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Abstract: The paper analyzes the morphological quality parameters of one-year-old
sessile oak (Quercus petraea (Matt.) Liebl) seedlings and their interrelations. Based on the
performed analyzes, it was determined which of the measured morphological parameters,
with minimal time and resources spent, gives the most accurate estimate of the quality of
one-year old seedlings.

For the conducted research, seedlings were produced in the nursery of the Institute
of Forestry in Belgrade, in uniform environmental conditions from seed collected in seed
stand RS-2-2-qpe-22-169. The seedlings were produced in the same nursery seedbed, and
the sample for analysis was taken by dividing the seedbed into four sections and taking 30
seedlings from each section by random sampling. The following morphological parameters
were measured: root collar diameter, height of seedlings, weight of above and underground
part of seedling in absolutely dry condition and root volume. Based on the measured
values, height ratios were calculated as follows: height:root collar diameter, weight of
aboveground part of seedling: weight of underground part of seedling, and quality index.

The height of the seedlings and root collar diameter are good indicators of quality,
which is confirmed by the positive correlative relationships with other measured
morphological parameters. A stronger dependence has been found in the root collar
diameter, especially with the quality index, so it can be recommended as a good indicator
of the quality of the one-year old sessile oak seedlings. The quality index has been
confirmed as the most comprehensive morphological indicator of the seedling quality.
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AHAJIM3A MOP®OJIOIIKUAX MTAPAMETAPA KBAJIUTETA
JEJHOTOIMIIILAX CAJTHULIA KUTHAKA (Quercus petraea (Matt.)
Liebl) CA TOJIUM KOPEHOM

H3zBon: V pady cy auamusupanu Mop@orowiku napamempu  Keaiumema

jeonozoouwrux caonuya xpacma xummwaxa (Quercus petraea (Matt.) Liebl) u mwuxosu
mefycoonu oonocu. Ha ocnosy obasmenux ananuza ymepheno je Koju 00 MepeHux
MOpghonowKux napamemapa, y3 MUHUMAIHO MpOWErbe epeMena U cpeocmasa oaje
HAJMAyHUjy nPOYeHy Keaiumema jeOH0200UUbUX CAOHUYA.
3a cnposedena ucmpasicusarba caonuye cy npouszsedene y pacaduuxy Mucmumyma 3a
wymapemeo 'y beoepady, y yjeonauenum yciosuma cpeoune o0 cemeHd CAKYN/WbEHOZ Y
cemenckoj cacmojunu RS-2-2-qpe-22-169. Caonuye cy npouszeedene y ucmoj neju, a y30pax
3a amanuze je yzem mako wmo je ieja nooesbena Ha yemupu oend u u3z ceakoe oeid je
Memooom cayuajnoe ysopka yzemo no 30 cadnuya. Mepenu cy caedehu mopghonrowxu
napamempu: nPeuHuK y KOPEHOBOM 6PAMY, GUCUHA CAOHUYA, MACA HAO3EMHO2 U NOO3EMHO2
Oela caoHuya y ancoiymHo Cy8oM Cmaivy u 3anpemuna kopena. Ha ocnoey uszmepenux
BPEOHOCMU  U3PAYYHAMU CY OOHOCU GUCUHA NPEYHUK Y KOPEHOBOM 6pamy, macd
HAO03eMHO2:MACA NOO3eMHOZ Oelld caoHuye u UHOeKC Keaaumemd.
Bucuna caonuya u npeunux y kopeHosom epamy ¢y 000pu nOKa3amemsu KeAIUmemad, wmo
je nomephero no3umueHuM KOPeramueHUM 6€3ama ca OCMAIUM MEPEHUM MOPHOIOUKUM
napamempuma. Java szasucnocm je ymephena KOO NpeyHUKa y KOPEeHOBOM 6pamy,
HAPOYUMO Ca UHOEKCOM K8ATUMemda, na ce Ol MOJice NPEnopy umu Kao 006ap nokazamesn
Keanumema jeoHo200uwbux caonuya kummaxa. Muoexc xkeanumema ce nomepouo Kao
Hajobyxeamuuju MopGOIOWKY NOKA3AMEeD KEATUMEMa caonuyd.

Kibyune peun: KuTwax, caJHUIE, KBAIUTET, MOP(OJIOIIKH ITapaMeTpH.

1. INTRODUCTION

The seedling quality in general has been object of researches for many years,
and a finding of the most efficient and at the same time most cost-effective method
is an essential element in the nursery production. The seedling quality is one of the
main indicators of the afforestation success, since it can predict the field
performance of the seedlings and their ability to survive under the different
mechanical and environmental stress (Wilson and Jacobs, 2006). The primary
objective of the seedling quality assessment is to quantify the levels of the
morphological and physiological traits that result in an accurate assessment of the
seedling status in terms of assessing the potential for future growth (Wilson and
Jacobs, 2006).

