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Abstract: Plant biomass is one of the energy 
resources, which contains much of the advantages of 
renewable energy resources that are possible to 
saturate mankind energy requirements nowadays. 
The aim of the research paper is to evaluate the 
biomass accumulation potential of fast growing 
basket willow (Salix viminalis L.) cultivated for 
energy purposes on human planted plantation. The 
experiment was realized in the four-year period 
(2000 – 2003) of the agri-ecological conditions 
analysis for growing of different basket willow 
varieties at the Experimental Base of Slovak 
University of Agriculture in Nitra (Slovak Republic). 
The influence of these factors on dry matter yields of 
basket willow was reviewing: variety (ORM, RAPP, 
and ULV), stand organization (arrangement A – 
double rows = 0.5 m x 0.75 m or 1.25 m; 
arrangement B = 0.5 m x 0.75 m) and growing 
season (2000 – 2003). There can be determined an 
order between different basket willow varieties for 
cultivation in the warm south Slovakia conditions: 
1. ULV: 54.1 t.ha-1; e.g. average of dry matter yield 
accumulated after four-year cultivation cycle; 
2. ORM: 44.0 t.ha-1; 3. RAPP: 25.4 t.ha-1. From the 
stand organization point of view better results were 
achieved in the arrangement B (43.8 t.ha-1) than in 
arrangement A (38.5 t.ha-1). These are results from 
second four-year cycle of basket willow cultivation 
(plantation was planted in 1996). There is 
possibility for biomass harvests and their evaluation 
in few more four-years cycles from the stand status 
and plant health point of view. 
 

Abstrakt: Rastlinná biomasa je jedným zo zdrojov 
energie, ktorá v sebe zahŕňa väčšinu z výhod 
obnoviteľných zdrojov energie, ktoré sú schopné 
saturovať energetické požiadavky ľudstva 
v súčasnosti. Cieľom tohto výskumu je hodnotenie 
akumulačného potenciálu biomasy rýchlorastúcej 
vŕby košikárskej (Salix viminalis L.) vysadenej na 
plantáži a pestovanej na účely produkcie energie. 
V štvorročnom riešiteľskom období (2000 – 2003) 
bola realizovaná analýza vhodnosti 
agroekologických podmienok pestovania rôznych 
odrôd vŕby košikárskej na lokalite Experimentálna 
báza Slovenskej poľnohospodárskej univerzity 
v Nitre (SR). V pokuse bol sledovaný vplyv týchto 
faktorov na úrodu sušiny nadzemnej biomasy: 
odroda (ORM, RAPP, ULV), spôsob organizácie 
porastu (spôsob A – dvojriadky = 0,5 m x 0,75 m 
alebo 1,25 m; spôsob B = 0,5 m x 0,75 m) a vplyv 
rokov pestovania (2000 – 2003). Na základe 
nameraných a vypočítaných údajov možno určiť 
poradie vhodnosti sledovaných odrôd vŕby 
košikárskej do pestovateľských podmienok 
južného Slovenska nasledovne: 1. ULV (priemerná 
úroda sušiny za 4 roky pestovania: 54,1 t.ha-1); 2. 
ORM (44,0 t.ha-1); 3. RAPP (25,4 t.ha-1). 
Z hľadiska pestovateľského sponu lepšie výsledky 
boli dosiahnuté pri spone B (43,8 t.ha-1) ako pri 
spone A (38,5 t.ha-1). Tieto výsledky sú získané 
z druhého štvorročného cyklu pestovania vŕby 
košikárskej (plantáž bola založená v roku 1996). 
Zber biomasy a jej hodnotenie sa očakáva aj 
v ďalších štvorročných zberových cykloch 
v závislosti od stavu porastu a zdravotného stavu 
rastlín. 
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 INTRODUCTION 
 Renewable energy resources are still a topical problem, especially when society will 
start to feel the symptoms of oil crisis as well as negative results of global warming. Plant 
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biomass is one of the energy resources, which contains much of the advantages of renewable 
energy resources that are possible to saturate mankind energy requirements nowadays (Húska 
et al., 2000; Niňaj – Húska, 2005). 

The aim of the research paper is to evaluate the biomass accumulation potential of fast 
growing basket willow (Salix viminalis L.) cultivated for energy purposes on human planted 
plantation. The experiment was realized in the four-year period (2000 – 2003) of the agri-
ecological conditions analysis for growing of different basket willow varieties at the 
Experimental Base of Slovak University of Agriculture in Nitra (Slovak Republic). 

