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Abstract: White poplar nursery production is mainly based on vegetative propagation
hardwood cuttings. In this study the reaction of three clones of white poplar (Populus alba L.) on
term of cuttings’ preparation and planting according to parameters of survival and growth of
rooted cuttings in three nurseries in Northern part of Serbia. There were two terms of cuttings’
preparation and planting examined: a) mid-March and d) the beginning of April (standard term).
Obtained results suggest considerable differences between nurseries and between examined
terms. Differences between clones were not significant, but there were found significant effects
of interactions of factor Clone with other two main sources of variation. The best results were
obtained by cuttings that were prepared and planted in mid-March, due to faster growth and
survival of rooted cuttings. The positive effect of the earlier term is evident particularly in clones
L-12 and L-80 and enable feasible production of rooted cuttings of these clones, especially in
nurseries that obtained better conditions. Results obtained in this study suggest that influence of
terms of cuttings’ production and planting is important issue concerning introduction of clones
with relatively poor rooting capacity, optimization of nursery technology of experimental white
poplar clones, and improvement of white poplar nursery production in general.
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1. Introduction

White poplar (Populus alba L.) is fast-growing, adoptable tree species, usually mixed with
European black poplar and broadly used in afforestation of riparian zones (Roncevic et al. 2012).
More abundant in the past (Redei et al. 2010), it is now threatened species, used as a marker of
biodiversity (Kovacevi¢ et al. 2010). Nowadays, white poplar also receives more attention in
terms of wood physical and mechanical properties (IStok et al. 2019; Sedlar et al. 2019). However,
the main obstacle in the improvement of white poplar wood production is generally poor
hardwood cuttings’ rooting. Lack of feasible means of vegetative propagation of suppresses use
of genotypes that are superior by other important characteristics such as: growth, tree shape and
tolerance to abiotic and biotic factors. That is why successful rooting of hardwood cuttings is one
of the main goals in white poplar breeding (Guzina, 1986).

Copyright © 2020 Institute of Lowland Forestry and Environment. 33
This is an Open Access paper distributed under the terms of the Creative
Commons Attribution 4.0 International (CC-BY 4.0) License.



Topola/Poplar 2020, 205, 33-46 www ilfe.org

There is constant need to improve poplar nursery technology in general and to adjust it to
the specificities of interesting genotypes, which is especially challenging in case of white poplar
(Kovacevi¢ et al. 2002; Kovacevic et al. 2008a; Kovacevi¢ et al. 2014; Kovacevi¢ and Igi¢, 2018;
Noni¢ et al. 2019; Igi¢ et al. 2020). The main effort is directed to activation of pre-formed
primordia which is crucial step in early phases of the formation of root system and further
cuttings’ survival (Smith and Wareing, 1972; Kovacevic et al. 2009; Zhao et al. 2014). In spite well-
known importance of auxins in control of cuttings’ rooting (Pacurar et al. 2014), results of
Kovacevi¢ et al. (2014) and Igic¢ et al. (2020) suggest that effects of rooting stimulation with
indolbutiric acid is considerably dependent on clones and soil properties.

Beside hormonal stimulation, numerous factors influence rooting of poplar hardwood
cuttings and could be varied in order to optimize this process (Fege, 1983; Kovacevic et al. 2008a).
On their work on Eucaliptus and Populus species, De Almeida et al. (2017) suggested control of
irradiance, temperature, water availability, mineral nutrition and beneficial root-associated
microorganisms. According to Eggens et al. (1972), there is difference in physiological status
throughout the dormant period in white poplar shoots and cuttings prepared from them,
suggesting differences in the rooting ability of cuttings produced in different terms of dorman
period. Andrasev et al. (2006) and Kovacevi¢ et al. (2006) found significant effect of date of
preparation and date of planting of black poplar cuttings on their survival and rooting. Also,
beside significant effect of slope orientation Kovacevic¢ and Igi¢ (2018) found that term of cuttings
preparation achieved significant influence on survival and growth of white poplar rooted
cuttings planted at the beginning of April.

In this research, we studied the influence of cuttings’ preparation and planting term of
three white poplar clones in three nurseries. The aim is to evaluate and relate the importance of
these factors on white poplar cutting survival and further growth of rooted cuttings in examined
clones.

