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Abstract
In this paper, results of investigation of root systems of containerized and bare root seedlings 

and trees in stands of Austrian black pine in the R. of Macedonia are presented. The aim of the 
investigation was to analyze root morphology and deformations of 1+0 Austrian black pine (Pinus 
nigra Arn.) seedlings and trees grown in containers “Paperpot” and “Yucosad”, compared with 
bare root seedlings. Presence and deformations of lateral and vertical roots of the seedlings were 
analyzed. Investigated stands were raised by the same seedling stock types and developing in 
different ecological conditions.����������������������������������������������������������������� ����������������������������������������������������������������On each stand trees were excavated with root ball, cleaned, mea-
sured and analyzed. Deformities of roots and irregularities of lateral roots spreading were record-
ed. Indexes R, HV and A were calculated. Root systems of seedlings of both container types are 
modified and deformed by the container. Morphology and deformities of root systems of young 
trees of both container types are similar and the influence of primal container is still perceptible. 
Root systems of older trees gradually overcome this disposition and develop according to site 
conditions ensuring functionality and stability. Secondary deformations take part in root morphol-
ogy modification of all seedling stock types. There is no significant difference between Paperpot 
and Yucosad  seedlings and trees features, roots morphology and field performance. Container 
and bare root stands’ growth and vitality depend mostly on site conditions and planting technique.

Key words: bare root seedlings, container seedlings, root system, deformations, stands.

Introduction and Aim of 
Investigation

Aforestation with container seedlings has 
a long tradition worldwide. However,  de-
spite advantages of using container seed-
lings, problem of root deformations affect-
ing growth of stands is observed (Volná 
and Mauer 1983, Stilinović et. al. 1986, 
Kolevska 1997, Rune 2003, Robert and 
Lindgren 2006 etc.). In Macedonia, the 
“Paperpot” container seedlings have been 
used since 1974, while a domestic hard-

plastic container “Yucosad” has been de-
veloped few years later and is widely used 
ever since. However, the development of 
stands raised with “Yucosad” seedlings 
was under suspicion because of root de-
formations, therefore poor development, 
and finally dying of “Yucosad” stands 
at approximately 6–8 years of age, has 
been prognosticated, while stands raised 
with “Paperpot”  seedlings were favoured 
(Popovski 1985).

Therefore, in this research the root 
systems of “Paperpot”, “Yucosad” and 
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bare root seedlings and trees in stands of 
Austrian black pine, planted mostly within 
the framework of regular afforestation ac-
tivities of the forest operative in the R. of 
Macedonia, were investigated. The aim of 
the investigation is to analyze morphol-
ogy of root system of seedlings and trees, 
presence of deformities and root systems 
development.

Materials and Objects

1. Seedlings

There were analyzed 1+0 Austrian black 
pine seedlings of following stock types: 
“Paperpots” container (type FH 508, vol-
ume c/a 120  ml, produced by Lannen 
Tehtaat Oy); “Yucosad” container (hard-
plastic, bullet-shape with shallow 1  mm 
ribs, h=10  cm, upper d=3.8  cm, lower 
d=1.0  cm, volume=70  ml, produced in 
Macedonia). As control, 1+0 bare root 
seedlings were used.

2. Trees in stands

The investigation of trees was executed 
both in stands, planted during regular af-
forestation activities of the forest opera-
tive, and in 4 experimental fields. Total 
of 27 Austrian black pine stands of 4–19 
years of age at 19 localities were ana-
lyzed. On each stand 11–30 trees, i.e. a 
total of 637 trees were measured and ana-
lyzed. Stands were raised with “Paperpot”, 
“Yucosad” and “bare root” seedling stock 
types; ecological conditions: altitude 
250–1340 m a.s.l.; soil: eutrical cambisol, 
districal cambisol, rendzina, alluvium; 
site preparation and planting technique: 

plough furrows, planting into a crevice or 
small hole with various planting tools.

Methods

1. Seedlings

Deformations of lateral roots, pres-
ence and deformations of central (tap, 
main) and vertical roots were analyzed. 
Eccentricity of root system was recorded 
(if the seed was sown out of the center of 
the container, an asymmetrical root sys-
tem developed). Root density and knot-
ting were evaluated. 30 seedlings of each 
stock type (total 90 seedlings) were ana-
lyzed.

