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SUMMARY
Querqus pubescens has relatively wide distribution in Europe, but dominated forests are quite common in South Eu-
rope, while they are confined to warm microclimatic conditions in central Europe. On the edge of the Panonnian 
basin Q. pubescens is mainly found on the edge of its native range, in isolated populations which have an important 
role in examining the adaptive potential, especially considering that the forest-steppe and sub-mediterranean climate 
is predicted to be the dominant climate in some regions of Central Europe in future. There are very limit knowledge 
about Q. pubescens forest establishment and restoration in continental climate today. This study provides informa-
tion about stocktype effect on seedlings success after outplanting in very competitive conditions. Although bareroot 
seedlings were larger in the nursery, container seedlings had better survival and growth on the field. Generally, low 
survival rate for both stocktypes (mean survival 47.60 %; container seedlings 55.41%; bareroot seedlings 41.41%) can 
be assessed as consequence of uncompetitive seedlings and lack of vegetation control.
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INTRODUCTION
UVOD

Oak forests are represented for the most part of Balkan Pe-
ninsula and Southeast Europe, but their condition and per-
spectives are related to composition of species and ecolo-
gical conditions which vary from site to site. According to 
last forest inventory in Serbia, about 30% of forest area be-
longs to oaks forest, while more than half of them are co-
ppice forest (Banković et al., 2009). One of native oaks in 
Serbia is Pubescent or Downy oak (Quercus pubescens 

Wild.) which is frequent member of polydominant oak fo-
rests, but with significant lower distribution then Q. cerris, 
Q. petraea, Q. frainetto and Q. robur (Cvjetićanin et al., 
2016). Since Q. pubescens is mainly distributed in central 
and southern Europe and it is one of the most important 
forest tree species in south-central and south-eastern Eu-
rope and Anatolia (Bordács et al., 2019), so majority of data 
for Q. pubescens seedlings field performance are available 
for Meditteranian region. Q. pubescens dominated forests 
are quite common in South Europe, while they are confi-
ned to warm microclimatic conditions in central Europe 
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(Pasta et al., 2016). On the edge of the Panonnian basin Q. 
pubescens is mainly found on the edge of its native range 
and in isolated populations (Caudullo et al., 2017). These 
populations have an important role in examining the adap-
tive potential and field performance of the seedlings, espe-
cially considering that the forest-steppe and sub-mediterra-
nean climate is predicted to be the dominant climate in 
some regions of Central Europe (Bordács et al., 2019). Pro-
jections  of  the  regional  climate  model  for  south-east 
Europe  generally predict an  increasing of temperature and 
a decreasing of precipitation (Ivetić, Devetaković, 2016), 
which indicate possibility to promote Q.pubescens as a po-
tential species for oak forest restoration on the continental 
areas of Balkan and increasing their participation in forests. 
As heliophilous and thermophilous species tolerant on low 
precipitation level (<400 mm in vegetation period), summer 
drought and poor and eroded soils (Bordács et al., 2019) 
adaptive potential of pubescent oak, but as well as seedlings 
quality and management might have an increasing role in 
present and potential future distributional range. Seedlings 
attributes do not the only one predictor of future success, 
but it is important one, since artificial regeneration is inte-
raction complex between species, planting and site condi-
tions (South, 2000). Seedlings stocktype could be marked 
as one of factors which predict future success, and nume-
rous trials reported advantages of container seedlings (Gro-
ssnickle, El-Kassaby, 2016). Beaside that, morphological 
attributes can be predictor of seedlings performance at the 
field (Tsakaldimi et al., 2012). There are studies which pro-
mote better morphological attributes as predictor for better 
survival (Villar-Salvador et al., 2004; Tsakaldimi et al., 2005; 
Villar-Salvador, 2012) and growth (Villar-Salvador et al., 
2004; Ivetić et al., 2016) on the field for oak seedlings. Pre-
planting operations have great role in survival of seedlings, 
planting date and soil preparation showed significant in-
fluence on survival and growth of Q.ilex seedlings in Me-
diteranian conditions (Palacios et al., 2009). High intensity 
soil preparation treatments can help survival of lower qu-
ality seedlings (South et al., 2001). Pre- and post-planting 
weed control is desirable and using different methods im-
prove oak seedlings establishment (Ezell, Hodges, 2002; Löf 
et al., 2006; Ezell et al., 2007), often better than using tree 
shelters or natural shade (Mc Creary et al., 2011). Study 
with two Mediterranean oaks in combination with neighbo-
red species showed high competition sensibility of 
Q.pubescens seedlings and better results in control where it 
was competitive to natural weed vegetation (Prévosto et al., 
2015). Interactions between plants on the field are complex 
and complicated and in some cases negative effects of com-
petition are lower than benefits. There are several studies 
which reported positive effect of shrubs on oak seedlings 
survival and growth in Mediteranian conditions (Gómez-