According to the Serbian Law on Forest Reproductive Material (“Official
Gazette of RS”, no. 135/2004, 8/2005), seedlings of hardwood species produced
must meet the quality criteria according to the current standard SRPS
D.Z2.112:1968. The quality assessment is mostly based on the morphological
parameters (Mohammed 1997; Saha et al., 2012) and rarely on the physiological
ones (Wilson and Jacobs, 2006). The most frequently used characteristics are the
height of the seedlings and the root collar diameter (Iveti¢ et al., 2017), primarily
because of ease and efficiently measurement. The root collar diameter can be
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considered as the best single parameter for predicting the success of the seedling
performance in the field, as it is always positively correlated with survival, while
the seedling height can have either positive or negative effect (Ivetic¢, 2013; Iveti¢
et al., 2017). Other seedling quality parameters such as mass and volume of the
root are less commonly used because they are more destructive to seedlings and
more complicated to perform. Ratios height:root collar diameter (HD), weight of
aboveground part of seedling: weight of underground part of seedling (SR), and
quality index (QI) are not used in the assessment of the seedling quality in the
nursery production in Serbia (Iveti¢ et al., 2017).

The sessile oak forests cover 4.9% of the all forests of Serbia according to
their species affiliation (Bankovi¢ et al., 2008; Ratknic and Rakonjac, 2010).
Sessile oak is one of the two most common species of oak in the nursery
production of Serbia. Most common types of sessile oak (Quercus petraea (Matt.)
Liebl) seedlings are bare root, 1+0, 2+0, 3+0 (Iveti¢ et al., 2017).

This study aims to determine which of the morphological parameters of the
one-year-old sessile oak seedlings are most indicative to measure the most accurate
quality assessment with minimal time and expense.

2. MATERIALS AND METHODS

For the conducted research seedlings were produced in the nursery of the
Institute of Forestry in Belgrade, in uniform environmental conditions from seed
collected in the seed stand RS-2-2-qpe-22-169. The seed sowing was carried out in
April 2017 in a nursery seedbed (1x10 m). The row spacing was 15 cm, the rows
were parallel to the longer side of the row. At the end of the growing season, in
October, the seedbed was divided into four parts; per 30 seedlings were taken from
each part by random sampling for analysis. The seedlings were carefully removed
to minimize the root damage. The following morphological parameters were
measured: root collar diameter, height of seedlings, weight of above and
underground part of seedling in dry condition and root volume. Based on the
measured values, the following ratios were calculated - height:root collar diameter
(sturdiness quotient), weight of aboveground part of seedling: weight of
underground part of seedling, and quality index.

The height of the seedlings was measured by a ruler with an accuracy of 0.1
cm and the root collar diameter by a digital nonius with an accuracy of 0.01 mm.
For weight measurement purposes, the above-ground part was separated from the
roots and separately dried in a Binder type oven at 105 ° C for 48 hours. The
weight of the aboveground part and the weight of the root were measured on an
electronic balance with an accuracy of 0,01 g. The core coefficient was calculated
by Roller 1977 and the quality index by Dickson et al. 1960. The root volume was
measured by the water extrusion method (Burdett, 1979).

The measured data were statistically processed in the Statistica 7 software package
(StatSoft, Inc. 2004). For the measured morphological parameters, mean, standard
deviation, minimum and maximum values were calculated. The interdependence of
the measured parameters was determined by calculating a linear correlation
coefficient, and the influence of the position of seedlings in the seedbed on

25



morphological parameters was examined using one-way analysis of variance (One-
Way ANOVA).

3. RESULTS AND DISCUSSION

The mean value of the root collar diameter of the measured seedlings is 3.52
mm, with ranging from 2.09 to 5.48 mm. The average height of the seedlings is
14.8 cm, and the measured values range from 6.5 to 24 cm. The weight of the
above-ground part of the seedlings ranges from 0.29 to 3.52 g with a mean value of
1.62 g. The root weight ranged from 0.52 to 7.59 g with a mean of 3.18 g. Higher
weight of the aboveground part indicates the higher capacity of photosynthesis and
growth potential, while the root system weight represents the potential for higher
growth and survival percentage (Iveti¢, 2013), but the weight measurement is
destructive for the seedlings, which limits the wider application of this parameter.

