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The aim of this research was to study the morphologi-
cal and biological characteristics of the selected clones of
Salix purpurea ‘Gracilis’ cultivar in short rotation planta-
tions and to evaluate their productivity. By taking these
aspects into account, it was attempted to study and evalu-
ate seven selected clones of Salix purpurea ‘Gracilis” as well
as to summarize the research of their morphological and
biological characteristics and their productivity over nine
years of growing in short rotation plantations.

After conducting a comparative study of sprout leaves
of the selected clones it was determined that the leaves of
different clones differ in shape, size and leafstalk length.
Some characteristics of biological productivity such as
bush height, the number of sprouts grown per bush, their
length and diameter, slenderness ratio, and their number
per hectare were studied as well.
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INTRODUCTION

supply of high quality and rapidly growing osier
and willow switches. Traditionally, the main spe-

At the moment in many countries worldwide, in-
cluding Lithuania, the willow is viewed as a source
of renewable energy (Christopherson et al., 1989;
Hummel et al., 1989; Ferell et al., 1992; Smaliu-
kas et al., 2008). However, another area where wil-
low and osier wood is used and which has long
traditions in Lithuania is the wickerwork business
(Mirinauskas, 1992). The development and prof-
itability of this business depends on the constant
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cies that produce switches suitable for wickerwork
are considered to be Salix purpurea, S. viminalis,
S. triandra and some other species and their in-
terspecies taxa (Stott, 1992; Smaliukas, Noreika,
2005). Of these species, the most widely grown in
Lithuania is S. purpurea and its interspecies taxa,
including the cultivar ‘Gracilis, the cultural popu-
lation of which is quite varied. Individual bushes
of S. purpurea stand out in terms of the number of
sprouts grown per bush and their morphological
characteristics.
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The aim of this research was to study
the morphological and biological character-
istics of the selected clones of Salix purpurea
‘Gracilis’ cultivar in short rotation plantations
and to evaluate their productivity.

MATERIALS AND METHODS

The selection of Salix purpurea ‘Gracilis’ clones
was carried out in cultured osier plantations of
Noreikupis (Sakiai District), Seredzius (Jurbar-
kas District) and Miroslavas (Alytus District)
in 1996.

In April of 1997 the selected splits of S. pur-
purea ‘Gracilis’ cultivar clones were planted in
the prepared willow and osier field collections.
The method of growing willows and osiers
for one year and then cutting them each year
at the end of vegetation was used to evaluate
the morphological and biological characteristics
of the bushes and the productivity of the vegeta-
tive stock. Also the morphological and biological
characteristics and the productivity of sprouts
over the nine years of cultivation of the selected
clone bushes were studied and evaluated.

Field collections were set up in peaty sandy
loam soil. The concentration of macroelements
and microelements in the soil (mg/kg) was as
follows: N-NO, (15.9), KO (86), P,O, (85),
Ca (1377), Mg (250), Fe (440), Zn (1.5),
Mn (40), B (0.6), and Cu (1.1). Soil pH was 6.2.

Bushes in the field collections were planted in
rows. The spaces between rows were 70 cm and
25 cm between plants. The planted split length
was 25 cm. The field was fertilized with potas-
sium and phosphorus in autumn, whereas nitro-
gen was used in spring (the dosage of active sub-
stances was the following: N_, K, P (kg/ha)).

The morphological characteristics and
the productivity of bushes and sprouts were
studied based on the research methods of mod-
el plants (Klein, Klein, 1974). The obtained re-
sults were analysed using statistical methods.

RESULTS AND DISCUSSION

Growing of one-year-old sprouts of willows and
osiers (i. e. growing switches which are used in

the wickerwork business after removing their
bark) in short rotation plantations is very simi-
lar to the growing of cultivated plants. Plant
growing duration in plantations for switches
is one year; for the production of wickerwork
furniture and other products, the duration is
two to three years. The main requirements that
apply to osiers and their clones (genetically
identical vegetative offspring) grown in short
rotation plantations are the number of sprouts
produced per bush, their length and diameter,
slenderness ratio, and pest and disease resist-
ance. By taking these aspects into account, it
was attempted to study and evaluate the seven
selected clones of Salix purpurea ‘Gracilis’ as
well as to summarize the research of their mor-
phological and biological characteristics and
their productivity over the nine years of grow-
ing in short rotation plantations.