2. Trees

From each stand 11–30 trees were exca-
vated with root ball with diameter 30–100 
cm and depth 30–60 cm and cleaned. A 
destructive analysis and measurement 
of roots, following methods of Lokvenc 
(1980) and Volná–Mauer (1983), adapted 
by Kolevska (1995) was executed. Each 
root system was visually divided into ver-
tical sections (10 cm layers). A radius of 
rooting of 360° (horizontal distribution, i.e. 
spreading of the roots) was divided into 
four quadrants of 90° each. The direction 
of terrain inclination and the plouw furrow 
divides the quadrants. The following pa-
rameters were measured and analyzed: 
diameter of root collar (10 cm above the 
ground); number and diameter (>1 mm of 
trees 4–5 years of age, resp. >3 mm older 
trees) of horizontal skeletal roots in each 
quadrant of rooting and in each vertical 
layer; number and diameter (>1 mm, resp. 
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>3 mm) of vertical skeletal roots in each 
vertical zone; deformities of horizontal 
and vertical roots; deformities of the stem 
at the zone of the former container; irreg-
ularities and deviations of the horizontal 
root spreading.

A cross section area (CSA) of root 
collar and of each horizontal and verti-
cal root was calculated (mm2). Indexes 
R, HV and A were calculated. Index
R – CSA of root collar/CSA of all skel-
etal roots (horizontal+vertical). Index 
HV – CSA of horizontal skeletal roots/CSA 
of vertical skeletal roots. Index A – CSA of 
roots of two quadrants with max values/
CSA of roots of two quadrants with min. 
values. Data analyses were performed 
using SPSS program version 20.0. Com-
parison of root deformities between trees 
of different seedling stock type was ex-
ecuted using Pearson’s X2 test. Signifi-
cance of the indexes was tested using 
Mann-Whitney’s U test.

Abbreviations in the text and tables: 
PP – Paperpot, YS – Yucosad, BR – Bare 
root seedlings, N – number of analyzed 
trees, CSA – cross section area.

Results and Discusion

1. Seedlings 

Results of investigation of seedlings are 
presented in Table 1. Both container 
seedling types have similar root deforma-
tions. Primary deformations (caused by 
the container, Kolevska 1995) affect later-
al and vertical roots. Deformities of central 
root were observed in lower proportion, 
while lateral roots were deformed in very 
high proportion (Fig. 1, 5). The container 
seedlings root systems are mostly dense 

and knotted (spiralled and tangled). X2 

test confirms similarities between PP and 
YS seedlings, except “L” root deforma-
tion of PP seedlings (generated by pro-
duction mat, Fig. 1). Container seedlings, 
compared to bare root (Fig. 9), have sig-
nificantly worse deformed root systems. 
Similar deformities (spiralling, knotting, 
“elbow” shape etc.) of PP and hard-plastic 
container pine seedlings record more in-
vestigators (Stilinović et. al. 1980 on P. ni-
gra, Girouard 1991 on P. banksiana, etc.). 
Dominguez-Lerena et al. (2006) analyzed 
growth and development of P. pinea seed-
lings in different containers. All containers, 
including those with ribs, induced root spi-
ralling, however there was no relationship 
between the number of spiralling roots 
and container characteristics. Root spiral-
ling did not influenced seedling perform-
ance 3 years after outplanting (height and 
diameter increment and survival). 

2. Trees

Results of investigation of trees in stands 
of each seedling type are presented in 
Table 2 (trees 4–5 years of age) and Table 
3 (trees 7–19 years of age). Similar pri-
mary deformations, described at the re-
spective seedling stock type, persist and 
were recorded at the young container-
type trees (Fig. 2, 6). As a consequence 
of primary and secondary (generated by 
human factor, i.e. mostly by technique of 
planting) deformations, irregularities of 
rooting, deformations of horizontal and 
vertical roots were observed. Secondary 
deformations affect all seedling stock type 
trees. Bad planting technique deteriorates 
the initial root condition. Planted into a 
crevice or a small hole, roots are pressed 
into a plain (uni- and bilateral root system, 
Fig. 4, 12) or warped and twisted. Vertical 
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roots are deformed into “L”, “S” or “J” shap 
(Fig. 10). Bad soil preparation and inad-
equate (small) planting tools cause bend-
ing and distorting of roots and put them 
shallow into dryer, warmer soil layer. Both 
container-type trees over 7 years of age 
have similar lateral root deformations. PP 
trees have more frequent deformations 
of vertical, i.e. tap root as consequence 
of primary and secondary deformations 
(Fig. 3). Because of secondary growth, 
spiralled and tangled roots get closer, 
strangulate and grow together, which re-
sults in some cases by stronger or poorer 
swelling at the zone of the former contain-
er (Fig. 8). Secondary deformations were 
registered in container and bare root tree 
types (Fig. 3, 11).