2. Material and methods

There were two types of nursery trials: one for examination of survival and growth of
rooted cuttings, and the other for examination of early formation of shoot and root system. The
nursery trials studying survival and growth of rooted cuttings were established in three sites:
two in nurseries of Public Enterprise “Vojvodinasume”: “Hrastovaca”, near Subotica
(46°09'12”N 19°40'06”E) and “Ratno ostrvo”, near Novi Sad (45°17°05”N 19°54’38"E) and one
in Experimental forest estate “Kacka Suma”, near Novi Sad (45°17’39”N 19°53'16"’E) managed
by Institute of lowland forestry and environment, University of Novi Sad. Trial in nursery
“Hrastovaca” was established on sandy arenosol, in nursery “Ratno ostrvo” on loamy fluvisol
and in “Kacka Suma” on loamy humofluvisol. Four genotypes were examined: Italian clone
Populus alba cl. Villafranca, and two experimental Serbian selections: P. alba cl. L-12 and P. alba
cl. L-80.

All trials were designed to examine the effect of term of cuttings’ preparation and planting
were established in all three nurseries. There were two terms of cuttings’ preparation and
planting examined: a) mid-March and b) the beginning of April. The trials for studying survival
and growth of rooted cuttings were designed as completely randomized, with six repetitions in
trial in “Hrastovaca”, twelve repetitions in trial in “Ratno ostrvo” and three repetitions in trial
in “Kacka Suma”. There were fifty planted cuttings per plot. The trials were mechanically
weeded and irrigated when it was necessary throughout the growing season. Height and
survival of rooted cuttings were measured in the mid-October 2019. Also, the following
parameters were derived at the level of plot: the mean height of the rooted cutting (SH), the
percentage of survived cuttings (SURV), c) the percentage of cuttings that gave plants higher
than 180 cm (SURV180) and gave plants higher than 250 cm (SURV250). These data were the
basis for further statistical analysis.
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In the nursery “Kacka suma” the trial for research on early growth and development of
shoot and root system was established in order to study the difference in reaction of examined
white poplar clones by their rooting characters. The same terms of cuttings’ production and
planting as well as same three white poplar clones were studied. Forty cuttings per clone were
planted per plot. At mid-June the vital rooted cuttings were dug up and following characters
were measured: LN — number of leaves; SH — shoot height; RO — number of roots on basal cut;
RO5 — number of roots from basal cut to 5t cm from base of cutting, R5 — number of roots below
5th cm from the base of cutting; R510 —number of roots from 5t to 10th cm from the base of cutting;
R1020 — number of roots from 10% cm to the top of cutting. From these measured characters
following traits were calculated: TRN - total number of roots; ROp — partition of number of roots
on basal cut in total number of roots; RO5p — partition of number of roots from basal cut to 5t cm
from base of cutting in total number of roots, R5p — partition of number of roots below 5t cm
from the base of cutting in total number of roots; R510p — partition of number of roots from 5t
to 10% cm from the base of cutting in total number of roots; R1020p — partition of number of roots
from 10t cm to the top of cutting in total number of roots.

Factorial two and three-way analysis of variance were used for most of examined trait,
Repeated measures analysis of variance for partition of cuttings with vital shoot, while the
significance of differences between means of treatments was tested by Tukey's HSD (honestly
significant difference) test. All parameters expressed in percentages were transformed by arcsin-
transformation (arcsin vx) in order to meet normal distribution of frequencies and assumptions
for used methods of parametric statistics. For the same reason, number of leaves and all
parameters describing number of roots of certain part of cutting were transformed by square
transformation (Vx + 1). All statistical procedures were performed by statistical package
STATISTICA (TIBCO Software Inc., 2017).

3. Results and discussion
3.1 Dynamics of the rate of cuttings with vital shoot

According to the measurements of partition of cuttings with vital shoot, cuttings from both
planting term treatments achieved the maximum in 8t May. At 11t April, four weeks after the
planting, treatment planted in March reached percentage of cuttings with vital shoots at the level
of maximum for cuttings planted in April. In next four weeks it achieved its maximum, which
appeared to be twice as maximum of treatment planted in April. After 8t» May, for both planting
term treatments, the percentage of cuttings with vital shoots decreased until 11t June. This drop
counted over 20% after both terms of cuttings’ preparation and planting. According to Kovacevi¢
et al. (2009), this decrease of the percentage of cuttings with vital is result of lack of balance in
growth and development of shoot and root system that occurs at the beginning of cuttings’
rooting. According to Tukey’s test based on Repeated measures analysis of variance, as well as
considering importance for nursery production, from 11% June on this parameter is not
significantly higher than in October (Figure 1). Similar results were obtained by Kovacevic et al.
(2009), who recorded that the period from cuttings planting (beginning of April) until the second
decade of June were crucial for the survival of black poplar rooted cuttings.