The root volume ranges from 1 to 13 cm3, with the mean value of 4.8 cm3.
The mean HD ratio is 4.24 and can be considered satisfactory for the one-year-old
sessile oak seedlings. The ratio between the weight of the above-ground part and
the root weight in the dry condition ranges from 0.11 to 2.25. The mean of this
ratio is 0.72 (2:3). The seedling quality index has high variability and ranges from
0.21 to 2.86, with a mean of 1.25 (Table 1).

Table 1. Descriptive statistics parameters of mean values for measured
morphological parameters of one-year old sessile oak seedlings

Mean | Minimum | Maximum | Std.Dev.

D (mm) 3.52 2.09 5.48 0.74
H (cm) 14.8 6.5 24 4.35
SM (g) 1.62 0.29 3.52 1.21
RM (g) 3.18 0.52 7.59 3.61
RV (cm®) | 4.8 1 13 4.9

HD 424 1.24 6.37 0.98
SD 0.72 0.11 2.25 0.52
Ql 1.25 0.21 2.86 0.61

Legend: D - Diameter, H - Average height, SM - Weight of the aboveground part, RM - Root weight, RV - Root
volume, HD - Height: diameter ratio, SD - Weight ratio of the aboveground and underground parts, QI - Quality
index.

Table 2. Correlation coefficients between the examined quality indicators of one-
year old sessile oak seedlings

D |H [SM|[RM|RV [HD [SR [Oal
D | 1.00 | 052 | 0.44 | 051 | 056 | -0.48 | -0.21 | 0.74
H 1.00 | 039 | 057 | 0.48 | 022 | -0.19 | 0.71
SM 1.00 | 065 | 0.71 | 009 | 011 | 0.62
RM 1.00 | 0.83 | -0.19 | -0.41 | 059
RV 1.00 | -0.11 | -0.32 | 056
HD 1.00 | 012 | -0.35
SR 1.00 | 0.26
Ql 1.00

Table 2 shows the correlation coefficients between the examined quality
indicators of the one-year old sessile oak seedlings. The strongest correlation was
found between the root collar diameter and the quality index (0.74). The height of
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the seedlings is also strongly correlated with the quality index (0.71). The
correlation coefficient between the root collar diameter and the height of the
seedlings is 0.52. The quality index is in a strong, positive correlation with all
measured parameters, except for the sturdiness quotient.

The mass of the above-ground part of the seedlings is in a positive,
significant correlation with all observed parameters except the HD and SR ratios.
The strongest correlation it has with the quality index (0.80) and the weakest with
the diameter in the root neck (0.38) (Table 2).

In order to determine the influence of the position of seedlings in the nursery
seedbed on the investigated morphological parameters, a one-way analysis of
variance (One-Way ANOVA) was performed. The obtained results indicate the
absence of the position influence on the observed parameters of the seedlings
(Table 3).

Table 3. Analysis of variance - influence of the position of seedlings in the nursery

seedbed on the quality indicators of one-year old sessile oak seedlings
SS MS F p
D | 1653 | 0.7124 | 05121 | 0.6231
H [ 1321 [5251 | 0.2314 | 0.8322
SM | 0203 | 01154 | 0.1121 | 0.9129
RM | 42.113 | 25.6214 | 1.1124 | 0.1257
RV | 31721 | 13.335 | 0.8116 | 0.4935
HD | 2703 | 1.116 | 0.5158 | 0.6423
SR | 1715 | 0813 | 1.906 | 0.1501
Ql [ 0438 | 0211 | 0517 | 0.5820

The measured one-year old sessile oak seedlings according to the
measurement data obtained are within the range of values prescribed by the
standard for hardwood seedlings. Although the most commonly used quality
indicators are seedling height and root collar diameter, the quality index has proven
to be the most comprehensive morphological indicator of the seedling quality. The
quality index in previous studies has been positively correlated with the growth and
survival of seedlings in the field (Tsakaldimi et al. 2012; Iveti¢ et al. 2016; Popovi¢
et al. 2015; Popovi¢ et al. 2017). The quality index is very extensive and combines
seedling biomass with the height and root collar diameter (Dickson et al., 1960),
which may be an obstacle to the wider application of this parameter. HD ratio
combined with individual values of height and root collar diameter contributes to
the accuracy of predicting the success of seedling survival and growth in the field
(Iveti¢ et al., 2016). The low HD ratio indicates a greater potential for seedlings to
survive after exposure to transplant stress (Iveti¢ et al. 2016), although there are
some conflicting results (Tsakaldimi et al. 2012; Devetakovi¢ et al. 2017).
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4. CONCLUSION

Based on all the data analyzed, the height of the seedlings and the root collar
diameter justify their wide application in the evaluation of the seedling quality.
This is supported by the strong positive correlation of these two parameters with
the quality index, which is the most comprehensive morphological indicator of the
seedlings quality.

