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This experiment investigated the effect of different container design on growth and development
of Small-leaved lime (Tilia cordata Mill.). Experimental plants acquired in the Netherlands were of
standardized height 0.4 meters, with diameter of the root neck of 3-5mm. To monitor the effect of
different types of containers (“Air-Pot™ container - Bohemiaseed, s. r. 0., Squared containers “Vet”
- SINCO Lid., Containers 50 Series MCI/MCC - round plastic nursery containers, “Air pot” garden
bags — Arbo ° Standard, Poland) on the physiological and morphological parameters of plants, three
types of nursery containers were selected with open ground as control variant. Statistically significant
difference between fluorescence and time of measurement was also found. In the Small-leaved lime
the container type did not affect chlorophyll content or chlorophyll fluorescence (Fv/Fm); plants
grown in Containers 50 Series MCI/MCC showed a lower chlorophyll content compared to plants
grown in “Air-Pot ™ containers. As reported in literature, Fv/Fm ratio is a reliable indicator of the
occurrence of environmental stresses, including water stress, on air-pot bag for several woody and

herbaceous species.

Tilia cordata Mill., nursery stock quality, abiotic stressors, container production

Plants are sessile organisms that cannot escape
from environmental constraints and, as a result, they
have evolved numerous adaptive responses to cope
with environmental stresses. Most environmental
stresses share common effects and responses such as
reduction in growth and photosynthesis, oxidative
damage, hormonal changes, and accumulation of
numerous abiotic stresses (Kacperska, 2004; Dobra
etal., 2010).

Trees grown in containers develop root systems
that are different from trees grown by other nursery
production methods. Instead of spreading to their
natural distance (Stout, 1956; Watson and Himelick,
1982) roots on shade trees are deflected up, down,
or around by container walls (Harris and Gilman,
1991), and this can affect how roots grow out into
landscape soils. Roots growing away from the
trunk can also be deflected 180 degrees and grow
back to and close to the trunk forming a root kink.

Root systems on trees planted from containers also
have more constricted, circling, and kinked roots.
Naturally regenerated seedlings had greater sinker
root development, and possessed self grafted roots
(Halter et al., 1993).

Plants grown in standard plastic containers
for too long often have deformed roots that are
kinked or grow along the sides or bottom of the
root ball. Many variant container types have been
designed to reduce the incidence of deformed roots.
These options typically utilize one or more of the
following: air root-pruning technology, specialized
container shapes, bottomless containers, nonwoven
fabrics, mechanical deflection, or chemical
manipulation (Amonso et al., 2010).

Root deformation occurs even before trees root
in enough to be lifted out of a container, and these
can persist to cause instability many years later.
Many studies on conifer seedlings show that root
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deflection in small containers can contribute
to long-term growth problems after planting in
the forest. Plants grown in standard black plastic
containers for too long often have deformed roots
which are kinked or grow along the sides or bottom
of the root ball. Many variant container types were
designed to reduce formation of deformed roots.
These typically utilize one or more of the following:
air root pruning technology, specialized container
shapes, bottomless containers, woven or non-
woven fabrics, mechanical deflection or chemical
manipulation (Brass et al., 1996; Marler and Willis,
1996).

When porous-walled plastic containers are
used, root growth is stopped at the wall-substrate
interface (Privett and Hummel, 1992): the tip roots
reach the container wall hole and are desiccated.
As a result of the loss of root apical dominance,
more fine roots develop in the inner part of the
root ball, allowing a more even root system (Marler
and Willis, 1996). Air-pruning technology can be
combined with techanical deflection by including
vertical ribs on the interior container surfaces
(Rune, 2003). Thus, the objective of this experiment
was to evaluate the effect of four different containers
and also as a control version open ground on plant
growth and root architecture of Tilia cordata Mill. To
provide further insight into the effect of container
shape on plant stress, chlorophyll content and
chlorophyll fluorescence were also studied.

MATERIALS AND METHODS

The experiment was established at a multipurpose
scientific experimental workplace on plots of the
Faculty of Horticulture in Lednice in April 2012.

