Influence of Container Type and Growing Media

Original scientific paper
Sumarski list 150 (3-4): 135-141, 2026

on Seedling Growth of Pinus sylvestris in the

Nursery

Fahrettin Tilki'*, Omer Er?

' Department of Forestry, Glimlishane Vocational School, Glimiishane University, Glimlishane, Tirkiye
2 Gemlik Forest District Directorate, Gemlik, Bursa, Tiirkiye
* Corresponding author: Fahrettin Tilki, e-mail: ftilki@gumushane.edu.tr

Abstract

Type of container and growing media are two important factors that affect seed-
ling quality. The present study aimed to evaluate the effects of the growing me-
dia (local peat sources and Finnish peat) and Enso tube containers (type with
vertical slits and rocket type) on the morphological attributes of two-year-old
container-grown Pinus sylvestris L. seedlings using a completely randomised
block experimental design in the nursery. Both container types and growing
media significantly affected some seedling morphological attributes such as
seedling height (SH), root collar diameter (RCD), the Dickson quality index (DQI),
shoot and root dry weights (SDW and RDW, respectively), and sturdiness quo-
tient (SQ) of P. sylvestris seedlings. When the containers were evaluated, the fixed
Enso container type with greater volumes, which has vertical slits on the side-
walls, gave better results in terms of most measured seedling morphological
characteristics than the Enso-rocket container type with smooth walls. It was also
determined that the growing media significantly affected P. sylvestris seedlings’
morphological indices, and low growing media acidity because high local peat
pH decreased some morphological quality attributes of P. sylvestris seedlings.
The results suggest that lowering local peat pH can increase the potential of lo-
cal peat as a Finnish peat substitute in container growing media for P. sylvestris
seedling production.
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INTRODUCTION

Nursery management practices affect seedling quality at-
tributes (Aphalo and Rikala 2003, Aghai et al. 2014), and
assessment of seedling quality characteristics at the seed-
ling stage could help to predict their field growth and sur-
vival (Mattsson 1996, Aytas and Tilki 2012, Tian et al. 2017,
Grossnickle and MacDonald 2018).

Several parameters are used to determine seedling mor-
phological and physiological qualities in relation to field
performance. Most of the parameters are based on seedling
morphological attributes and are well correlated with out-
planting performance (Thompson 1985, Aphalo and Rikala
2003, Tsakaldami et al. 2013).

Seedling height and root collar diameter are commonly
used criteria to classify seedling quality. They are easily mea-
surable and have a significant impact on field performance
(Mexal and Landis 1990, Dey and Parker 1997, Haase 2008,
Tsakaladami et al. 2013). Total seedling dry weight is a fun-
damental measure of growth, and high dry weight values
of seedlings are better. Shoot/root ratio and sturdiness quo-
tient are also important parameters for seedling growth and
survival. Low values of these parameters may be favorable
for dry sites (Thompson 1985, Aphalo and Rikala 2003, Close
etal. 2010, Ivetic et al. 2016). The Dickson quality index (DQI)
indicates plant field performance, and high DQI values indi-
cate better performance (Manas et al. 2009, Tsakaldimi et al.
2013, Grossnickle and MacDonald 2018).

Many studies show that container variables, such as shape,
color, size, and design characteristics influence seedling at-
tributes in nursery (South et al. 2005, Close et al. 2010, Aghai
et al. 2014, Kolevska et al. 2020). The morphology and de-
sign of a container are also important because they deter-
mines the seedling quality, primarily in terms of their root
systems (Landis et al. 1990, Rune 2003, Dominguez-Lerena
et al. 2006, Sanchez-Aguilar et al. 2016, Tian et al. 2017).

Container volume significantly affected plant morphology
of several species. Consequently, seedlings grown in con-
tainers with larger rooting volume had significantly larg-
er heights and diameters in nursery, and larger container
volumes usually correlate better with field performance
(Sutherland and Day 1988, Dey and Parker 1997, Aphalo and
Rikala 2003, South et al. 2005).