Indexes R (root collar: all roots), HV 
(horizontal: vertical roots) and A (asym-
metry) complete the picture of root sys-
tems morphology and development devia-
tions (Table 4). 

Index R indicates whether the above 
ground part (represented by root col-

lar diameter) of the tree is followed by 
appropriate root system, while index 
HV indicates ratio between horizontal 
and vertical roots. The larger the index 
R and HV is, the proportionally smaller 
root system tree develops, i.e. the smal-
ler is the proportion of vertical roots in 
root system (Fig. 7). Both indexes in 
this investigation confirm that container 
trees develop root systems morphologi-
cally close to bare root trees. Index A 
reveals range of asymmetricity of hori-
zontal root spreading. Larger index indi-
cates bigger root eccentricity (index 1.0 
means regular, even horizontal roots 
distribution). Analyzed trees of all types 
have mostly highly asymmetric root sys-
tems. However, i������������������������n the time of investiga-
tion no signs of deterioration of stability 
of trees was recorded. Mann-Whitney’s 
test of differences (with one exception) 
confirms similarity of root parameters 
between all stock types.

Results of this investigation confirm 
conclusions of analyzes of different spe-

Table 1. Roots features and deformations and X2 test, seedlings 1+0.

Seedl.
stock
type

Tap vertical root, %
Eccen-
tricity 
of root 

sys-
tem,%

Deform. of lateral 
roots in shape, % Density of root system, % Roots knotting, 

%

strai-
ght

deformed in 
shape

“elbow” “ring” sparse medium dense poor strong

“L” “O”

PP 60 37 7 50 100 80 20 20 60 60 40

YS 90 0 10 47 100 80 20 30 50 40 60

BR 100 0 0 0 0 0 40 60 0 0 0

X2 test for root features and deformations, seedlings 1+0 (* – significance p<0.05)

PP-YS 5.689* 11.130* 0.000 0.000 – 0.104 0.104 0.355 0.269 1.666 1.666

PP-BR 12.600* 11.130* 0.517 17.420* 56.070* 36.740* 1.984 8.403* 22.940* 22.940* 12.600*

YS-BR 1.404 – 1.403 15.750* 56.070* 36.740* 1.984 4.309* 17.420* 12.600* 22.940*
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cies of pines, exposed by Volná and 
Mauer (1983), Lindström and Rune 
(1999) on P. sylvestris L., Stilinović et 
al. (1986), Kolevska (1997) on P. nigra 
Arn., Plourde et al. on P. banksiana 
Lamb. (2009) etc. Kolevska (1997) 
analyzed morphometry and morphol-
ogy of container and bare root P. nigra 
trees. She explored number, diame-
ter, horizontal distribution and vertical 
stratigraphy of skeleton roots. Despite 
various stock types, root features of 
the trees show similarities. Root mor-
phology is influenced by numerous 
factors (soil type and preparation, 
planting techniques etc.) Rune (2003) 
analyzed 6-year-old P. sylvestris trees 
from solidwall and slittwall containers, 
on fertile and poor site. Soil type (fer-
tile-poor) affects root morphology 
(differences in CSA of horizontal and 
vertical roots). He did not found asym-
metry between container types (using 
ratio between the quadrant with the 
largest CSA and the total CSA). ����Rob-
ert and Lindgren (2006) analyzed root 
features of container and natural trees 
of P.  contorta Dougl. ex Loud. They 
established influence of container on 
occurrence of numerous root deforma-
tions (poor taproot, spiral roots, poor 
lateral spread, lateral compression 
etc.), but also deformations as con-
sequence of poor planting. Plourde et 
al. (2009) analyzed 15-year-old natu-
ral and rigid wall containers trees of 
P. banksiana. Container trees display 
high frequency of deformities or total 
absence of vertical roots and irregu-
larities in horizontal root distribution.