Small-leaved lime (Tilia cordata Mill.) was selected
as the object of the study, which is one of the species
with relatively simple technology that is growing
with the increasing demand for water and leaf area
large enough to accurately measure the parameters.
Experimental plants acquired in the Netherlands
(Importer of plants in the Czech Republic, the
company ARBOEKO, s.r.o., Obfistvi) have been of
standardized height of 0.4 meters, with diameter of
the root neck of 3-5mm. To monitor the effect of
different types of containers (,Air-Pot™ container
- Bohemiaseed, s.r.o., Squared containers “Vet”
- SINCO Ltd., Containers 50 Series MCI/MCC -
round plastic nursery containers, “Air pot” garden
bags — Arbo © Standard, Poland) on the physiological
and morphological parameters of plants, three types
of nursery containers were selected and the control
variant was open ground. All used garden containers
had the same volume - 5L. In the experiment,
each variant used 50 pieces of planting material,
repeated experiments were doubled. Used planting
technology was traditional. Control plants were
grown in naked soil and planted in the conventional
nursery manner on an open site.

The substrate used was peat mixture RKS II
from manufacturer AGRO CS, a. s., Ceska Skalice.

Chemical and physical characteristics of the
substrate: pH 5.5-7.0; N 250-350 mg.1L.; P,O, 200-
250 mg.1L.; K,0 300-400mg. 1L.

The irrigation system was automatic; containers
had sensors for measuring humidity and
temperature of the substrate. Temperature for
automatic irrigation was installed and set to 25°C
degrees.

During the growing season physiological
and morphological parameters of plants were
measured. Physiological measurements were
done from May to August. Specific equipment
used included: to determine the content of
chlorophyll in leaf - Chlorophyll Content Meter
(CCM-200) identification and assessment of plant
stress physiology and the general study of plants,
measurements of chlorophyll fluorescence using
Chlorophyll Fluorometer OS-30. Before planting,
the plants were measured upon their morphological
parameters: height of plants, root system length and
diameter of root neck.

The data processing was carried out in Microsoft
Office Excel 2010 and all statistic analyses
were performed using freely available statistic
programme R version 2.15.1. (R Development Core
Team 2012), for editing R scripts Tinn-R code editor
was used (Faria, 2011).

The aim of this data analysis was to compare the
group means between control and variants. For this
purpose one-way analysis of variance (ANOVA) type
I (sequential) sum of squares was used. Treatment
contrast was used to estimate factor level means
and to determine significance difference between
control and variants (at 0.05 significance level).
To compare the group means between times of
measurements, one-way ANOVA type I (sequential)
sum of squares was used as well. Treatment contrast
was also used to estimate factor level means.
To determine the difference between times of
measurement, Fisher’s least significant difference
(LSD) test from “agricolae” package (Mendiburu,
2010) and Dunnett-Tukey-Kramer pair-wise
multiple comparison test from package “DTK” (Lau
2011) was used. 95 % confidence intervals (CI) for the
mean were also calculated in all cases.

After the analysis, the assumptions of ANOVA
were checked. To test normality (at 0.01significance
level) Shapiro-Wilk normality test and Cramer-
von Mises test from “nortest” package (Gross et. al.,
2011) were used. To test the homoscedasticity (also
at significance 0.01 level) Bartlett’s test and Levene’s
test from “car” package (Fox and Weisberg 2011)
were used. Besides, the assumption checking was
also performed by diagnostic plots. For this purpose
the following diagnostic plot was used: plot of
residuals versus fitted values, normal Q-Q plot of
standardized residuals, scale-location plot, plot of
residuals versus leverage, Cook’s distance plot and
plot of Cook’s distance versus leverage.
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RESULTS AND DISCUSSION

In some cases the assumptions of one-way
ANOVA were not satiated completely (normality,
homoscedasticity), therefore the data analysis
was also repeated with non-parametric statistical
methods. For this purpose Kruskal-Wallis chi-
square test was used. Two-tailed comparison
(variants vs. control) and multiple comparisons
(between measurements) were used to detect the
difference after Kruskal Wallis chi-square test. For
this purpose “pgirmess” the package (Giraudoux,
2012) was used.