Container growing media are very important for seedling
quality, and peat is the most important of the materials used
for making container medium in nurseries, either alone or
mixed with other materials (Landis et al. 1990, Manas et al.
2009, Blok et al. 2021). However, as a result of an increase in
sphagnum peat costs, a decrease in the amount of sphag-
num peat, and increasing concern about over extraction of
peat (Landis et al. 1990, Manas et al. 2009, Heiskanen, 2013,
Barrett et al. 2016), seedling producers are seeking more lo-
cally available growing media in many countries including
Turkiye. As a result, various alternative materials, including
local peat, sawmill residues, biosludge, chicken manure, rice
husks, wood fiber, bark, natural zeolit, and compost have
been tested as components of nursery substrates in differ-
ent proportions (Kahraman and Guclu 2001, Ayan and Tilki
2007, Manas et al. 2009, Tilki and Doganay 2015, Tian et al.
2017, Heiskanen et al. 2024).

Since growing media and container type have great impact

136 Sumarski list 150 (3-4): 135-141, 2026 © Hrvatsko Sumarsko drustvo

on seedling quality, the objectives of this study are to: (1)
evaluate the suitability of local peats from Turkiye (Pat-
nos-Agri and Karacoban-Erzurum) as components of con-
tainer media for two-year-old Pinus sylvestris L. (Scots pine)
seedlings, and (2) assess the influence of container type on
seedling morphological characteristics during nursery cul-
ture.

MATERIALS AND METHODS

The experiment was carried out in Erzurum Forest Nursery,
Turkiye, using Finnish-style greenhouses to grow P. sylves-
tris seedlings, one of the important tree species raised in
containers in that nursery. The nursery is located at 1850 m
above sea level, with a general orientation to the northwest.
The seeds were collected from the seed collection areas de-
termined by the Forest Nursery Directorate in the central
districts of the Erzurum province.

In the study, 15 different growing media were created from
Karacoban (Erzurum-Tirkiye), Patnos (Agri-Tirkiye) and
low-humified Finland’s sphagnum peat with 25% mixture
ratios (0, 25, 50 or 100% by volume). After preparing the
growing media, their chemical and physical properties were
determined. Variations in the measured characteristics of
the growing medium arise from the differing plant species
involved in peat formation at the source of the indigenous
peat, which consequently alter the rate of decomposition
(Table 1).

Organic matter content using the Walkley-Black method
was determined (Nelson and Sommers 1996). Brayl proce-
dure was used to determine phosphorus content (Kalra and
Maynard 1991), and pH of the growing medium was mea-
sured in a soil water suspension (soil-solution ratio 1:2.5)
using a pH-meter. Exchangeable cations were measured by
using atomic absorption spectrophotometer (Kacar 1996).

Containers were filled with 15 different growing media
mixes. Three seeds were sown per cell in two types of circu-
lar-section container tubes (Enso and Enso-rocket), differing
in design and volume. The first of the container types were
used is the Enso type container. One plastic tray contains 45
fixed cells with a volume of 0.220 dm? (height: 5 cm, upper
diameter: 16 cm) with vertical slits in the sidewalls to im-
prove root structure. The second container type model used
in the research was Enso-rocket tube type. In this container
type, seedling tray contains 45 cells without internal verti-
cal groove with a tube volume of 0.172 dm? (height: 5 cm,
upper diameter: 12 cm). Tubes are hard plastic and have a
smooth inner surface. A total of 95% of P. sylvestris seeds
were germinated in containers. The germlings were thinned
to allow only the most vigorous seedling per cell to grow
after the germination of the seeds.