3.2. Effect of terms on survival and growth of white poplar rooted cuttings

Parameters describing survival and growth of rooted cuttings of examined clones were
measured in trials in all three nurseries. According to the F-test, factors Nursery and Term of
cuttings preparation and planting, as well as interactions Nursery x Term and Nursery x Clone
achieved significant effects on variation of all studied parameters. Factor Clone achieved
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significant effect on partition of rooted cuttings higher than 180 cm as well as on partition of
rooted cuttings higher than 250 cm. The only significant effect of interaction Term x Clone was
found in shoot height, and the only significant effect of interaction Nursery x Term x Clone was
found in cuttings’ survival (Table 1).
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Figure 1. Partition of cuttings with vital shoot regarding term of cuttings” preparation and
planting *

The effect of examined sources of variation is also described by contributions to the total
expected variance. The highest contribution achieved differences between nurseries in all
examined traits, except for cuttings’ survival where interaction Nursery x Term dominated
(Figure 2).

Table 1. F-test from three-way analyses of variance for growth and survival characters in
examined white poplar clones.

Sources of Shoot Cuttings’ Par.tition .of rooted Partition .of rooted
variation height survival cuttings higher than . cuttings
180 cm higher than 250 cm

Nursery (A) 467.488 ** 32.435 ** 496.724 ** 147.168 **
Term (B) 7.794 ** 26.513 ** 37.494 ** 51.850 **
Clone (C) 2.198 2.129 4461 * 5.488 **
Interaction AxB 7.723 ** 24.001 ** 22.568 ** 13.972 **
Interaction AxC 3.543 ** 6.311 ** 8.520 ** 9.264 **
Interaction BxC 4213 * 2.618 2.864 1.066
Interaction AxBxC 0.230 6.450 ** 0.978 0.389

Labels for F-test: * - significant at the level a=0.05; ** - significant at the level a=0.01
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Factor Term of preparation and planting of cuttings achieved considerable effect on
variation of cuttings’ survival and partition of rooted cuttings higher than 250 cm (more than
10%). However, the effect of factor Clone was poor. The influence of clones only manifested
through considerable contribution of interaction Nursery x Clone in cuttings’ survival and
partition of rooted cuttings higher than 250 cm, as well as through interaction Nursery x Term x
Clone. Significant differences between nurseries in cutting’s survival of white poplar were also
found by Kovacevic et al. (2014). Significant effect of factor nursery as well as of its first-order
interactions suggest considerable importance of proper selection of site for nursery
establishment, as well as of adequate nursery technology for successful nursery production of

white poplar rooted cuttings.

Height Survival % of plants higher % of plants higher
than 180 cm than 250 cm

100%
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Labels for Legend (Sources of variation): A — Nursery, B — Term of cuttings’ preparation and
planting, C-Clone, AxB - interaction Nursery x Term, AxC - interaction Nursery x Clone, BxC -
interaction Term x Clone, AxBxC - interaction Nursery x Term x Clone

Figure 2. Contribution of expected variances of examined sources of variation to the total
expected variance for growth and survival characters in examined white poplar clones.

The strong effect of factor Nursery was expected since the soil texture varied from sandy
in nursery “Hrastovaca” (Kovacevi¢ et al. 2014), to loamy sand in nurseries “Kacka Suma”
(Kovacevi¢ et al, 2010) and “Ratno ostrvo” (Kovacevi¢ and Igi¢, 2018). According to the results
of Tukey’s HSD test (Table 2), the highest rooted cuttings were produced in nurseries “Ratno
ostrvo” and “Kacka Suma”, and the smallest (more than 2 times smaller than the previous two
nurseries) in “Hrastovaca”. These results suggest difficulties in nursery “Hrastovaca” to produce
rooted cuttings higher than 180 cm in one year, and rooted cuttings shorter than 180 cm are not
considered to be appropriate for planting. So, these plants need one more growing season to
exceed this height limit.

