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SUMMARY

The plantation of willow varieties was established in 2009. The 40 different varieties and clones of Salix were planted at a research field
in Kolifiany (Nitra district). The paper evaluates results from the first growing season in 2009. The survival rate of planted cuttings ranged
from 55.56 % to 100.00 % after the first year. The lowest survival rate was reached by Terra Nova variety. The stem numbers per plant
ranged from 1.17 £0.37 to 2.53 H).98. The average height of one-year old stem varied from 65.82 +36.60 cm to 225.58 #68.61 cm. The
average stem diameter ranged from 6.90 2.63 mm to 14.34 £3.39 mm. There were statistically very significant differences in parameters of
stem height stem diameter and stem numbers per plant among studied varieties/clones. The statistic method used was analysis of variance
ANOVA. The varieties were then divided into 6 groups according to their similarity in observed parameters after the first growing season by
cluster analysis. The best results were reached by varieties/clones classified in the second group. The survival rate, stem diameter and stem
height values of these varieties/clones were above average.

INTRODUCTION

The use of biomass is expected to increase in the future and cellulose plants might became dominant in this
process in the second half of the 21st century (Luckow et al., 2010). One possible means of biomass production
is energy plantations of fast-growing trees (short rotation coppice — SRC). In our climatic conditions, mainly
varieties of poplars (Populus sp.) and willows (Salix sp.) are used (Weger et al., 2004), which are also grown on
agricultural land. SRC should be grown on less productive soils to avoid endangering the food security. These
plants can be grown on about 1 million ha of agricultural land according to the division of land resources in
Slovakia, which represents 43% of the arable land area. However, only part of these soils meets plant
requirements (VUPOP, 2010, 2010a). The planting of these trees is also dependant on suitability of varieties for
the environmental conditions. The selection of appropriate varieties and clones well adaptable for the
environmental conditions is necessary to ensure a sufficient choice for producers of fast-growing plants. This is
the task of breeding experiments, where findings of frost resistance, phenological stages, growth, water use
efficiency and drought resistance are the most studied. Laboratory experiments are also focused on the
physiological effects of heavy metals on willows, where significant genetic differences were shown among
varieties in susceptibility to heavy metals (FAO, 2008). The evaluations of willow varieties/clones performances
are carrying out for different environmental conditions in which they are directly tested (Tharakan et al., 2001).
The purpose of these programs is breeding of suitable varieties/clones and also development of methodologies
for intensive farming. The aim of the breeding is also to increase a biomass production, upright growth, increase
of leaf rust and insect resistance and tolerance to low temperatures (Larsson, 1998), as the older varieties of
willow are susceptible to rust and tend to produce only one dominant shoot (Aylott et al., 2008). The aim of this
paper is to evaluate the partial results from the first growing season is 2009 of a three-year testing cycle (2009-
2011) of 40 fast-growing willows varieties and clones by using cluster analysis.

MATERIAL AND METHODS

Research field

The research field is located in the cadastral territory of Koliflany in Nitra district, northeast at a distance of
about 8 km from the town of Nitra (48 ° 21 20 "N, 18 ° 12' 23" V). The very experimental area is located
approximately 500 m west-northwest from a small dam in Koliflany in the alluvium of Bocegaj stream. The
territory of the research field is flat with an altitude of 180 m n. m. The size of the field is approximately 0.5
hectares. The area belongs to warm, very dry, lowland climatic region. The sum of average daily temperatures
above 10 °C is 3000-2800 °C. The number of days with air temperature above 5 °C is 237. The average
temperature in January is -1 up to -3 °C; average temperature of the growing season is 15 up to 17 °C. The
average annual temperature is 9.9 °C. The soil is Gleyic Fluvisol, medium clay. The soil is free of skeleton with
a depth 60 cm and more (Linkes et al., 1996). Based on the soil chemical analysis the pH values range from 7.18
to 7.35 and humus content varies from 1.16 to 2.50%. The long-term average annual rainfall (1951-2000) is
547.6 mm. The number of days with snow cover is 37.9 (Spanik, Siska, 2008). The groundwater level is located
at a depth of 1.0 to 2.0 m, depending on the time of the year and position of measurements.
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Studied varieties

12 varieties and 28 clones were tested in the research trial. 18 individuals were chosen from each
variety/clone. The planting material was supplied by Swedish R&D institution Lantménnen Agroenergi AB and
the Swedish Agricultural University in Uppsala. The Table 1. shows a list of the planting material.