Aparicio et al., 2004; Padilla, Pugnaire, 2006; Rousset, Le-
part, 1999).

Natural regeneration of oak forests is induced by seed pro-
duction, seed viability, seed survival, seed dispersal, seed-
ling establishment and sampling growth and survival (Pu-
lido, Díaz, 2005). Reasons for poor oak regeneration could 
be caused by many factors such as limiting light conditions 
when oaks are out-competed by more shade-tolerant spe-
cies or in the conditions after clearcut (light are not limited) 
when faster-growing species often out-compete oak (Iver-
son,2008). Natural regeneration of oaks were promoted as 
primarily method, but there are increasingly more situati-
ons in which high potential for oak regeneration failure 
dictates the use of artificial regeneration including direct 
seeding and planting seedlings (Dey et al., 2008). If artificial 
regeneration observed as planting, many problems can be 
exceed, but work method need be different and intent on 
seedlings performance and solving on pre- and post-plan-
ting conditions. 

However, there are very limit knowledge about Q.pubescens 
forest restoration and regeneration in the continental areas, 
so this study was provided with aim to obtained recommen-
dation about seedlings stocktype for planting in continen-
tal Balkan areas for purpose of pubescent oak forests resto-
ration.

MATERIAL AND METHOD
MATERIJALI I METODE

Seed origin – Porijeklo sjemena

Acorns were collected in the Natural Monument “Košut-
njak Forest” (44.772730, 20.432714), located in Belgrade 
(Serbia). It is an isolated forests complex, surrounded by an 
urban area. In a floristically diverse forest four native oak 
species are present: Q. cerris, Q. petraea, Q. frainetto and Q. 
robur, as well as Q.rubra as non-native (Šijačić-Nikolić et 
al., 2021). Given the high rate of hybridization of this spe-
cies, selection of morphologically typical individuals was 
needed. In total 88 trees were selected, but acorns were 
collected from 20 selected maternal trees. Except morpho-
logical traits of trees, spatial area was also taken into consi-
deration with preferring long distance trees or tree groups 
(Figure 1). 

Nursery trial – Rasadnički ogled

Collected acorns were shortly storage into basement (no 
more than two weeks) before nursery sowing. Nursery trial 
was established in the last week of October 2019 in nursery 
near originate population (44.782498, 20.425315). Sowing 
was performed in seedbeds and containers. In seedbeds 
density was 50 seeds m-1 and distance between rows 20 cm. 
In the same time, containers (Bosnaplast 18) were filled 
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with peat and forest soil mixture (1:2) and one acorn per 
cell was placed. Germination was noticed on the start of 
April 2020 in seedbeds and two weeks later into containers 
and it was finished on the half May. Germination percent 
was near 50 % in both stocktypes. During growing period 
seedlings were ordinarily irrigated with several hand wee-
ding. Fertilization were performed uniformly for both seed-
lings types during 6 weeks from middle June to middle July 
(Fitogal S®- Galenika, according producer prospects).