The differences between nurseries were relatively smaller in cuttings survival, yet
considerable. The greatest cuttings’ survival was recorded in nursery “Ratno ostrvo” and the
smallest in “Kacka suma”. The poor survival gained in “Kacka Suma” is primarily consequence
of rather poor survival after later planting term (the beginning of April). Considering the
importance of initial soil temperatures for poplar cuttings’ rooting (Zalesny et al. 2004; Zalesny
et al. 2005), relatively good cuttings’ survival in “Hrastovaca” could be related to expected
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quicker heating of sandy soil combined with higher than average monthly temperatures at the
beginning of growing season (Republic Hydrometeorological Service of Serbia, 2020). However,
due to slow growth of rooted cuttings, the participation of rooted cuttings higher than 180 cm as
well as of those higher than 250 cm were the smallest in “Hrastovaca”. On the other side, more
than 50% of planted cuttings in nursery “Ratno ostrvo” gave plants higher than 180 cm (that
satisfy standards for the afforestation), with more than 20% of planted cuttings that gave the first
class plants (higher than 250 cm), which could be considered as very good result in production
of one-year old white poplar rooted cuttings.

According to Tukey’s tests for examined parameters, survival and growth of rooted
cuttings after earlier term of cuttings’ preparation and planting were significantly better. The
highest effect was found in rate of cuttings’ survival and participation of plants higher than 250
cm which was three times higher after late than after early term. According to report of
measurements in the vicinity of nurseries for March and April of 2019, the mean monthly
precipitations were below and temperatures were above their climate normals, especially in
March, while in May precipitations were above and temperatures below average (Republic
Hydrometeorological Service of Serbia, 2020). According to the same report the year 2019. was
the extremely hot in almost all meteorological stations in Serbia. The drought in March and April
was not favorable for cuttings’ survival but high temperatures and use of irrigation system
probably contributed to relatively good overall cuttings’ survival. Significant positive effect
gained after early cuttings’ preparation and planting, suggest that the term of middle March is
not only at the level, but even more feasible than usually used term of the beginning of April.
However, the effect was not significant in all nurseries, which support highly significant results
of F-tests for the effect of interaction Nursery x Term in all examined parameters. There were not
found significant differences between two terms in nursery “Hrastovaca” for any of examined
survival and growth parameters. However, in other two nurseries all parameters except height
in nursery “Kacka Suma” were significantly different between two examined terms. In nursery
“Ratno ostrvo” almost 60% of cuttings gave plants that satisfy demands for afforestation (higher
than 180 cm), and more than 30% gave the first-class plants (higher than 250 cm) after early term
of cuttings’ preparation and planting. This suggest that it is possible in this nursery to achieve
relatively feasible production of one-year old rooted cuttings of examined clones that are
appropriate for plantation establishment.

Although significant effect of factor Clone calculated by F-test, according to Tukey’s HSD
test differences between examined clones were not significant. Also, although the interaction
Nursery x Clone was significant for all examined traits, there were no differences between clones
within nurseries by examined traits except for significantly higher cuttings’ survival and
partition of rooted cuttings higher than 180 cm and 250 cm in Villafranca comparing to other two
clones in nursery “Kacka suma” (Table 2).

The only trait with significant effect of interaction Term x Clone was plants” height, mostly
because only plants of clone L-80 grown from cuttings planted in mid-March were significantly
higher than from those planted at the beginning of April. Such differences were not found in
Villafranca and L-12. In case of other traits, all examined clones reacted positively on earlier term
which favors this term of cuttings” preparation and planting.

Significant effect of interaction Nursery x Term x Clone found for cuttings’ survival, was
confirmed with Tukey’s HSD test. There were significantly higher cuttings’ survival in clone
Villafranca than in clone L-80 after mid-March term of cuttings’ preparation and planting in
nursery “Kacka Suma” and after later examined term in nursery “Ratno ostrvo”. There were also
found significant differences between terms in some clones. Clones L-12 and Villafranca had
significantly higher cuttings’ survival after early than after late term of cuttings’ preparation and
planting in nursery “Kacka Suma”, but clone L-12 achieved opposite result in nursery
“Hrastovaca”.
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Table 2. Tukey's HSD test for examined growth and survival parameters of studied white poplar