List of planting material after breeding origin and number in plantation fabled
willow varieties willow clones willow clones willow clones willow clones
Sweden - 12 Sweden - 14 Sweden - 9 Sweden - 4 England-1
5. Jorunn 27. SW 990551 18. LA 030054 1.L 78183 17. SW 901290
6. Jorr 28. SW 990559 19. LA 030068 2.L78195
7. Bjorn 29. SW 010230 20. LA 030136 3.L 81084
8. Tora 30. SW 010329 21.LA 030275 4.1L.78021
9. Inger 31. SW 010483 22. LA 980260
10. Klara 32. SW 010485 23. LA 980263
11. Lisa 33. SW 010488 24. LA 980268
12. Stina 34. SW 040027 25. LA 990398
13. Terra Nova 35. SW 040028 26. LA 000231
14. Loden 36. SW 040030
15. Gudrun 37.SW 040110
16. Dimitrios 38. SW 060114

39. SW 060119
40. SW 060120

Site preparation, establishment and plantation management

The subsoil ploughing in autumn 2008 preceded the planting of cuttings. The research area was not managed
in that year and no herbicides were applied. The planting area was prepared by cultivation systems and
individual plots of studied varieties and clones were marked out in spring 2009. Mineral fertilizers were applied
at the plantation at rate of 75 kg.ha™' of N, 50 kg.ha" of P and 25 kg.ha™' of K. The research field represents an
area of 60.00 x 17.25 m (Figure 1.).

Figure 1. Spacing of varieties and clones in plantation with detail of distances between plants (cm)
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The planting area was established 3 m apart from the previously established willow plantation with 1-year
old shoots (2-year roots). The planting of cuttings was done on 16™ of April 2009. 20 cm long dormant cuttings
were planted by hand. Cuttings were planted in twin-rows, in three repetitions with the width of 1 m between the
rows, 2 m between the two twin-rows and 0.75 m between the individual plants. The planting density of this
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spacing is 8 889 cuttings.ha™'. The soil lost moisture very quickly due to high air temperature in April. The
irrigation of approximately 5 mm was applied once at the beginning of May. The weed was manually removed
by hoeing among the young plants with assistance of cultivator between the twin-rows, totally 4 times during the
growing season. The plantation was temporarily fenced for a winter period due to a possible damage by rabbits
and game.

Measurements and evaluation

The number of living plants was counted in January 2010. The survival rate (SR) (% of rooted cuttings) was
determined based on the number of living plants from the total planted cuttings.

The stem numbers per plant (Nj), stem heights (h;) and stem diameters (D,,) were measured in January after
the first growing season. The stem height was measured by folding rule and telescopic measuring rod mEssfix
8 m (Nedo company). The stem diameter was measured 20 cm above the ground using slide rule. Measured data
were analyzed by analysis of variance ANOVA (a = 0.05). The aim was to find statistically significant
differences in the stem numbers, stem heights and stem diameters among the studied varieties and clones and
differences in stem heights and stem diameters depending on the stem numbers.

According to the data gained after the first growing season we grouped the studied varieties and clones into
the groups based on similarity of parameters (survival rate, stem numbers per plant, stem heights and stem
diameters) in order to better identify groups of willows, with above-average values of these parameters and those
below-average. Evaluation was carried out in IBM SPSS Statistics 19, where cluster analysis was used (Average
Linkage (Between Groups), Euclidean distance).