Seedlings were watered as needed to maintain sufficient
moisture for continuous growth. A total of 135 g of NPK
compound fertilizers was applied per m* (15 g m?in August,
70 g m? in September, 50 g m? in October), containing
macronutrients and micronutriens (Table 2). After 45 days
of growing, containers were put on the overhead wire grid
for air pruning outdoors. During the nursery stage, normal
management practices (irrigation, fertilization, weeding)
were carried out.
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Table 1 The properties of substrates used in the experiment.

Water holding
Growing pH Organic matter capacity Ca Mg P K
medium
- % % me/lt me/lt ppm ppm

pok1f3 6.59 31.64 0.185 54.64 11.59 59.86 98.79
pokof4 527 36.31 0.145 58.81 14.74 7257 75.72
pOka4fo 753 27.59 0.184 61.59 11.86 34.78 58.41
pOk3f1 7.70 38.17 0.182 61.39 24.50 23.88 49.97
pok2f2 6.56 3849 0.182 49.17 10.63 53.89 110.77
p1kif2 7.05 32.26 0.166 44,01 17.70 70.95 86.99
p1k2f1 7.55 26.97 0.177 49.67 12.84 82.93 95.46
p1kof3 7.51 27.59 0.180 46.89 7.59 62.46 89.01
p1k3fo 6.46 2479 0.137 39.24 10.93 78.08 90.71
p2kif1 7.20 2448 0.185 47.48 11.21 92.6 83.69
p2k2f0 7.60 29.15 0.186 38.35 2035 87.45 125.62
p2k0f2 6.80 21.06 0.188 31.19 1747 3448 97.66
p3k1f0 744 26.66 0.186 38.25 19.75 99.78 84.90
p3kof1 7.20 27.59 0.190 29.21 19.16 85.27 94.44
p4kofo 7.35 21.99 0.191 2891 18.25 78.11 92.12

Which: p: Patnos peat, k: Karacoban peat, f: Finland peat, 0: 0%, 1: 25%, 2: 50%, 3: 75%, 4: 100%.

Ten seedlings at random from each replication of each treat-
ment were sampled and root collar diameter (RCD, +0.01 mm)
and seedling height (SH, £0.1 cm) of fresh seedlings were
measured. Then, the shoot and roots were separated (cut) at
root collar, and shoot and root dry weights (SDW and RDW,
respectively) were determined after the end of the second
growing season. After carefully washing root systems free of
all media, SDW and RDW were measured with accuracy of
0.001 g after drying the plant material for 24 h at 105°C. Us-
ing these measurement values, sturdiness quotient (SQ) and
the Dickson quality index (DQI) were determined.

Sturdiness quotient (SQ) was quantified as the ratio of height
(cm) to root collar diameter (mm) (Aphalo and Rikala 2003).
The Dickson quality index (DQI) was calculated according
to Dickson et al. (1960) using the formula: DQI = total dry
weight, g / [(shoot height, cm / root collar diameter, mm) +
(shoot dry weight, g / root dry weight, g)].

The experiment followed a randomized complete block de-
sign (RCBD) with two container types and 15 growing media
treatments, each replicated three times. Data were analyzed
using analysis of variance (ANOVA), and treatment means
were compared using Duncan’s multiple range test at a sig-
nificance level of p < 0.05 (Zar 1996).

RESULTS

Table 2 Treatment of dose and application times of NPK-compound fertilizer.

Application time Chemical content

May-June NPK (13:40:13) + micronutrient
July-August NPK (20:20:20) + micronutrient
September NPK (19:6:20) + micronutrient

October-until the end of the

. NPK (0:25:36) + micronutrient
vegetation season

Effects of Container Type and Growing Media
on SH and RCD

Analysis of variance showed that both container type and
growing media significantly affected SH and RCD of the
seedlings. However, there was not a significant interaction
between container type and growing medium for seedling
height and root collar diameter. When the container types
were analyzed, higher average SH of P. sylvestris was ob-
tained in Enso tube containerized seedlings (15.60 cm) com-
pared to the average of 15 different media. Pinus sylvestris
seedlings grown in Enso tube containers were about 10%
taller (Table 3). Among growing media, the seedling height
was the greatest (20.33 cm) when seedlings were grown in
pOkof4 growing medium, followed by p1k0f3 and pOk1f3,
with the shortest seedlings grown in p0k4f0 (12.86 cm).