The average value of CCl with C195 %
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1: The index values of chlorophyll (CCI) specific variants of three
measurement conditions

Due to our results we can conclude that in case
of chlorophyll concentration index (CCI) there
are no statistic significance differences between
the control and variants in case of 1* measurement
(F,105= 114, p = 034; 72= 5.01, df = 4, p = 0.29, 1 = 40
in each group), but there are statistically significant
differences in case of 2" measurement (Fy05= 713,
p < 0.001; x*=23.44, df = 4, p < 0.001, n =40 in each
group) and also no statistically significant difference
was found in case of 3@ measurement (F, 105 = 1.67,
p = 0.16; x>= 6.03, df = 4, p = 0.20, n = 40 in each
group).

Statistically  significant difference  between
chlorophyll content index (CCI) and time of
measurement (F,,, = 42.54, p < 0.001; y?= 7891,
df =2, p <0.001, n =200 in each group). Statistically
significant difference was found between 1*t and 2"
measurement (Tukey HSD: p < 0.001; LSD: p < 0.001;
Multiple comparison test after Kruskal-Wallis:
significance difference) respectively between 1¢
and 3 measurement (Tukey HSD: p < 0.001; LSD:
p < 0.001; Multiple comparison test after Kruskal-
Wallis: significant difference). There is no difference
between 2™ and 3 measurement (Tukey HSD:
p = 0.04; LSD: p = 0.10; Multiple comparison test
after Kruskal-Wallis: no significant difference). The
average CCI value of 1* measurement was 22.32
(95% CI [21.37, 23.27]), in 2" measurement it was
28.35 (95% CI [27.40, 29.30]) and in 3" measurement
it was 26.94 (95% CI[25.99, 27.89]).

In case of fluorescence, significant difference
was found between control and variants: 1
measurement (1’47195 = 1018, p < 0.001; y*= 34.49,
df = 4, p < 0001, n = 40 in each group), 2
measurement (F, ,.=9.00, p < 0.001;3*= 4171, df =4,
p <0.001,n=40in each group), and 3"*measurement
(F, 105 = 4:69, p = 0.0012; 2= 15.84, df = 4, p = 0.0032,
n=40in each group).

I: The average value of chlorophyll concentration index (CCI) with CI 95% and significant difference to “control”

Factorlevels | WOl o Mean CTO5%)  Fomtrant (poaalney. s Kenckel walli
1 22.10 20.12-24.08 - -
Control (open soil) 2 30.27 28.12-32.42 - -
3 28.67 26.55-30.78 - -
. 1 22.49 20.51-24.47 0.79 FALSE
cﬁﬁt;ﬂrs 2 28.63 26.48-30.77 0.29 FALSE
3 27.30 25.18-29.42 0.37 FALSE
1 20.61 18.63-22.58 0.29 FALSE
Square containers 2 29.71 27.56-31.86 0.72 FALSE
3 26.32 24.20-28.43 0.12 FALSE
_ _ 1 23.24 21.26-25.22 0.42 FALSE
ﬁ’gfﬁ‘g’g 50 Series 2 23.26 21.11-25.41 p <0.001 TRUE
3 24.96 22.84-27.07 0.02 TRUE
1 23.17 21.19-25.15 0.45 FALSE
Air-bag pot 2 29.89 27.74-32.04 0.81 FALSE
3 27.46 25.34-29.58 0.43 FALSE
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The average value of fluorescence with Cl 95 %
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2: The values of chlorophyll fluorescence Fv / Fm of the options
measured on the three dates