Field trial – Terenski pokus

Establishment site (44.777569, 20.429238) previous were 
planted mixed forest of pines (P.nigra and P. sylvestris) and 
deciduous species (Fraxinus excelsior, Tilia argentea, Prunus 
avium, Quercus cerris, Quercus petraea, Castanea sativa), 
marked as low valuable forest from several aspects. Situa-
tion on the field indicated need for sanitary logging and 

restoration in the aim to promote natural vegetation. Soil 
conditions, elevation, exposition and climatic characteri-
stics indicated possibilities of oak forest establishment with 
giving priority for Q.pubescens. Site preparation was con-
ducted after a clearcut. It included logging and removal of 
trees and shrubs with mechanical grinding of remains. 
Planting was performed in the first half of December 2020. 
Planting holes (30 x 30 cm) were prepared by mechanical 
driller several days before. Bareroot seedlings were tran-
sported in plastic bags from nursery, while containers seed-
lings were transported in containers. Planting sites were 
squarely randomized on the distance 3 m and random 
arrangement of different stocktype seedlings was perfor-
med during planting. Total of 408 seedlings were planted 
and marked accordingly to stocktype. Mechanical weed 
control between seedlings was provided only once – in the 
last week of May.

Figure 1. Spatial distribution of 20 selected maternal trees
Slika 1. Prostorni�raspored�20�odabranih�matičnih�stabala

Table 1. Temperature and precipitation per months for year 2021 and their differences from reference period 1990-2020. (Source: https://www.
hidmet.gov.rs/)
Tablica 1. Temperatura�i�oborina�po�mjesecima�za�2021.�godinu�i�njihove�razlike�u�odnosu�na�referentno�razdoblje�1990.-2020.

Month
Mjesec

I II III IV V VI VII VIII IX X XI XII
Year Average

Prosječno 
godišnje

Temperature
Temperatura
[°C]

3.8 6.5 6.7 10.1 17.0 23.7 25.9 23.4 19.3 11.5 8.6 3.7 13.4

Deviation
Odstupanje (reference value 
/ referentna vrijednost)

↑1.9
(1.9)

↑2.7
(3.8)

↓1.6
(8.3)

↓3.5
(13.6)

↓1.2
(18.2)

↑1.8
(21.9)

↑2.1
(23.8)

↓0.4
(23.8)

↑0.8
(18.5)

↓1.8
(13.3)

↓0.2
(8.1)

↓0.7
(3.0)

↑0.2
(13.2)

Precipitation
Padavine [mm]

60.6 34.0 57.6 51.9 85.8 22.9 93.6 39.6 18.8 71.0 132.8 147.2 815,8

Deviation
Odstupanje (reference value 
/ referentna vrijednost)

↑12.7
(47.9)

↓9.5
(43.5)

↑8.9
(48.7)

↑0.4
(51.5)

↑13.5
(72.3)

↓72.7
(95.6)

↑27.1
(66.5)

↓15.5
(55.1)

↓39.8
(58.6)

↑16.2
(54.8)

↑83.2
(49.6)

↑92.4
(54.8)

↑116.9
(698.9)
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Meteorological data for observed year were obtained from 
local meteorological station (44.772013, 20.424490) and 
presented in Table 1, while deviation from normal. 

Seedlings measurement – Mjerenja sadnica

At nursery stage, total of 232 seedlings (106 bareroot and 
126 container seedlings) were carefully lifted at the end of 
growing season and stored in the fridge (5 °C). During next 
two weeks, seedlings were measured for: shoot height (h), 
root collar diameter (d) and dry mass of shoot (ms) and 
root (mr) after drying during 48 h at temperature 68 ± 2°C 
(Ivetić, 2013). Obtained values were used for calculation 
saturdeness qoeficient (SQ - Roller, 1997), shoot to root ra-
tio (ms: mr) and quality index (QI - Dickson et al., 1960). 
Average values according standard deviation values (SD) 
were calculated for each observed parameter with separa-
tion of minimal and maximal values.
In field trial, shoot height (H) and diameter above ground 
level (D) were measured firstly in February 2021 (eight 
weeks after planting), and then in February 2022 (H1 and 
D1). Relative to the initial values of H and D an increment 
(H%, respectively D%) was calculated as:

 H% = ( H2
H1 × 100) – 100 

 D% = (D2D1 × 100) – 100 
Number of viable seedlings was estimated in June 2020, but 
survival (S) was estimated as difference between planting 
seedlings and viable seedlings after first growing season on 
the field. Average values according standard deviation va-
lues (SD) were calculated for each observed parameter with 

separation of minimal and maximal values for H1 and D1, 
respectively H2 and D2. 
All measurements are analyzed in the software Statistica 7.0.