After conducting a comparative study of
sprout leaves of the selected clones it was deter-
mined that the leaves of different clones differ
in shape, size, and leafstalk length as shown in
Fig. 1. The leaves of clones 9709-9712 are dis-
tinctly conversely lanceolate, while the leaves
of clones 9713-9742 are linear lanceolate, and
the leaves of clone 9741 are wide linear lanceo-
late. The leaves of clone 9741 have short leaf-
stalks, whereas the acuminate apex of leaves
is characteristic of clone 9742. Also, different
clones have varying serrated lamina.

After summarizing the size data of sprout
leaves during the 7th-9th years of growing
(see Fig. 2), it was determined that the studied
clones can be grouped into three groups based
on the length of their leaves: those growing
the shortest leaves (5.6-6.2 cm (clones 9709 and
9710)), those growing medium length leaves
(5.4-6.5 cm (clones 9711-9713)) and those
growing the longest leaves (7.2-8.6 cm (clones
9741-9742)). In the 7th year of growing all
three clone bushes grew the widest leaves and
during the 7th-9th years of growing the leaves
of bushes were marginally narrower. In terms
of leaf width, the most distinct were the leaves
of clones 9741 and 9742. It was noticed that leaf
size is affected more by the conditions of grow-
ing rather than by the age of the bush.
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Fig. 1. Leaves characteristic of the selected Salix purpurea ‘Gracilis’ clone sprouts

After summarizing the intensity of bush
growth during the 1st-4th and 7th-9th years
of growing, it was determined that the clones
differ in growth character (see Fig. 3). During
the 1st year of growing the height of bushes
at the end of vegetation varied between 75 cm
(clone 9710) and 99 cm (clones 9711 and
9742). The growth rate during the 1st and later
years depends on many factors: the genetic
characteristics of the clone, the soil, rhizogen-
esis, the time of planting and agrotechnical
treatment. Taking into account the conditions

in Lithuania, it is crucial to finish planting
the sticks of clones until the 20th of April.
Cutting time and stump height during
the 2nd and later years of growing have great
impact on the renewal of sprouts. The most
advisable time for cutting is autumn (during
the months of October and November); spring
cutting (especially if it is belated) decreases
the intensity of bush growth and the produc-
tivity of grown material. The sprouts of all
studied clones grow very rapidly and become
suitable for use in production during the 2nd
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Fig. 2. Leaf length and width evaluation of Salix purpurea ‘Gracilis’ clone sprouts during 7th-9th years of

growing
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Fig. 3. The height of one-year-old old Salix purpurea ‘Gracilis’ clone sprouts during the 1st-4th and 7th-9th

years of growing

year of growing when the root system becomes
stronger. The highest bushes during the 2nd year
were grown by clones 9741 (243 cm) and 9742
(236 cm). The height of other clone bushes var-
ied between 154 cm (clone 9709) and 179 cm
(clone 9711).

During the 3rd year of growing a slight in-
crease in bush height was observed, except for
clone 9741 in which case the average bush height
was 8 cm lower.

During the 4th year of growing some selected
clone bushes reached their maximum height:
clone 9712 (190 c¢cm), clone 9742 (242 cm), and
clone 9741 (248 cm).

During the 7th, 8th, and especially the 9th
year of growing there was an observable de-
crease in bush height of clones 9712 and 9742.
For this reason after eight years of yearly cutting
of the sprouts, it is advisable to make a pause in
bush cutting in order to allow their root system
to strengthen.

The number of sprouts is a biological
characteristic of clones on which depend
the output of switches and the productivity of
the plantation. As can be seen in Fig. 4, clones
vary in the number of sprouts. It was observed
that common to all clones is the variation of

the number of sprouts per bush depending
on the year of growing. During the 1st year
of growing the number of sprouts varied be-
tween 2.5 (clone 9709) and 4.4 (clone 9742).
During the 2nd year of growing the number
of sprouts increased 3.3-7.3 times. During
the 3rd and 4th years of growing the majority
of clone bushes grew a maximum number of
sprouts (clone 9710 (47.8 sprouts), clone 9711
(41.7 sprouts), clone 9709 (30.5 sprouts), and
clone 9741 (26.3 sprouts)). The data shows
that the clones of Salix purpurea ‘Gracilis’
significantly exceed other cultivars grown in
the S. purpurea culture in terms of the number
of sprouts grown per bush, e. g. S. purpurea
‘Rubra’ (19.7 sprouts), S. purpurea f. purpurea
(18.3 sprouts), and S. purpurea f. busuluken-
sis (16.8 sprouts) (Smaliukas, Noreika 2002).
During the 7th-9th years of growing the num-
ber of sprouts per bush of some clones de-
creased while in others it increased.