RESULTS AND DISCUSSION

Survival rate of planted cuttings ranged from 55.56% (variety Terra Nova) to 100% (16 varieties/clones) at
the end of the growing season. In our opinion, the cause of Terra Nova cuttings mortality was particularly
genetic characteristics, since variety Loden (No. 14) planted in the same twin-row as the Terra Nova had a 100%
survival rate of planted cuttings. The varieties in adjacent double-rows had a survival rate from 94.44 to 100%.
We suppose that variety Terra Nova did not meet the requirements of planting material quality. Dawson (2007)
mentions that quality planting material reaches around 90% of survival rate. Bergkvist et al. (1996) and Kiernan
et al. (2003) considered survival rate of more than 80% as an economic limit of successful establishment.

The stem numbers per plant ranged from 1.17 + 0.37 to 2.53 + 0.98 in average. There were statistically
significant differences among varieties and clones (fable 2). The average stem height and stem diameter of
studied varieties and clones largely decreased with increasing number of stems. Within the parameter of the
average height (h,) of the studied varieties between 1-stem plants and 4-stem plants, we found a difference of
40.15 cm on average in favor of 1-stem plants, which represents 26.99% of height of the 1-stem plant. The
differences depending on number of stems were also found in average stem diameter (Dyy). The difference of
2.83 mm was found between the 1-stem and 4-stem plants which represents 24.14% of the average stem
diameter of 1-stem plant. The minimum stem height of studied varieties and clones ranged from 23 to 99 cm. It
should be pointed out that minimum stem heights were not reached by any multistem plant varieties/clones
where the dominant shoot oppressed others. In some cases, where the cuttings were probably less rooted, the 1-
stem plants reached minimum stem heights in comparison with others. Maximum stem height ranged from 111
to 366 cm. The values of stem heights ranged on average from 65.82 + 36.60 cm (No. 23 — LA 980 263) to
225.58 + 68.61 cm (No. 11 — Lisa), while there was not statistically significant difference in the stem numbers
per plant between these two varieties. Only two shoots of 16 rooted plants of the variety no. 23 exceeded the
height of 100 cm. We found statistically significant differences among the stem heights of studied varieties and
clones (table 2). The minimum stem diameter of studied varieties and clones ranged from 2.5 to 7.7 mm.
Maximum stem diameter ranged from 11.0 to 28.3 mm. The values of stem diameter ranged on average from
6.90 £2.63 (No. 23 — LA 980 263) to 14.34 +3.39 (No. 11 — Lisa). We found statistically high significant
differences among the stem diameters of studied varieties and clones (Table 2.).

Table 2
Analysis of variance of individual compared parameters
compared parameter F P value F crit. Significance
The number of shoots among varieties/clones 3.36575503 1.45.10" 1.41900405 +++
Stem height depending on the number of shoots 3.46112070 0.01847057 2.67769904 +
Stem diameter depending on number of shoots 5.94924346 7.99.10* 2.67769904 s
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The Table 3. shows overall summary of studied parameters SR, N, h;, Dy for each variety and clone.

Table 3
Data of survival rate and average values of stem numbers per plant stem height and stem diameter
Survival rate (SR) Number of shoots (N;) Stem height (h;) Stem diameter (D)
no Variety/Clone [%] [-] [em] [mm]