clones
Partition of  Partition of
ted ted
Shoot Cuttings’ roore roote
Nursery Term Clone . . cuttings cuttings
height survival . .
(cm) %) higher higher
than 180 cm than 250 cm
(%) (%)
Hrastovaca 99.46 b 49.13 b 0.25 ¢ 0.00 ©
Kacka Suma 22415 a 35.26 ¢ 28.46 b 12.50 b
Ratno ostrvo 226.55 61.24 a 52.19 a 21.07 a
Mid
196.69 2 8.54 a 32.82 a 16.43 a
March 6 58:5 6
Barly 18310  49.60° 2313 ° 5.24
April
L-12 191.00 54.72 a 28.67 2 10.84 a
Villafranca 190.11 a 53.24 a 27.75 a 10.29 a
L-80 188.59 a 54.29 a 2713 2 9.33 a
. Mid
Hrastovaca 94.63 ¢ 4403 0.03 0.00 d
March
Barly 104.29 < 54.23 be 0.66 ¢ 0.00 ¢
April
a Mid
Kacdka $suma 235.89 ab 56.07 abe 47.20 ab 27.56 a
March
Parly 212400 17.034 1295 « 287
April
Mid
Ratno ostrvo 237.92 a 66.19 a 58.35 a 31.16 2
March
Barly 21519 b 56.16 b 45.99 b 1252 b
April
Hrastovaca L-12 95.90 b 49,93 ab 0.13 ¢ 0.00 d
Villafranca 106.45 b 47.18 b 0.72 ¢ 0.00 d
L-80 96.04 P 50.27 ab 0.08 © 0.00 ¢
Kacka Suma L-12 22449 a 26.65 ¢© 21.76 b 7.32 be
Villafranca 241.15 a 54.23 ab 4593 a 32.87 a
L-80 206.80 a 26.19 ¢ 19.58 b 3.94 o
Ratno ostrvo L-12 230.17 = 64.19 a 56.40 24.58 a
Villafranca 219.18 a 56.01 ab 45.70 2 16.54 ab
L-80 230.31 a 63.42 a 54.45 a 2242 a
Mid L-12 189.47 abe 58.56 a 34.54 ab 15.03 a
March Villafranca 198.09 ab 62.04 a 35.72 a 17.54 a
L-80 202.51 a 54,98 ab 28.33 abe 16.76
Early L-12 192.52 abc 50.86 ab 23.13 ¢ 7.27 b
April Villafranca 182.13 be 4434 b 20.43 ¢ 4.80 P
L-80 174.66 © 53.60 ab 25.95 be 391¢°

Labels for Tukey’s HSD test: difference between values with the same letter is not significant at
the level a=0.05
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Table 2. Continue.

Partition of  Partition of
Shoot Cuttings’ roo.t ed roo.t ed
Nursery Term Clone height survival cu't tings cu.t tings
(cm) %) higher higher
than 180 cm than 250 cm
(%) (%)
Hrastovaca Mid L-12 85.04 ¢ 32.61 o 0.00 f 0.00 &
March Villafranca | 103.10 d 47 .48 bede 0.29 ef 0.00 8
L-80 95.76 d 52.32 abede 0.00 f 0.00 &
Early L-12 106.75 4 67.26 abcd 0.51 f 0.00 &
April Villafranca | 109.80 ¢ 46.88 bede 1.34 o 0.00 8
L-80 96.33 d 48.2] bede 0.33 «f 0.00 &
Kacka suma Mid L-12 225.09 abe 51.67 abede 42.47 abe 16.60 bede
March Villafranca | 258.21 ab 76.99 68.78 2 55.34 2
L-80 224.37 abe 38.19 cdef 30.44 bed 15.13 bede
Early L-12 223.89 abe 779 f 6.64 def 1.63 fs
April Villafranca 224.09 abe 30.49 f 23.94 « 13.91 bedef
L-80 189.24 © 15.76 f 10.64 de 0.00 fs
Ratno ostrvo Mid L-12 232.78 abe 72.67 @ 63.48 2 31.12 ab
March Villafranca | 230.55 abe 65.17 abed 56.41 2 27.01 abe
L-80 250.42 2 60.46 abed 55.07 ab 35.50 ab
Early L-12 227.56 abe 55.24 abede 49.18 abe 18.58 bed
April Villafranca | 207.81 ¢ 46.65 de 35.18 ¢ 8.24 def
L-80 210.19 be 66.33 abe 53.83 ab 11.64 cde

Labels for Tukey’s HSD test: difference between values with the same letter is not significant at
the level a=0.05

Although not confirmed by F-test interaction Nursery x Term x Clone, according to
Tukey’s HSD test, Villafranca achieved significantly higher partition of plants higher than 180
cm and of those higher than 250 cm after early than after late examined term of cuttings’
preparation and planting.