It is obvious from this investigation 
that older trees of both container types 
“manage” to overcome the initial root 
condition and develop functional root 
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systems, which 
are able to supply 
trees with water, 
nutrients and give 
them support. 
Such hstatement 
expose also Lind-
ström and Rune 
(1999). Results 
of our investiga-
tion are in ap-
proval with Sca-
gel (1995), who 
divides conifer 
root development 
into three phases: 
estab l ishment , 
proliferation and 
maturation. Ap-
plied to our inves-
tigation, young 
trees (4–5 years 
of age) face pro-
liferation phase 
which seems to 
be critical for sur-
vival and vitality, 
while older trees 
enter matura-
tion phase and 
improvement of 
root morphol-
ogy and overall 
tree develop-
ment is obvious. 
I nves t i ga t i ons 
of  Kolevska and 
Trajkov (2012), 
who analyzed 
development of 
a b o v e g r o u n d 
parts of  container 
and bare root P. 
nigra trees, sup-
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port this statement. Young trees of all 
stock types have more or less the same 
height and diameter but vitality of trees is 

poor to medium. Older trees develop well 
and their vitality is good. Influence of pri-
mal container is restrained.

Table 4. Roots parameter indexes.

Seedling
stock 
type

Age, 
years N

Index R
CSA of root collar/

CSA of all skeletal roots 
(horizontal+vertical)

Index HV
CSA of horizontal skele-
tal roots/CSA of vertical 

skeletal roots

Index A
CSA of roots of two quad-

rants with max. values/CSA 
of roots of two quadrants 

with min. values

PP

4 30 0,66 1,98 2,30
4 30 0,98 2,10 3,90
5 30 0,72 1,20 1,19

10 20 0,74 0,82 5,77
10 20 0,60 0,40 4,67
11 20 0,55 2,10 2,75
12 30 0,62 0,95 3,64
13 17 0,71 1,01 3,35
13 19 0,82 0,96 3,22
13 17 0,76 1,09 2,95
14 20 0,64 1,46 3,79

YS

4 30 0,5 1,2 2,7
4 11 1,0 2,3 4,0
4 20 0,6 2,6 4,3
5 30 0,7 1,2 4,9
7 30 0,5 1,3 3,4
8 30 0,6 1,1 4,1

10 20 0,6 1,4 2,5
11 17 0,6 1,0 2,6
16 30 0,6 1,0 3,9

BR

5 30 0,58 1,51 1,22
5 11 0,82 0,86 1,59
9 30 0,66 0,81 3,07

11 17 0,54 1,24 2,77
12 18 0,56 1,67 2,72
17 30 0,65 1,61 2,73
19 30 0,69 1,07 3,20

Mann-Whitney’s U test (* – significance p<0.05)
seedling stock types U p U p U p
PP-YS 23.500 0.046* 36.000 0.331 41.500 0.552
PP-BR 25.000 0.246 38.000 1.000 17.000 0.056
YS-BR 28.000 0.758 28.000 0.758 15.000 0.091
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                                1. PP  1+0                                                                      2. PP  4-years

                            3. PP  10-years				        4. PP  14-years

Fig. 1–4. PAPERPOT seedlings and trees: “Elbow” deformations of lateral roots, L-curved tap 
root, eccentrical root system (1); knotted and twisted lateral and vertical roots (2); one half of 

rooting radius without roots, absence of vertical roots, swelling at the zone of former container (3); 
unilateral root system (4).
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     	              7. YS  11-years				          8. YS  16-years

		  5. YS  1+0				           6. YS  4-years

Fig. 5–8. YUCOSAD seedlings and trees: “Elbow” deformations and knotting of lateral roots, (5); 
knotting and twisting of lateral roots (6); poorly developed vertical roots (7); swelling 

of the zone of former container due to ingrown roots (8).
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	                 9. BR  1+0				       10.  BR  5-years

	            11. BR  11-years				       12. BR  11-years

Fig. 9–11. BARE ROOT seedlings and trees: typical root morphology (9); unilateral root system, 
vertical roots deformation (10); spiralling of lateral roots,  (11), bilateral root system, “L” shape of 

vertical roots (12).
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Conclusions

Root systems of seedlings of both con-
tainer types are modified and deformed 
by the container (primary deformations). 
Morphology and deformations of root 
systems of young trees of both container 
types are similar and the influence of pri-
mal container is still perceptible. Root sys-
tems of older trees gradually overcome 
this disposition and develop according to 
site conditions ensuring functionality and 
stability. Secondary deformations take 
part in root morphology modification of all 
seedling stock types.

There is no significant difference be-
tween Paperpot and Yucosad  seedlings 
and trees features, roots morphology and 
field performance. Deformations of roots 
are quite often in container-type stands. 
However, all container and bare root seed-
ling type trees’ growth and vitality depend 
mostly on site conditions and planting tech-
nique.
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