When RCD was evaluated, the Enso tube containerised
seedlings had a higher average RCD when averaged over
15 different treatments (3.84 mm). Growing media also sig-
nificantly affected (p <0.05) RCD, and the highest RCD was
measured as 4.74 mm in pOk0f4 growing medium followed
by the p2k0f2 growing medium (4.53 mm), while the low-
est RCD was found in the p4k0f0 and p3k0f1 growing media
(3.93 and 3.86 mm, respectively) (Table 3).

Effects of Container Type and Growing Media
on SDW and RDW

Statistical analysis showed that the type of container and
growing media significantly affected (p < 0.05) SDW and
RDW (Table 4). SDW was 9.5% greater and RDW was 10.2%
greater for the P. sylvestris seedlings grown in Enso tube
containers compared to the seedlings in Enso-rocket tube
containers.

There was a significant interaction between types of con-
tainer and growing media for these parameters. Among

137



Table 3 Effects of container type and growing media on SH and RCD.

) . SH (cm) RCD (mm)
Growing medium

Enso Enso- rocket Mean Enso Enso- rocket Mean
poki1f3 19.77 18.56 19.17b 437 4.06 422d
pOkof4 20.92 19.74 2033a 4.86 461 474a
pOka4fo 13.59 12.12 12.86h 3.50 3.25 338¢
pOk3f1 14.04 12.79 13429 3.38 3.08 3.23h
pok2f2 16.87 15.97 1642 ¢ 3.95 3.54 375f
p1kif2 15.82 14.56 15.19e 445 4,02 4.23d
p1k2f1 14.46 12.58 1352¢g 347 3.09 3.28h
p1kof3 20.96 17.63 1930b 473 3.98 436¢
p1k3fo 14.74 13.57 1416 f 293 2.69 2.81]j
p2kif1 15.82 13.59 14.71e 3N 2.77 2.94i
p2k2fo 15.31 1347 14.39 ef 3.19 2.81 3.00i
p2kof2 15.07 14,00 14.54 ef 472 433 453b
p3k1fo 14.12 1217 13.15gh 3.28 2.82 3.05i
p3kof1 16.88 16.18 16.53 ¢ 392 3.80 3.86¢e
p4kofo 16.61 15.13 15.87d 410 3.75 393e
Mean 15.60 A 14.198B 3.84A 3.50B

Means followed by the same lowercase letter in the column or uppercase letter in the row do not differ significantly (p < 0.05).

container types, higher average SDW of the seedlings (2.07
g) was obtained in the Enso container type, averaged over
15 different growing media. Considering the seedling grow-
ing environments, the highest SDW was measured as 3.17 g
in pOkof4, followed by the growing media of p1k0f3, pOk2f2,
p3k0f1 and p4k0fo, while the lowest SDW was measured as
1.57 g and 1.53 g in p1k3f0 and p1k2f1 growing medium,
respectively, according to the average of two different con-
tainer types (Table 4).

Table 4 Effects of container type and growing media on SDW and RDW.

Considering the container types, higher average RDW was
obtained in the Enso containerized seedlings, averaged
over growing media (1.29 g). Among the growing media,
according to the average of two different container types,
the highest RDW was measured as 2.10 g in pOk0f4 growing
medium followed by the p1k0f3 growing medium, while the
lowest RDW was measured as 0.72 g in the p0k4f0 growing
medium (Table 4).