Thus, considering obtained results on survival and growth of rooted cuttings nursery
characteristics are of considerable importance for successful nursery production of examined
white poplar clones. Influence of term of cuttings” preparation and planting was not as critical,
but early term (mid-March) appeared to be at least as feasible as the late term (beginning of
April), and in some cases even better, which should be tested in further studies.

3.3. Effects of terms of cuttings’ preparation and planting on rooting parameters

According to the results of two-way analysis of variance, there were differences in
influence of controlled source of variance on variation of rooting parameters examined in mid-
June in trial established in nursery “Kacka Suma” (Table 3). Most of parameters were
significantly influenced by at least one of examined sources of variance, except for R05p. The
greatest F-values (more than 10) for factor Clone were found for TRN, R0 and R05. According to
Tukey’s HDS test, clone L-80 had the highest number of roots in total and in basal part of cutting
and clone Villafranca the lowest. However, the clone Villafranca achieved the highest cuttings’
survival, suggesting that the influence of other traits on survival of white poplar cuttings should
be examined as well. For example, clone Villafranca achieved the greatest partition of number of
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roots on upper part of cutting (R1020p), and the lowest partition of roots from basal cut to 5t cm
of cutting (R05p) suggesting the importance of the activation of rooting primordia in upper part
of cutting.

The greatest F-values (around and more than 10) for factor Term were found for characters
SH, RO, ROp and TRN, and all these characters had significantly higher values after cuttings’
preparation and planting in mid-March than at the beginning of April. So, the general response
on early comparing to late term is in course of overall increment of vigor and vitality of rooted
cuttings as well as increment of rooting at the basal part of cutting, but not towards uniform
rooting along the cutting, as it was found for examined clones.

Table 3. F-test from two-way analysis of variance and Tukey's HSD test for examined parameters
of root formation in studied white poplar clones.

LN SH RO RO5 R5 |R510 |R1020
F-test
Clone (A) 6.67 ** | 2.62 10.00 ** | 11.20 % | 944 * | 544 * | 132
Term (B) 859 * | 12.63 * |13.77 * | 043 877 * | 0.02 332
Interaction AxB 0.26 813 * | 1127 * [ 1099 * |[13.92* | 2.09 438 *
Tukey’s HSD-test
Villafranca 18615 |3381a | 640b | 1450 7870 | 1.82b | 214
L-12 1839 | 32042 | 468b | 211 | 716b | 173> | 1.81a
L-80 23092 (35822 | 9969 | 2942 |13.03¢ | 2902 | 184
Mid
! 2144+ | 37542 | 8572 | 211+ |10862 | 2172 | 2142
March
Farly | 060 28790 | 5010 | 2114 7220 | 2124 | 167a
April
. Mid
Villafranca 2121 44882 12494 | 211b |14662 | 227 | 3.01a
March
Barly o3 |o440c | 265¢ | 094c | 361c | 1475 | 148°
April
Mid
L-12 19.09 a | 3438 abe | 572bc | 208%b 808bc | 1.71b | 1.98a
March
Barly | 1 403b 19750 | 066¢ | 224 | 3155 | 183 | 100
April
Mid
L-80 2441 | 3447 | 879 | 213b | 1098 | 263 | 1.60
March
Barly | a5 3760 |1165® | 4190 |1609¢ | 328 | 219
April

Labels of traits: LN — number of leaves; SH — shoot height; RO — number of roots on basal cut;
RO5 — number of roots from basal cut to 5t cm from base of cutting, R5 — number of roots below
5th cm from the base of cutting; R510 —number of roots from 5t to 10th cm from the base of cutting;
R1020 — number of roots from 10t cm to the top of cutting

Labels for F-test: * - significant at the level a=0.05; ** - significant at the level a=0.01

Labels for Tukey’s HSD test: difference between values with the same letter is not significant at
the level a=0.05
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Table 3. Continue.