Long, straight, flexible and branchless
switches are valued most in production. There
is also a demand for switches which are short-
er and have fixed slenderness (i. e. the thick-
ness across the length of the switch changes
slowly), and are used in production of some
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Fig. 4. The number of one-year-old Salix purpurea ‘Gracilis’ clone sprouts during the 1st-4th and 7th-9th

years of growing

products. Such sprouts (switches) are pro-
duced only by S. purpurea ‘Gracilis’ clones
(their average length is determined after cut-
ting and analysing all sprouts which were pro-
duced by the bush). As can be seen in Fig. 5,
the average length of four out of five sprouts
of clones 9710-9713 which were studied and

evaluated was quite stable (during the 2nd-8th
years of growing it varied between 115 cm and
139 cm). The longest sprouts (switches) were
produced by clone 9741 (156 c¢cm) and clone
9742 (153 c¢cm). During the 9th year of grow-
ing, the average switch length of all the stud-
ied clones decreased.
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Fig. 5. The average length (cm) of one-year-old Salix purpurea ‘Gracilis’ clone sprouts (switches) during

the 1st-4th and 7th-9th years of growing
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One of the most typical and distinctive mor-
phological qualities of S. purpurea ‘Gracilis’
clones is their ability to produce sprouts (switch-
es) which are small in diameter (thin). After
measuring the diameter of sprouts at the butt
end and at the height of 100 cm, the slender-
ness ratio of sprouts was determined. The high-
est quality switches are those of fixed slender-
ness. As can be seen in Fig. 6, the diameter and
the slenderness ratio of different sprouts differ.
The thinnest sprouts (switches) were produced
by clone 9709 (4 mm at the butt end), whereas
the thickest ones were produced by clone 9741
(7-6 mm) and 9742 (6-5 mm). It was deter-
mined that the slenderness ratio of switches
of the studied clones during different years of
growth varied between 1 and 2 mm.

One of the primary objectives of the clonal
selection of willows and osiers that are grown
for switches are the productivity of selected
clones and the quality of the material pro-
duced. As can be seen in Fig. 7, during their
Ist year of growing the studied clones pro-
duced between 171,000 and 250,800 switches

per hectare. During the 2nd year of growing
the output of sprouts (switches) increased
significantly and varied from clone to clone
(from 735,800 (clone 9741) to 1,128,500
(clone 9710) units per hectare). The major-
ity of the clones studied reached the maxi-
mum output of sprouts (switches) during
the 3rd or 4th years of growing. In terms of
the number of sprouts (switches) produced,
the most significant clones were 9710 (which
produced 2,672,400 sprouts per hectare dur-
ing the 3rd year of growing) and 9711 (which
produced 2,376,900 sprouts per hectare dur-
ing the 3rd year of growing). Closest to clones
9710 and 9711 in terms of the number of
sprouts (switches) produced were clones 9712,
9713, and 9742 which produced 1,670,100,
1,784,100 and 1,601,700 sprouts per hectare,
respectively. For comparison, S. purpurea
f. purpurea grown in the same conditions pro-
duced 1,043,100 sprouts per hectare during
the 3rd year of growth and S. purpurea £. rubra
produced 1,122,900 sprouts per hectare (Sma-
liukas, Noreika, 2002).
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Fig. 6. The diameter of one-year-old Salix purpurea ‘Gracilis’ clone sprouts at the butt end during the 1st-

4th and 7th-9th years of growing
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PURPURINIO KARKLO
(Salix purpurea L.) ‘GRACILIS’
SELEKCIONUOTU KLONU MORFOLOGINES
IR BIOLOGINES SAVYBES IR JU
PRODUKTYVUMO JVERTINIMAS TRUMPOS
APYVARTOS ZELDINIUOSE

Santrauka

Tyrimy tikslas — apibendrinti auginamy ir tiriamy
trumpos apyvartos Zeldiniuose selekcionuoty Salix
purpurea ‘Gracilis’ klony morfologines ir biologines
savybes ir jvertinti produktyvuma.

Siais aspektais istirti ir jvertinti septyni selekcio-
nuoti Salix purpurea ‘Gracilis’ klonai, apibendrinti
ju morfologiniy ir biologiniy savybiy bei produk-
tyvumo tyrimai per devynerius auginimo trumpos
apyvartos Zeldiniuose metus.