. . SDW (g) RDW (g)
Growing medium

Enso Enso- rocket Mean Enso Enso- rocket Mean
poki1f3 231 216 2.24bc 1.69 1.59 1.64b
pokof4 3.25 3.09 3.17a 216 2.04 2.10a
pOk4f0 1.29 1.15 1229 0.76 0.68 0.72h
pOk3f1 1.56 142 149f 0.94 0.87 0919
pok2f2 2.51 238 245b 147 1.39 1.43 bc
p1kif2 2.09 1.88 1.99 cd 132 1.20 1.26 de
p1k2f1 1.63 1.43 1.53f 1.00 091 0.96 fg
p1kof3 261 2.19 240b 1.85 1.55 1.70b
p1k3fo 1.63 1.51 157f 1.07 0.99 1.03fg
p2ki1f1 1.82 1.60 1.71e 1.27 1.1 1.19de
p2k2fo 1.81 1.59 1.70e 145 1.28 137cd
p2k0f2 1.89 1.74 1.82de 1.13 1.03 1.08 ef
p3k1fo 1.84 1.58 1.71e 1.46 1.26 1.36cd
p3kof1 235 228 232b 1.22 1.18 1.20de
p4kofo 248 226 237b 1.20 1.12 1.16 ef
Mean 2.07A 1.898B 1.29A 1.178B

Means followed by the same lowercase letter in the column or uppercase letter in the row do not differ significantly (p < 0.05).
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Effects of Container Type and Growing
Media on SQ and DQI

SQ of P. sylvestris seedlings was not affected by container
type, while growing media significantly affected SQ value
of the seedlings. Considering the growing media, the high-
est SQ was measured as 5.05 and 5.01 in p1k3f0 and p2k1f1
growing media, respectively, followed by the p2k2f0 grow-
ing medium (4.80), while the lowest SQ value was 4.06 in the
p4k0f0 growing medium, according to the average of two
different container types (Table 5).

Container type and growing media significantly affected (p
< 0.05) DQI of the seedlings. Pinus sylvestris seedlings grown

Table 5 Efects of container type and growing media on SQ and DQI of seedlings

in the Enso type container had greater DQI (0.83) according
to the average of 15 different growing media compared to
the seedlings grown in the Enso-rocket tube containers.
DQIl was 10.6% greater for the seedlings grown in Enso tube
containers compared to seedlings in Enso-rocket tube con-
tainers. With regard to growing media, according to the av-
erage of the two different container types, the highest DQI
was measured as 1.23 in the pOk0f4 growing medium, while
the lowest DQI was measured as in the range of 0.51-0.58 in
pOk4fo, pOk3f1, p1k2f1 and p1k3f0, p2k1f1, p2k2f0 growing
media, according to the average of two different container
types (Table 5).

SQ DQl
Growing medium

Enso Enso- rocket Mean Enso Enso- rocket Mean
pokif3 454 459 456¢ 0.89 0.82 0.85¢
pokof4 430 428 429de 1.26 1.20 1.23a
pOkafo 391 3.75 3.83¢g 0.53 0.49 051e
pOk3f1 418 418 418 ef 0.60 0.55 0.58¢e
pok2f2 428 451 440 cd 0.93 0.83 0.88b
p1kif2 3.57 3.63 3.60h 0.96 0.85 091b
p1k2f1 418 4,09 413 ef 0.63 0.58 0.60e
p1kof3 443 443 443 cd 1.01 0.85 093b
p1k3fo 5.05 5.05 5.05a 0.54 0.49 0.52e
p2kif1 5.10 492 5.01a 0.61 0.55 0.58e
p2k2fo 481 479 480b 0.68 0.60 0.64 de
p2k0f2 3.20 324 3.22i 0.95 0.86 090b
p3k1fo 431 432 431de 0.77 0.66 071cd
p3kof1 432 426 4.29de 0.83 0.82 0.82 bc
p4kofo 4,07 4,05 4,06 f 0.91 0.84 0.87b
Mean 414 A 413A 0.83A 0.75B

Means followed by the same lowercase letter in the column or uppercase letter in the row do not differ significantly (p < 0.05).

