and testing of clones will start in 2012. 
In 2011, the Institute of lowland forestry successfully applied for the EU IPA cross border program 
together with Biological Research Centre Hungarian Academy of Sciences in the proposal called 
Oxidative stress tolerance in plants: from models to trees – OXIT that will start in 2012.  The OXIT 
project was envisioned to identify and characterize key components of oxidative stress responses 
and to develop novel strategies to improve drought, salt and heavy metal tolerance of poplar.The 
two Hungarian and the Serbian partners will join forces and collaborate to analyse oxidative stress 
responses of a model (Arabidopsis) and a woody plant (Poplar). Information gathered on both 
species will be shared by the partners and models will be elaborated to generate novel strategies and 
tools to improve tolerance of poplar to extreme environmental effects. 
Due to the complementing technological background of the partners, the project will strengthen 
collaboration between several Hungarian and Serbian research groups. The project will therefore 
facilitate information exchange, technology transfer between partners in these neighboring 
countries. The project also will have a strong education aspect, as young scientists and students of 
the participating institutes will have the opportunity to visit the partner laboratories and acquire 
technical skills in the area of molecular biology, proteomics, physiology, analytical technologies, 
etc. 