1 L78183 100.00% 222 + 053 11463 + 31.81 928 + 281
2 L78195 100.00% 211 += 0.66 14934 =+ 40.27 1030 + 244
3 L81084 100.00% 244 + 0.68 179.00 + 33.96 1276+ 280
4 L78021 94.44% 253 + 098 13523 =+ 46.08 923 + 249
5 Jorunn 100.00% 194 + 0.62 188.77 £ 50.94 11.55 + 240
6 Jorr 100.00% 239 + 083 19151 + 56.89 1223 + 344
7 Bjomn 100.00% 200 = 0.75 20275 £ 46.76 1274 + 3.05
8 Tora 77.78% 207 += 0.80 20290 + 5743 1340 + 339
9 Inger 100.00% 1.67 + 0.88 211.53 £ 70.27 1333 + 422
10 Klara 100.00% 156 + 0.83 19346 + 70.74 1257 + 4.13
11 Lisa 100.00% 144 + 0.50 22558 + 68.61 1434 + 339
12 Stina 83.33% 193 + 085 14534 + 58.99 11.21 + 377
13 Terra Nova 55.56% 240 + 1.02 13642 + 59.35 1142 + 359
14 Loden 100.00% 1.50 += 0.50 157.48 + 33.79 1226 + 250
15 Gudrun 94.44% 171 + 0.75 10586 =+ 46.01 839 + 263
16 Dimitrios 77.78% 1.71 + 0.70 8529 + 55.13 874 + 423
17 SW 901290 94.44% 1.76 + 0.81 11123 + 40.11 788 £ 2.06
18 LA 030054 88.89% 206 + 075 98.64 + 4527 828 + 283
19 LA 030068 100.00% 1.78 + 0.63 131.41 + 47.66 850 + 2.09
20 LA 030136 100.00% 194 + 0.62 98.60 + 4494 772 £ 210
21 LA 030275 100.00% 172 + 0.87 70.14 = 2791 717 £ 199
22 LA 980260 72.22% 146 + 0.84 9042 + 50.51 978 + 3.01
23 LA 980263 88.89% 175 + 0.5 65.82 + 36.60 690 + 263
24 LA 980268 83.33% 1.60 + 049 98.46 + 5479 9.07 + 353
25 LA 990398 94.44% 200 = 0.77 102.71 £ 44.52 797 + 238
26 LA 000231 94.44% 1.88 + 047 12378 + 64.67 935 + 286
27 SW 990551 66.67% 1.17 + 037 7993 + 3145 842 + 234
28 SW 990559 88.89% 1.63 + 0.70 66.96 =+ 43.87 797 £ 397
29 SW 010230 94.44% 1.53 + 0.61 100.46 + 35.59 773 £ 197
30 SW 010329 83.33% 1.53 + 0.50 111.13 + 35.15 929 + 243
31 SW 010483 100.00% 244 + 050 7655 + 14.83 852 + 146
32 SW 010485 94.44% 253 + 098 10591 + 54.64 986 + 274
33 SW 010488 94.44% 1.71 + 057 103.17 £ 53.76 929 + 3.00
34 SW 040027 94.44% 1.82 + 0.71 17448 + 81.05 1414 + 445
35 SW 040028 94.44% 1.65 + 0.68 162.00 =+ 8241 1407 + 5.03
36 SW 040030 100.00% 194 + 0.78 13737 + 78.17 1289 + 4.12
37 SW 040110 94.44% 1.65 + 0.59 7125 + 2274 945 + 3.65
38 SW 060114 100.00% 239 + 0.76 9321 + 4940 1040 + 292
39 SW 060119 72.22% 154 + 0.63 69.50 + 31.03 728 + 239
40 SW 060120 94.44% 1.88 + 0.90 67.03 + 21.78 7.13 £ 2.09

The result of cluster analysis is the classification of varieties and clones into 6 groups according to their
similarity in the measured parameters of stem heights, stem diameters, stem numbers per plant and survival rate
(Table 4.). The 1* group includes varieties and clones, which were above-average in stem numbers and survival
rate in comparison with other groups (5 varieties). The 2" group consists of varieties and clones with above-
average stem diameters, stem heights and survival rate (7 varieties, 5 clones). The 3" group includes varieties
and clones with above-average of stem heights, stem diameters and stem numbers but below-average values of
survival rate (2 varieties). The 4™ group includes the variety Terra Nova, which had the lowest survival rate of all
studied varieties and clones (the variety reached above-average values in other parameters). The 5" group
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includes varieties and clones with below-average stem diameter (1 variety, 13 clones) and the 6™ group includes
varieties and clones with below-average values in all measured parameters (1 variety, 5 clones). These results
represent the first growing season therefore definitive conclusions cannot be made.