Statistically significant difference was also found
between fluorescence and time of measurement
(F, 55, = 6.90, p = 0.0011; 72 = 14.23, df = 2, p < 0.001,
n = 200 in each group). The statistically significant
difference was found between 1% and 3¢
measurement (Tukey HSD: p = 0.002; LSD: p < 0.001;
Multiple comparison test after Kruskal-Wallis:
significant difference) respectively between 2nd
and 3™ measurement (Tukey HSD: p = 0.01; LSD:
p = 0.004; Multiple comparison test after Kruskal-
Wallis: significant difference). There is no difference
between 1 and 2" measurement (Tukey HSD:
p = 0.85; LSD: p = 0.59; Multiple comparison test
after Kruskal-Wallis: no significant difference). The
average fluorescence value of 1% measurement was

0.72 (95% CI [0.71, 0.73]), 2"d measurement was 0.72
(95% CI [0.71, 0.73]) and 3" measurement was 0.74
(95% CI1[0.73,0.75]).

For height of plants there is no statistically
significant difference between control and variants
in case of 1% measurement (1’41195 = 0.162, p = 0.96;
x*=0.42,df =4, p =098, n =40 in each group). There
are statistically significant differences in case of 2
measurement (F, = 23.54, p < 0.001; %% = 57.65,
df =4, p <0.001, n =40 in each group) and in case of
3" measurement (F, 105 = 40.84, p < 0.001; x*= 88.95,
df =4, p < 0.001, n =40 in each group).

Statistically ~significant difference was also
found between height of plants and time of
measurement (F, . = 665.22, p < 0.001; x>= 467.81,
df =2, p < 0.001, n =200 in each group). In all cases
statistical significance was found: between 1* and
2" measurement (Tukey HSD: p < 0.001; LSD:
p < 0.001; Multiple comparison test after Kruskal-
Wallis: significant difference), between 1 and 3™
measurement (Tukey HSD: p < 0.001; LSD: < 0.001;
Multiple comparison test after Kruskal-Wallis:
significant difference) respectively 2™ and 34
measurement (Tukey HSD: p < 0.001; LSD: < 0.001;
Multiple comparison test after Kruskal-Wallis:
significant difference). The average height of plant
was, in case of 1t measurement 0.51 (95% CI [0.48,
0.557), in case of 2" measurement 0.86 (95% CI [0.83,
0.89]) and in case of 3" measurement 1.39 (95% CI
[1.36,1.42]).

The results of this study suggest that the container
typology has an influence on physiological and
morphological confirmation in the tested plant.
Our studies show that types of containers in which
the selected plants grow are important for the
growth and development of plants in the nursery.
The results that we can conclude are that in case of
chlorophyll concentration index (CCI) there are no
statistically significant difference between control

II: The average value of fluorescence with CI 95% and significant difference to “control”

Time of

Result of treatment Significance results

Factor levels measure-ment Mean CI{95%) contrast (P-value) after Kruskal Wallis
1 0.72 0.70-0.75 - -
Control (open soil) 2 0.71 0.69-0.73 - -
3 0.73 0.71-0.75 — —
. 1 0.76 0.74-0.78 0.04 FALSE
Air-pot 2 0.77 0.75-0.79 <0.001 TRUE
3 0.77 0.75-0.80 0.008 FALSE
1 0.70 0.68-0.73 0.17 FALSE
Square containers 2 0.73 0.71-0.75 0.13 FALSE
3 0.75 0.73-0.77 0.19 FALSE
. . 1 0.66 0.64-0.69 <0.001 TRUE
ﬁgfﬁ‘g? 50 Series 2 0.71 0.69-0.73 0.81 FALSE
3 0.71 0.69-0.73 0.17 FALSE
1 0.73 0.71-0.76 0.56 FALSE
Air—bag pot 2 0.68 0.66-0.70 0.06 FALSE
3 0.75 0.73-0.77 0.19 FALSE
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IIL: The average value of plants with CI 95% and significant difference to “control”