TRN ROp RO5p R5p R510p R1020p
F-test
Clone (A) 12.03 * | 5.03 747 * | 144 0.21 437 *
Term (B) 954 % | 12.16 ** 728 * | 098 1.33 0,02
Interaction AxB 1533 * | 4.03* 365% | 350* 1.31 1.59
Tukey’s HSD-test
Villafranca 12175 | 42.49 976b | 56642 | 17.162 20.85
L-12 10945 | 33172 | 20732 | 64664 | 17.29a 12.82 o
L-80 18.64 2 | 4943 1500 % | 69.99 2 | 15282 9.07 b
Mid 15.66 @ | 49.49 a 13022 | 68072 | 14.71a 1254 a
March
Early 11485 | 32,050 16032 | 5638 | 19.42 % 17.01 a
April
Villafranca \Mid 20072 | 61.99 2 1066 | 73232 | 11272 15.10 2
March
Villaf Earl
Hatranca -\ Barly 691 ¢ | 2671 be 9020 | 41.83> | 2291 2625 2
April
L-12 Mid 1200 b | 39.83ac | 1636 | 6419 | 16.63 1411 =
March
L-12 Earl
ary 612< | 616¢ | 4834+ | 6712 | 20.89a 6.96 b
April
L-80 Mid 1625 | 4896 | 11.74b | 6758 | 1590 8.92 b
March
L-80 Early 22132 | 5006 | 1992 @ | 7319 | 14.45a 9.26 ab
April

Labels of traits: TRN - total number of roots; ROp — partition of number of roots on basal cut in
total number of roots; RO5p — partition of number of roots from basal cut to 5t cm from base of
cutting in total number of roots, R5p — partition of number of roots below 5t cm from the base
of cutting in total number of roots; R510p — partition of number of roots from 5t to 10* cm from
the base of cutting in total number of roots; R1020p — partition of number of roots from 10t cm
to the top of cutting in total number of roots

Labels for F-test: * - significant at the level a=0.05; ** - significant at the level a=0.01

Labels for Tukey’s HSD test: difference between values with the same letter is not significant at
the level a=0.05

The effect of interaction Clone x Term was also significant in most of examined rooting
parameters, suggesting differences between clones in their reaction on examined terms. The
greatest F-values were found for RO, R05, R5, TRN and SH (around 10 and higher). For most of
these parameters the difference between two examined terms were significant only in Villafranca
(values were significantly higher after mid-March preparation and planting), except for R05 in
L-80 (significantly lower value after mid-March preparation and planting). Villafranca also
achieved significantly higher number of roots on upper portion of cutting (R1020) after mid-
March cuttings” preparation and planting and higher partition of number of roots on basal cut
and on part of cutting below its 5t cm from the basal cut in total number of roots (ROp and R5p).
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Table 4. Pearson’s correlation coefficients” between parameters in examined white poplar clones.

SHs S00 S180 S250 LN SH RO R05 R5 R510 R1020 TRN ROp RO5p R5p R510p R1020p

SHs 1.00 0.77 0.81 0.87 -0.01 0.25 005 -063 -0.09 -0.49 037  -0.10 0.19 -0.20 0.00 -0.23 0.26
S00 0.77 1.00 1.00 0.93 0.42 0.73 053 -0.31 039 -0.13 0.78 0.38 0.70 -0.64 0.16 -0.62 0.30
S180 0.81 1.00 1.00 0.95 0.38 0.72 051 -0.31 038 -0.15 0.78 0.37 0.67  -0.59 018  -0.63 0.28
$250 0.87 0.93 0.95 1.00 0.30 0.66 050 -0.32 036 -0.13 0.77 0.35 061 -0.50 0.18 -0.59 0.29
LN -0.01 0.42 0.38 0.30 1.00 0.77 0.83 0.37 0.79 0.71 0.53 0.81 085 -0.59 050 -074 -0.29
SH 0.25 0.73 0.72 0.66 0.77 1.00 0.95 0.38 0.91 0.55 0.94 0.90 097 -0.61 058 095 -0.09
RO 0.05 0.53 0.51 0.50 0.83 0.95 1.00 0.55 0.98 0.76 0.86 0.98 095 -0.55 063 -093 -0.20
RO5 -0.63 -031 031 -032 0.37 0.38 0.55 1.00 0.69 0.87 0.27 0.69 0.32 0.22 073 052 -0.67
R5 -0.09 0.39 0.38 0.36 0.79 0.91 0.98 0.69 1.00 0.84 0.81 1.00 0.89 -042 070 -092 -0.32
R510 -049 -013 -015 -0.13 0.71 0.55 0.76 0.87 0.84 1.00 0.37 0.85 0.57 -0.10 069 -0.64 -0.58
R1020 0.37 0.78 0.78 0.77 0.53 0.94 0.86 0.27 0.81 0.37 1.00 0.79 0.88 -0.57 046  -0.87 0.10
TRN -0.10 0.38 0.37 0.35 0.81 0.90 0.98 0.69 1.00 0.85 0.79 1.00 0.89 -043 069 -091 -0.32
ROp 0.19 0.70 0.67 0.61 0.85 0.97 0.95 0.32 0.89 0.57 0.88 0.89 1.00 -0.75 045 -0.88 0.00
RO5p -020 -064 -059 -050 -059 -061 -0.55 022 -042 -010 -057 -043 -0.75 1.00 0.25 035 -0.59
R5p 0.00 0.16 0.18 0.18 0.50 0.58 0.63 0.73 0.70 0.69 0.46 0.69 0.45 0.25 1.00 -0.80 -0.84