Table 4
Groups of varieties and clones based on similarity in studied parameters evaluated by method of average linkage of cluster analysis

1* group 2" group 3" group 4™ group 5" group 6" group
1.L.78183 2. L 78195 8. Tora 13. Terra Nova 15. Gudrun 16. Dimitrios
4.1L78021 3.L 81084 12. Stina 17. SW 901290 22. LA 980260
31. SW 010483 5. Jorunn 18. LA 030054 24. LA 980268
32. SW 010485 6. Jorr 19. LA 030068 27. SW 990551
38. SW 060114 7. Bjom 20. LA 030136 30. SW 010329

9. Inger 21. LA 030275 39. SW 060119
10. Klara 23. LA 980263
11. Lisa 25. LA 990398
14. Loden 26. LA 000231
34. SW 040027 28. SW 990559
35. SW 040028 29. SW 010230
36. SW 040030 33.SW 010488
37. SW 040110
40. SW 060120

If we compare the reached values of measured parameters in the individual categories with the average value,
there are not all varieties and clones in any group, which are above-average in all observed parameters. Despite
of this, we can consider the varieties and clones in the 2nd group as the best based on the observed parameters.
Willows show different range of tolerance and growth potential as well as requirements on the environment
(Kuzovkina, Volk, 2009). Our results obtained by the method of cluster analysis are mainly based on the ability
of adaptation and reproduction of these plants in the given environment and thus the production indicators of the
tested varieties and clones also depend on this ability.

The Figure 2. shows dendrogram of average linkage clustering.

Figure 2.: Dendrogram of average linkage clustering among groups

25
1

15
1

10
L

_|_

Rescaled Distance Cluster Combine

4

|
[ 1]

I
=

|
-

Jorr E—I
T
Ejom?—J

SW0E0114 38
Klara 10

Lisa 11
SV 040027 34

Inger 9
N sywo4n028 35

Dimitrios 16
LA 980260 22
SV 990351 27
L 78021 4
Tora B

Stina 12 ¢

L 81084 3
Jorunn 5

SW 010485 32
Locen14

U Ty
SWam29017
SV 010488 33
SW 010230 29
LA 03006819
LA 000231 26
LA 030136 20
LA 990398 25
LA 030054 18
LA 98028323
SV 990559 28
LA 03027521
SW0B0120 40
SW040110 37
LA 980268 24
SW 01032930
SV 080119 39 |

T7BT83 T
SW010483 31

L7B1852
SW 040030 36
Terra Mova13

o
o
—

CONCLUSION

The paper presents partial results of verifying the suitability of 40 fast growing energy willows (Salix)
varieties and clones cultivated in conditions of south-west Slovakia during one-year old growing season in 2009.
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We found out that survival rate of planted cuttings varied from 55.56 to 100.00%. The lowest survival rate was
reached by the variety Terra Nova with the value of 55.56%. We assume that this variety has worse ability of
vegetative reproduction in the given conditions.

The stem numbers per plant ranged from 1 to 4 shoots, rarely 5. The varietal dependency of shoot production
after planting has been statistically confirmed. We also found dependence of the decrease of stem height and
stem diameter on the increase of stem numbers. The height of one-year old stems ranged from 23.00 to 366 cm;
on average of 65.82 + 36.60 to 225.58 + 68.61 cm at the end of the growing period. Stem diameters were
measured 20 cm above the ground and ranged from 2.5 to 28.3 mm; average stem diameters were from
6.90 +2.63 to 14.34 + 3.39 mm. Parameters of stem height and stem diameter depended on variety/clone which
was statistically confirmed.

Results of cluster analysis confirmed the similarity of studied varieties and clones, based on which they were
divided into 6 groups. According to the observed parameters of stem numbers per plant, stem heights and stem
diameters and survival rate of planted cuttings, the best values were reached by varieties and clones in the second

group.
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