DISCUSSION

Determination of seedling quality attributes is very im-
portant in forest practice, as seedling morphology at lifting
would be a good predictor of seedling performance in field
(Mattsson 1996, Dey and Parker 1997, Bayala et al. 2009,
Aytas and Tilki 2012, Tsakaldimi et al. 2013). In the present
study, container shape and volume affected morphologi-
cal attributes of P. sylvestris seedlings. Similar findings were
reported for Pinus pinea L. (Dominguez-Lerena et al. 2006),
Cupressus sempervirens L. (Topic et al. 2009), Larix occiden-
talis Nutt. (Aghai et al. 2014), Pinus halepensis Mill. (Singh et
al. 2018), Pinus occidentalis Sw. (Hubbel et al. 2018), Quercus
robur L. (Mijatovic et al. 2022), and Ulmus glabra Huds. (Er
and Tilki 2023).

When comparing larger fixed Enso container type to En-
so-rocket tube type with smooth walls, the larger Enso con-
tainer type with vertical slits, which potentially deters root
spiralling and forces the seedling roots to grow downward,
increased height, diameter, root dry weight and DQI of the
seedlings. The type and size of the container determine not

only the roots’ development, but also nutrient and water
availability.

Morphological parameters of the two-year-old seedlings of
P. sylvestris were also affected by growing media. Although
peat is the most popular component in both greenhouse
and nursery mixes, seedling growers have been trying to
create their own media using locally available growing me-
dia components in many countries and also in Tirkiye, and
some previous research have shown that some organic and
inorganic compounds (fine quartz, sewage sludge, sawmill
residues, compost, diatomite, wood chips, perlite, local peat
and many other substitutes in different proportions) can be
substituted for peat (Landis et al. 1990, Ingelmo et al. 1998,
Manas et al. 2010, Heiskanen 2013, Memisoglu and Tilki
2014, Hubbel et al. 2018, Kose et al. 2020).

In the present study, the highest SH, RCD, dry weight and
DQI of P. sylvestris seedlings were found in pure sphagnum
peat (p0k0f4 growing media). The pH of 5.27 of the pOk0f4
growing medium may have contributed to increased seed-
ling attributes. Growing media acidity has been shown to be
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very important to successful conifer growth (Gilmore 1972,
South 2017), and most studies showed that pH higher than
6.0 is not optimal for growing most pine species as well as
Scots pine seedlings in nurseries (Carter 1987, Marx 1990,
South 2017). The domestic peat with high pH reduced the
morphological quality attributes of P. sylvestris seedlings
significantly in this study. Lowering local peat pH with sul-
phur or ammonium sulphate can increase container-grown
seedling quality of P. sylvestris, and domestic peat with pH
around 5.5 can mix with imported Finnish peat. Er and Til-
ki (2023) found that the use of domestic peat from Tirkiye
with pH higher than 5.5 mixed with imported Finnish peat
in proportion of up to 50% had positive results in terms of
container seedling production of Umus glabra, as found
in previous studies that most container-grown hardwoods
grew best at pH higher than 5.5 (Salifu et al. 2006, Zhang et
al. 2016).

CONCLUSIONS

The present study showed that both container types and
growing media had a significant effect on the seedling
growth attributes of P. sylvestris (two-year-old). Since higher
seedling height, root collar diameter, total dry weight and
the Dickson quality index may be an indication of high seed-
ling quality, the results in this study suggest that the larg-
er fixed Enso container type, which has vertical slits on the
sidewalls, produced higher-quality seedlings that can per-
form better, especially in adverse environmental conditions
of plant establishment. In terms of growing media, high pH
of the growing media mixes decreased the morphological
quality of P. sylvestris seedlings. Thus, the results suggest
that the pH of domestic peat should be lowered to around
5.5 with ammonium sulphate or sulphuric acid to increase
the ratio of local peat in the growing media mixes for P. syl-
vestris seedling production.
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