The obtained results need to be verified in future researches, both on the
sessile oak and on other hardwood species, after which these results will be more
significant. The first confirmation and verification of the results should be done
after transplanting the seedlings in the field and investigating the success of their
growth and survival.

Acknowledgements: This paper was realized within the projects: "Development of
technological procedures in forestry with the aim of realizing optimal forestation" (TR
31070) and "Forest plantations in order to increase forestation Serbia" (TR31041), funded
by the Ministry of Education, Science and Technological Development of the Republic of
Serbia.
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ANALYSIS OF MORPHOLOGICAL QUALITY PARAMETERS OF ONE-YEAR
OLD BARE ROOT SESSILE OAK (Quercus petraea (Matt.) Liebl) SEEDLINGS

Vladan POPOVIC, Aleksandar LUCIC, Ljubinko RAKONJAC, Ivona KERKEZ JANKOVIC
Summary

Sessile oak is one of the two most common species of oak in nursery production of
Serbia. According to the Serbian Law on Forest Reproductive Material, seedlings of
hardwood species produced must meet the quality criteria according to the current standard
SRPS D.Z2.112:1968 (“Official Gazette RS”, no. 135/2004, 8/2005). The quality of the
seedlings is largely an indicator of the success of afforestation (Wilson and Jacobs, 2006).
This study aims to determine which of the morphological parameters of one-year-old
sessile oak seedlings are the most indicative to measure the most accurate quality
assessment with minimal time and expenses.

For the conducted research seedlings were produced in the nursery of the Institute of
Forestry in Belgrade, in uniform environmental conditions from seed collected in seed
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stand RS-2-2-gpe-22-169. The following morphological parameters were measured: root
collar diameter, the height of seedlings, seedlings mass above and below ground in dry
condition and root volume. Based on the measured values, ratios were calculated
height:root collar diameter, mass above ground:mass of underground part of seedling and
quality index. The sturdiness quotient was calculated by Roller 1977 and the quality index
by Dickson et al. 1960. Root volume was measured by the water extrusion method
(Burdett, 1979).

The measured data were statistically processed in Statistica 7 software package
(StatSoft, Inc. 2004). For the measured morphological parameters, mean, standard
deviation, minimum and maximum values were calculated. The interdependence of the
measured parameters was determined by calculating a linear correlation coefficient, and the
influence of the position of seedlings in the seedbed on morphological parameters was
examined using one-way analysis of variance.

Measured one-year old sessile oak seedlings according to the measurement data
obtained are within the range of values prescribed by the standard for hardwood seedlings.
Although the most commonly used quality indicators are seedling height and root diameter,
the quality index has proven to be the most comprehensive morphological indicator of
seedling quality. The strongest correlation was found between the root collar diameter and
the quality index (0.74). The quality index is in a strong, positive correlation with all
measured parameters, except for the sturdiness quotient. A one-way analysis of variance
results indicate the absence of position influence on seedlings observed parameters.

Based on all the data analyzed, the height of the seedlings and the root collar
diameter justify their wide application in the evaluation of seedling quality. This is
supported by the strong positive correlation of these two parameters with the quality index,
which is the most comprehensive morphological indicator of seedlings quality.

AHAJIN3A MOP®OJIOIIKUX TTAPAMETAPA KBAJIUTETA
JEJHOTOJUIIIBLUX CATHUIA KUTHAKA (Quercus petraea (Matt.) Liebl) CA
rojimM KOPEHOM

Vladan POPOVIC, Aleksandar LUCIC, Ljubinko RAKONJAC, Ivona KERKEZ JANKOVIC
Pe3ume

XpacT KHTHAK jelHa je 0I JBe Hajuemnhie BPCTe XpacTa y pacagHUIKO] IIPOU3BOBU
Cpb6uje. [Tpema 3akoHy 0 HIyMCKOM PenpoayKTUBHOM Matepujany Penyomuke Cpouje (“Sl.
glasnik RS, no. 135/2004, 8/2005), camuuie numrhapckux BpcTa MOpajy JAa UCIyHaBajy
KpuTeprjyme kBanurera mnpema Baxkehem cranmapny SRPS D.Z2.112:1968. Ksamwurer
caJlHMIa Y BEJIMKOj MEpH je MOoKa3aTesb YCIIEIHOCTH nomrymibaBama (Wilson and Jacobs,
2006). Llwb oBOr HCTpakMBarba je€ Ja Ce YTBPAE KOjU 0 MOPQOJIOIIKUX Mapamerapa
JeTHOTOAMIIBEAX CAJHWIA KHUTHAKa Cy HAJUHAWKATUBHUJU 3a  HAJTAYHH]y MPOIEHY
KBaJITETa Y3 MUHUMAIIHO TPOLICHE BPEMEHA 1 CPE/ICTaBA.