Factorlevels | ANCO' . Mean L3 o b vatue) after Kraskel wallis
1 0.51 0.48-0.54 - -
Control (open soil) 2 0.71 0.66-0.77 - -
3 0.97 0.89-1.05 - -
. . 1 0.52 0.49-0.55 0.64 FALSE
Zﬁﬁt-:izter: 2 1.10 1.02-1.13 <0.001 TRUE
3 1.43 1.35-1.51 <0.001 TRUE
1 0.51 0.48-0.54 0.92 FALSE
Square containers 2 0.82 0.77-0.88 0.007 TRUE
3 1.35 1.26-1.43 <0.001 TRUE
. . 1 0.51 0.48-0.54 0.83 FALSE
f;é’ltfﬁ/}’g’és 50 Series 2 0.81 0.75-0.86 0.02 TRUE
3 1.65 1.57-1.73 <0.001 TRUE
1 0.52 0.49-0.55 0.76 FALSE
Air-bag pot 2 0.88 0.82-0.93 <0.001 TRUE
3 1.55 1.47-1.63 <0.001 TRUE

The average value of plants with C195 %
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3: Mean values of the changes in plant height on three dates of
measurement

and variants but there are statistically significant
differences in case of two measurements (Tab. I).
Statistically significant difference was found also
between fluorescence and time of measurement.
In the Small-leaved lime, container type did
not affect chlorophyll content or chlorophyll
fluorescence (Fv/Fm), whereas plants grown in
Containers 50 Series MCI/MCC showed a lower

chlorophyll content compared to plants grown in
“Air-Pot ™ containers (Tab. II). As reported in the
literature, Fv/Fm ratio is a reliable indicator of the
occurrence of environmental stresses, including
water stress, on air-pot bag for several woody and
herbaceous species (Angelopulos et al., 1996; Lazar,
2006; Percival et al., 2006; Maxwell and Johnson
2000; Sloup and Salas, 2010). In terms of individual
observations there were no statistically significant
differences in the total height of plants between
variants and cultivation technologies.

CONCLUSION

The most important result of the present work
is the increased understanding of the effect the
influence of nursery containers for plant growth and
development, and to obtain a high-quality nursery
material. Tt is well known that in containerized
seedlings root deformation is an effect of a poor
container design (Hueltén and Jansson, 1978).
Morphological and physiological data of this study
have shown good results the plants that were planted
in the “Air-Pot ™ containers. The result obtained in
this study can be a useful tool to improve the quality
of the root system in containerized plant production
since tree survival and growth after out planting are
directly related to its root morphology. As written
above, at the end of the growing season, the study
will be made analysis defect root system of plants,
which were planted in different types of nursery
containers.

SUMMARY

To improve the quality of the plant material in the nursery one should always look for new solutions
for optimal growth and development of plants. The root system is one of the most sensitive organs
of the plant and it determines the quality of the planting material. Studies of the effect of nursery
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containers on the physiological and morphological parameters of the plant will contribute to
improvement in the quality of nursery plants. Thus, the objective of this experiment was to evaluate
the effect of four different containers (and open ground as control version) on plant growth and root
architecture of Tilia cordata Mill. To provide further insight into the effect of container shape on plant
stress, chlorophyll content and chlorophyll fluorescence were also studied. The experiment was
established atamultipurpose scientific experimental workplace on plots of the Faculty of Horticulture
in Lednice in April 2012. To monitor the effect of different types of containers (,,Air-Pot™ container -
Bohemiaseed, s.r.o., Squared containers “Vet” — SINCO Ltd., Containers 50 Series MCI/MCC - round
plastic nursery containers, “Air pot” garden bags — Arbo® Standard, Poland) on the physiological and
morphological parameters of plants four types of nursery containers were used with open ground as
the control variant. The container type did not affect chlorophyll content or chlorophyll fluorescence
(Fv/Fm), whereas plants grown in Containers 50 Series MCI/MCC showed lower chlorophyll content
compared to plants grown in “Air-Pot ™ containers. As reported in the literature, Fv/Fm ratio is
areliable indicator of the occurrence of environmental stresses, including water stress, on air-pot bag
for several woody and herbaceous species. The second stage of the study of the influence of different
types of nursery containers on growth of plants and morphology of root system will be carried out at
the end of the growing season (September 2012).
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