R510p -023 -062 -063 -059 -074 -095 -093 -052 -092 -064 -087 -091 -0.88 035 -0.80 1.00 0.38
R1020p 0.26 0.30 0.28 029 -029 -009 -020 -0.67 -032 -0.58 010 -0.32 000 -059 -0.84 0.38 1.00

Labels of parameters are given in Material and Methods section.
*) Underlined values designate correlation coefficients that are statistically significant at the level a=0.05
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Thus, according to rooting characteristics, the strongest and only significant positive
reaction on earlier term of cuttings preparation and planting achieved Villafranca by better shoot
growth and rooting, especially in basal portion of cutting. That is not in correspondence with
cuttings’ survival in trial in “Kacka suma“, by which both Villafranca and L-12 clones achieved
significantly better cuttings survival after earlier term of cuttings’ preparation and planting,
suggesting that this matter should be further studied.

According to Kovacevi¢ et al. (2008), the rooting at the middle part of cutting as well as of
the shoot height at the beginning of June was closely related to survival of rooted cuttings in
black poplar clones. In our study, there was not found a significant correlation between any of
examined growth or survival parameters and any of examined rooting characters (Table 4). Shoot
height was in high but statistically not significant correlation with cuttings’” survival, suggesting
need for further work on this subject in white poplar. Close positive relationship between shoot
height and cuttings’ survival is supported by the results of Kovacevic et al. (2008). In our work,
shoot height was in significant positive correlation with numerous other rooting characters such
as: RO, R5, R1020, TRN, R05p and in negative correlation with R510p. The negative correlation
between shoot height and partition of roots on middle part of cutting (R510p) does not
correspond to the results of Kovacevic et al. (2008), who found this correlation to be positive in
black poplar clones. The relationship between shoot height and parameters that describe root
system could be used in further efforts of breeding improvement and optimization of white
poplar nursery technology and deserves further research.

5. Final remarks

This work emphasizes the importance of early term (mid-March) of cuttings’ preparation
and planting, suggesting that this term provides not only possibility to extend period of the
establishment of white poplar nursery production but better results. Relatively good survival
and growth of rooted cuttings planted at early term that are at the level or even better than of
those planted in traditionally used term at the beginning of April could be related to the fact that,
according to the report of Republic Hydrometeorological Service of Serbia (2020), last ten years
(2010-2019) are characterized by higher temperatures and lower precipitation than the normals
(1981-2010). Zalesny et al. (2004) suggest that planting of Populus cuttings should not be
performed by calendar days but by actual and predicted soil temperatures, which is in
concordance with expected climate changes. So, regarding the importance of soil temperature in
poplar cuttings’ rooting (Zalesny et al. 2004; Zalesny et al. 2005) it could be expected that the
optimal terms for white poplar cuttings’ preparation and planting appear to be earlier that it
used to be ten years ago.

Regarding warmer winters, the earlier end of dormancy could also be expected. Eggens et
al. (1972) suggest that dormancy of cutting decrease during the winter, while results of Kovacevi¢
(2003), Andrasev et al. (2006) and Kovacevic et al. (2006) stress the importance of at least some
level of dormancy in cuttings of euramerican poplar, assuming that better rooting of more
dormant cuttings could be related to longer period between root initiation and bud burst. In
concordance with them, Kovacevi¢ et al. (2018) suggest preservation of dormant state of white
poplar cuttings by early cuttings preparation and their storage on low temperature if they have
to be planted in later terms. However, according to Kovacevi¢ et al. (2006), even storage of black
poplar cuttings at low temperatures could not be sufficient to ensure feasible results if those
cuttings are planted in too late terms (like in late April).
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