RESULTS
REZULTATI
Seedlings – Sadnice

Most of observed parameters are stronger at bareroot seed-
lings (h, SQ, ms, mr, ms:mr, QI), except root collar diameter 
(d) which is slightly stronger at container seedlings (3.04 in 
comparision to 3.01 at bareroot seedlings) (Table 2).

Table 2. Morphological attributes of seedlings in the nursery by stocktype
Tablica 2. Morfološka�svojstva�sadnica�u�rasadniku�prema�tehnologiji�proizvodnje

BAREROOT SEEDLINGS
SADNICE GOLOG KORIJENA

CONTAINER SEEDLINGS
KONTEJNERSKE SADNICE

AVERAGE
PROSJEČNA VRIJEDNOST

mean (SD) min-max mean (SD) min-max mean (SD) min-max
h 20.25 (8.27) 6.90–44.80 10.02 (2.49) 4.30–15.90 14.69 (7.78) 4.30–44.80
d 3.01 (1.11) 1.20–6.00 3.04 (0.90) 1.00–5.50 3.03 (1.00) 1.00–6.00
SQ 6.89 (1.91) 3.42–12.00 3.53 (1.21) 1.19–7.90 5.07 (2.29) 1.19–12.00
ms 1.76 (1.43) 0.20–6.70 0.45 (0.23) 0.06–1.07 1.05 (1.18) 0.06–6.70
mr 2.20 (1.57) 0.11–7.30 0.82 (0.37) 0.13–1.93 1.45 (1.29) 0.11–7.30
ms:mr 0.85 (0.41) 0.28–3.36 0.59 (0.24) 0.08–1.41 0.70 (0.35) 0.08–3.36
QI 0.55 (0.41) 0.03–1.98 0.34 (0.18) 0.02–0.94 0.44 (0.32) 0.02–1.98

Figure 2. Survival of different stocktype seedlings during first growing 
season on the field
Slika 2. Preživljavanje�različitih�tipova�sadnica�tijekom�prve�vegetacijske�
sezone�na�terenu

Table 3. Height and diameter after planting and after first growing period
Tablica 3. Visina�i�promjer�nakon�sadnje�i�nakon�prvog�razdoblja�rasta

BAREROOT SEEDLINGS
SADNICE GOLOG KORIJENA

CONTAINER SEEDLINGS
KONTEJNERSKE SADNICE

AVERAGE
PROSJEČNA VRIJEDNOST

mean (SD) min-max mean (SD) min-max mean (SD) min-max
H1 15.2 (5.59) 5.1–33.7 9.9 (2.85) 3.2–18.4 12.5 (5.1) 3.2–33.7
D1 2.9 (0.77) 1.4–4.5 2.4 (0.61) 1.5–3.9 2.75 (0.7) 1.4–4.5
H2 19.1 (7.54) 6.5–43.2 13.3 (4.88) 5.5–38.0 15.6 (7.0) 5.5–43.2
D2 4.0 (1.09) 2.2–8.5 3.4 (1.05) 1.6–6.8 3.70 (1.17) 1.6–8.5
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Survival and growth – Preživljavanje i rast

Six months after planting 88.07% container seedlings were 
viable, while 77.10% bareroot seedlings were viable. The 
container seedlings advantage was maintained after first 
growing season at the field (55.41% relatively to 41.41% for 
bareroot seedlings), but it was drastically lower with ave-
rage value 47.60% for total (Figure 2).

After planting H1 and D1 were lower for container seed-
lings then bareroot seedlings and bareroot seedlings keep 
advantages after first growing period on the field (Table 3). 
Diameter growth increment was stronger than height 
growth increment for both seedlings types (Figure 3). Lar-
ger bareroot seedlings had stronger height growth, while 
container seedlings had stronger diameter growth.  