Atlikus selekcionuoty klony atzaliniy agliy lapy
palyginamuosius tyrimus nustatyta, kad atskiry
klony lapai skiriasi pagal forma, lapo laksto dydj ir
lapkocio ilgj. Rys$kiai atvirksciai lancetiski yra 9709-
9712, linijiskai lancetiski — 9713-9742 klony lapai,
0 9741 klono lapai yra placiai linijiskai lancetiski.
9741 klono lapai issiskiria trumpu lapkodiu, o 9742
klono - ilgai smailéjancia vir§tne. Taip pat skirtin-
gy klony lapams budingas jvairuojantis lapo laksto
pjukliskumas.

Tirtus klonus pagal lapy ilgj galima sugrupuoti
j 3 grupes: iSauginancius trumpiausius lapus - 5,6-
6,2 cm (kL. 9709 ir 9710), vidutinio ilgio - 5,4-6,5 cm
(kl. 9711-9713) ir ilgiausius lapus - 7,2-8,6 cm
(kl. 9741-9742). Septintais auginimo metais visy trijy
klony kramai iSaugino placiausius lapus, o 7-9 mety
kramy lapai buvo truputj siauresni. Pagal lapy plotj
ryskiausiai i$siskyré 9741 ir 9742 klony kramai.

Ketvirtais auginimo metais kai kurie selekcio-
nuoti klony krimai pasieké maksimaly auks-
tj — 9712 k. (190 cm), 9742 kl. (242 cm), 9741 K.
(248 cm). Septintais ir aStuntais, o ypac devintais

auginimo metais pastebimas Zenklus 9712, 9741 ir
9742 klony krimy aukscio Zeméjimas. Taigi po as-
tuoniy kasmetiniy atZaliniy tgliy kirtimy devintais
auginimo metais tikslinga padaryti pertrauka, kad
sustipréty augaly Sakny sistema.

Atzaliniy agliy skai¢ius krame yra klony bio-
loginé savybé, nuo kurios priklauso vyteliy iseiga
ir plantacijos produktyvumas. Pastebimi kai kurie
bendri visiems klonams désningumai - tai atzaliniy
ugliy skai¢iaus kriame kaita priklausomai nuo augi-
nimo mety. Pirmaisiais auginimo metais atzaliniy
ugliy skaic¢ius kriime varijuoja nuo 2,5 (9709 kl.) iki
4,4 (9742 kl.); antraisiais jis padidéja 3,3-7,3 kar-
to. Treciaisiais ir ketvirtaisiais auginimo metais
daugelio klony krimai i$augino maksimaly jy
skai¢iy: (9710 kL. - 47,8 vnt., 9711 kl. - 41,7 vnt.,
9709 kL. - 30,5 vnt., 9741 kL. - 26,3 vnt.). Salix pur-
purea ‘Gracilis’ klonai pagal iSauginamy atzaliniy
ugliy skaic¢iy krime gerokai pralenkia kitus S. pur-
purea kultiroje auginamus kultivarus, pavyzdziui,
S. purpurea ‘Rubra’ - 19,7, S. purpurea f. purpu-
rea - 18,3, S. purpurea f. busulukensis - 16,8.

Vienas i§ svarbiausiy tiksly, vykdant vyteléms
auginamy gluosniy ir karkly klonine atranka, yra
atrenkamy klony produktyvumas bei augalinés
zaliavos kokybé. Pirmaisiais auginimo metais tir-
tieji S. purpurea ‘Gracilis’ klonai i$augino nuo 171
iki 250,8 takst. vyteliy hektare; antraisiais jy iSeiga
labai padidéja ir skirtingy klony ji varijuoja nuo
735,8 (9741) kL iki 1 128,5 tukst. vnt./ha (9710 KkL).
Maksimali atzaliniy agliy iSeiga pasiekiama treciais
ir ketvirtais auginimo metais. Pagal iSauginamy at-
zaliniy ugliy kiekj i$siskyré 9710 kl., kuris treciais
auginimo metais iSaugino 2 672,4 takst. vnt./ha, ir
9711 kI, iSaugines 2 376,9 tikst.vnt./ha. Arciausiai
prie minéty klony pagal iSauginamy atzaliniy agliy
kiekj yra 9712, 9713 ir 9742 klonai, i$auginantys ati-
tinkamai 1 670,1, 1 784,1 ir 1 601,7 tukst. vnt./ha.

Raktazodziai: Salix purpurea ‘Gracilis, kloniné
atranka, trumpa apyvarta, morfologinés savybés