3a cripoBejieHa UCTPaXKUBama CaHUIIE Cy TPOU3Be/IeHe Y pacagHuKy MHCTUTyTa 32
mymapcTBo y beorpamy, y yjeAHaueHHM YCIOBMMA CpEJMHE OJ] CEMEHa CaKyIJbEHOT Y
ceMeHcKoj cactojunu RS-2-2-gpe-22-169. Mepenu cy ciienehun MopgoIomKky napamerpu:
NPEYHHK Y KOPEHOBOM BpaTy, BHCHHA CaJHHUIA, Maca HAJA3€MHOT M IIOJ3EMHOr Jela
caJHWIAa y CYBOM CTalby M 3alpeMHHa KopeHa. Ha OCHOBY H3MEpEeHHMX BpEIHOCTH
M3pauyHATH CYy OJHOCH BHCHHA:IIPEYHHK y KOPEHOBOM BpaTy, Maca HaJ3eMHOr:Maca
MOA3EMHOTI JeNa CajHuIle M MHJEeKc KBanuTera. KoepuuujeHt jenpuHe u3padyHar je 1o
Roller 1977, a unnekc kBamutera mo Dickson et al. 1960. 3anpemiHa KopeHa je u3MepeHa
METOJIOM HCTHUCKHBama Boje (Burdett, 1979).
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Mepenn nopany cy cTaTHCTHUYKM oOpaljeHu y mporpamckom makery Statistica 7
(StatSoft, Inc. 2004). 3a ucrpaxxuBane MopdooNIKe MapaMeTpe U3padyHaATH Cy Cpeamba
BpPEIHOCT, CTaHAaplHa JeBHjaldja, MHHHMalMeé UM  MaKCHMaJHE BPEIHOCTH.
Mebhy3aBucHOCT HCTpaXHBAaHWX Mapamerapa yTBpheHa je padyHameM JHHEeapHOT
Koe(HIIHjeHTa Kopenalyje, a yTHIlaj IoJjJoKaja CalHuIa y Jeju Ha Mopdoromke mapamMeTpe
HCITHTAH je IPUMEHOM jenHogakTopujane anammse Bapujarce (One-Way ANOWA).

MepeHe jeTHOTOAMIIEE CaTHUIE XpacTa KHUTHaKa MpeMa J00WjeHHM MoJanmuMa
Mepema Hajla3e Ce y OICETY BPEAHOCTH KOje Cy NpOIKCaHe CTaHAapIoM 3a CaJHHIE
TBpaux Jmmrhapa. Mako cy Hajuyenrhe kopumheHH moka3aTesbu KBaJUTETa BUCHHA CA/IHULIC
U TpEeYHUK KOPEHOBOT BpaTa, HMHIEKC KBAJIMTETa CE€ IO0Ka3a0 Kao HajoOyXBaTHHjU
MOp(OJIOIIKY TIOKa3aTesb KBajauTeTa cagHuna. Hajjaua kopenanuja mponaljeHa je usmely
NpeYHHKa KOPEHOBOT BpaTa 1 uHjekca kpaiurera (0,74). uaekc KBaiuTeTa je y CHaXHO],
TO3UTHUBHO] KOpEJalWji ca CBHUM HM3MEPEHHM MapaMeTphMa, OCHM ca KOe(HIIHjCeHTOM
jenpune. JemHo(akTOpHjaTHa aHANIHM3a BapHjaHCE yKa3yje Ha OICYCTBO yTHIlaja IOJIOXKaja
CaJJHULIA HA HCTPAXXUBAaHE apaMeTpe.

Ha ocHOBY cBUX aHaJIM3UpaHUX MOJATaKa, BUCHHE CAJHUIA M IPEYHUK KOPCHOBOT
BpaTa ONPaBIaBajy CBOjy LIMPOKY NMPUMEHY y MPOLCHU KBAIUTETAa CAIHULA. Y IMPUIIOT
TOME HJ¢ U jaKa NO3UTHBHA IIOBE3aHOCT OBA JIBA IIapamMeTpa ca HHICKCOM KBaJIHUTETa, KOjH
NpZCTaBJba HajOOYXBATHHjU MapaMeTap KaBIUTETa.
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