DISSCUSION
RASPRAVA

Seedlings morphological attributes – Morfološka 
svojstva sadnica

There are evident domination of h average value for bare-
root seedlings which is in accordance with previously re-
ported study for Q.rubra  (Woolerey, Jacobs, 2011). Seed-
lings from this research were taller than Q.pubescens 
seedlings from Wellesten and Cianfaglione, (2014), repor-
ted for seedlings from different European provenances and 
larger than bareroot seedlings reported by Šušić et al.,(2019). 
Bareroot seedlings from this study were comparable to 
other oak  seedlings from the same or neighbor nurseries 
but with evident lower d in the same age in comparison to 
Q.cerris (Šušić et al., 2019), Q.rubra (Popović et al., 2015; 
Šušić et al., 2016), Q.robur (Popović et al., 2020) and Q. pe-
traea (Ivetić et al., 2017) seedlings, while only Q. frainetto 
seedlings were weaker according both attributes (Šušić et 

al., 2019). Q.robur (Popović et al., 2014; Roth et al., 2011; 
Orešković et al., 2006) and Q.petraea (Orešković et al., 
2006) seedlings growth in same type of containers were lar-
ger, except Q.robur seedlings from the same nursery and 
container type few years ago (Devetaković et al., 2019). 

Bareroot seedlings had higher SQ in comparison to conta-
iner seedlings which is expected if take into consideration 
seedlings height which average value is double higher. Si-
milar SQ values were noticed for one-year old deciduous 
bareroot seedlings in Serbian nurseries (Stjepanović, Ivetić, 
2013; Ivetić et al., 2013; Popović et al., 2015), but SQ values 
for container seedlings were lower than values reported by 
Devetaković et al., (2019), for Q.robur container seedlings 
from same container type.

Dry seedlings mass were more than double at bareroot 
seedlings, but their relation (ms: mr) were similar and can 
be marked as positive because it suggest better root deve-
lopment in comparison to shoot development. Some higher 
values of root to shoot ration were recorded for two-year 
old Q.pubescens seedlings in bigger containers and in diffe-
rent water regimes (Fotelli et al., 2000). Dry root mass 
cannot clearly describe root quality (largest part of mass 
belong to larger roots), but on the other hand if take into 
consideration limiting space for root growth into container 
it can be expected that more fibrosis roots came from con-
tainers because central root have barrier to growth deeper. 
The study conducted on Q.rubra seedlings prove better root 
architecture and root fibrosity at container seedlings than 
bareroot seedlings (Wilson et al., 2007).

Field success – Uspjeh sadnica na terenu

Average survival rate can be considered as unsatisfactory 
and below average range of deciduous seedlings survival on 
this area (Ivetić, 2015). Reason for low level of seedlings sur-

Figure 3. Height (left) and diameter (right) increment of bareroot (blue) and container (red) seedlings during the first growing season after plant-
ing on the field
Slika 3. Visinski�(lijevo)�i�debljisnki�(desno)�prirast�sadnica�golog�korena�(plavo)�i�kontejnerskih�sadnica�(crveno)�tijekom�prve�vegetacijske�sezone�nakon�
sadnje�na�terenu
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vival cannot be consider simply. The first year after field 
planting characterized by low precipitation level and higher 
average monthly temperature during main part of growing 
period in comparison to normal (June-September), so 
summer‘s drought was present to some degree regardless to 
observed local provenance. There is study which provides 
information about Q.pubescens seedlings sensitivity on dro-
ught regardless of the provenance (Wellstein, Cianfaglione, 
2014), which confirms term that juvenile individuals might 
be especially sensitive to climatic extremes in contrast to ol-
der trees (Kreyling et al., 2012). Weeding control provides 
less competitive conditions for seedlings and more water 
and light, but in this study it was not conducted. In Medi-
teranian conditions noticed low influence of shrub cover on 
Q.pubescens seedlings survival, while grass cover had stron-
gly negative effect (Prévosto et al., 2015). On the other hand, 
same study report high influence of competitive vegetation 
on seedlings height growth. One year old Q.pubescens seed-
lings with stronger H and D and mulching protected after 
planting in Mediteranian post fire shrub land survived more 
than 90% two-years after planting and growth was stronger 
in diameter than in height (Larchevêque et al., 2008), but in 
lower rate than in this study. Seedlings morphological attri-
butes at planting time don`t necessarily correlate positively 
with field performance of hardwood seedlings (Jacobs, 
2005), and it was confirmed in this study. Container seed-
lings survived better and showed similar growth intensity 
although morphological attributes were mostly weaker than 
bareroot seedlings which can be correlated with stocktype 
effect on field performance (Grossnickle, El-Kassaby, 2016). 
Large seedlings usually have larger competitive capacity and 
study on Q.rubra seedlings confirmed diameter influence 
(Morrissey et al., 2010), but in our study initial diameter 
were similar for both stocktypes. Numerous reports empha-
size importance of weeding control (Ezell et al., 2002; Ezell 
et al., 2007; Dey et al., 2008) and more competitive seedlings 
(Wilson et al., 2007: Morrissey et al., 2010) for successful oak 
stands regeneration.

CONSLUSIONS
ZAKLJUČCI
Seedlings morphological attributes at nursery stage did not 
show main influence on field success. Seedling stocktype 
was identified as principal predictor for survival and 
growth. Low survival level can be marked as a consequence 
of interaction between seedlings and environmental factors, 
including absence of weeding control and summer drou-
ght. There is a need for Q. pubesens seedlings improvement 
in nursery in order to be more competitive after field plan-
ting. Also, this study implicates earlier assertions for nece-
ssary weeding control in oak stands restoration and artifi-
cial regeneration in the aim success work.
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SAŽETAK
Querqus pubescens ima relativno široku rasprostranjenost u Europi, ali dominantne šume su prilično 
česte u južnoj Europi, dok su ograničene na tople mikroklimatske uvjete u srednjoj Europi. Na rubu 
Panonskog bazena,Q. pubescens uglavnom se nalazi na rubu svog autohtonog areala, u izoliranim 
populacijama koje imaju važnu ulogu u ispitivanju adaptivnog potencijala, posebno imajući u vidu da 
se predviđa da će šumsko-stepska i submediteranska klima biti dominantna klima u nekim regijama 
srednje Europe u budućnosti. Postoji vrlo ograničeno znanje o uspostavljanju i obnovi šuma Q. pube-
scens u današnjoj kontinentalnoj klimi. Velik broj istraživanja o obnovi šuma s ovom vrstom rađen je 
na području Mediterana, u uvjetima potpuno drugačije klime u usporedbi s kontinentalnom klimom 
koja je danas karakteristična za središnje dijelove Balkana. Ovo istraživanje pruža informacije o učinku 
tehnologije proizvodnje na uspjeh sadnica nakon sadnje na terenu u vrlo konkurentnim uvjetima i u 
uvjetima kontinentalne klime (Beograd, Srbija), a nakon sadnje na prostoru koji je u blizini sastojine 
iz koje potiče sjeme iz kojeg su proizvedene  sadnice. Iako su sadnice golog korijena bile veće visine u 
rasadniku, kontejnerske sadnice bolje su preživjele i rasle na terenu. Ovo istraživanje je potvrdilo da 
visina sadnica ne mora nužno imati pozitivan utjecaj na preživljavanje i rast sadnica nakon sadnje u 
uvjetima intenzivne konkurencije korova. Bolji rast i preživljavanje sadnica nakon sadnje na terenu u 
korist kontejnerskih sadnica potvrđuje da sadnice s obloženim korijenom lakše podnose presadnju. 
Općenito, niska stopa preživljavanja za obje vrste sadnica (prosječno preživljavanje 47.60 %; konte-
jnerske sadnice 55.41 %; sadnice golog korena 41.41 %) može se ocijeniti kao posljedica nekonkurent-
nih sadnica i nedostatka kontrole korovske vegetacije.