 
MATERIAL AND METHODS 
Localization and characteristic of experiment and agri-climatic conditions 
Experimental Base of Faculty of Agrobiology and Food Resources, Slovak University 

of Agriculture in Nitra is situated in cadastre of Dolna Malanta village near Nitra, Slovak 
Republic (18°07` E, 48°19` N). Geographically this locality is situated in the western part of 
river Zitava upland. Experimental locality has flat character with little declination to south. The 
altitude is 177-180 m above sea level (Hanes et al., 1993). 

The experiment was realized in the framework of agri-climatic areas in the territory 
with the following features: Macro area: warm with sum of temperature during days when 
t > 10°C in a range of 3,100 – 2,400°C; Area: predominantly warm with temperature t > 15°C 
in a range of 3,000 – 2,800°C; Sub area: very dry with climatic humidity factor for the months 
June – August KVI – VIII = 150 mm; ward: predominantly mild winter with an average of 
absolute temperature minimum Tmin = from -18 to -21°C. The average long-term (1961 – 1990) 
annual precipitation is 532.5 mm, for the vegetation period it is 309.4 mm (Table 1). The 
average long-term (1961 – 1990) annual temperature is 9.8°C and for the vegetation period it is 
16.4°C (Špánik et al., 1996). 

Type of the soil is brown soil. Selected soil properties: proportional soil weight: 2.60 
– 2.63 t.m-3; content of humus in arable soil / topsoil is 1.95 – 2.28 %; soil reaction: 5.03 – 5.69 
(acidic, almost mild acidic). The experimental soil was created at the proluvial sediments. The 
soil profile of brown soil contains three genetic horizons (Ap, Bt, C), and their stratography is 
following: Humus horizon (Ap) with depth 0.00-0.32 m; underneath, which is the main 
diagnostic luvisolic Horizon (Bt) and this one was created as a result of alluvial accumulation 
of translocated colloids. Its depth is from 0.33 to 0.65 m. Then there is a transitional horizon 
(Bt/C) with a depth from 0.66 to 0.85 m and follows continually into the soil forming substrate 
up to the depth of 1.5 m. The studied brown soil is clayey in its sub layer and in its topsoil is 
mildly firm. Humus is of a humo-phulvate type (Hanes et al., 1993). 

Table 1 
 

Average air temperatures (T) and sums of precipitation (P) of the experimental locality 
in month intervals during the long-term period 1961-1990 (Špánik et al., 1996) 

 
Month I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. Year 4. – 9. 
T (°C) -1.7 0.6 5.0 10.4 15.1 18.0 19.8 19.3 15.6 10.3 4.5 0.2 9.8 16.4 

P (mm) 31.2 31.8 29.6 38.5 57.7 64.0 51.4 57.7 40.1 35.8 54.8 39.9 532.5 309.4 
 

Plant material and stand establishment 
Methodology of the experiment with fast growing basket willow (Salix viminalis L.) 

is designed as a long-term experiment (25 years). Stand was established by hand planting on 
spring in 1996 (19th April). Planting material originated from Sweden breeding (Swalov) and it 
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was obtained from Research Station in Krivá na Orave, Slovak Republic (VÚTPaHP). Length 
of planted segments was 0.20 m; width 10 – 20 mm. Amaranthus sp. was cultivated as a 
forecrop. Ploughing to the depth of 0.30 m was made as autumn basic soil cultivation, and then 
smoothing and harrowing was done in the spring. Plants were planted manually. Cultivation 
during vegetation period is orientated to the regulation of harmful factors (weeds, pests and 
diseases) and to the investigation of stand status and conditions. 
 

Experimental design and data obtaining 
Size of the experimental field is about 648 m2; area of each plot (variant): 108 m2; 

total No. of investigated plots: 6; cultivars of the plant: ORM, ULV, RAPP. 
 

Characteristic of cultivars 
 ORM – is characterized by slimmer branches. Colour of bark is orange or beige on 
one-year branches, and yellow-green on two-years and older branches. Bark is smooth. It is 
suitable for basket making. 
 ULV – it is characterized by wider branches. Colour of bark is dark wine red-brown 
or dark wine red-green on one-year branches, and grey-green on two-years and older branches. 
It is not suitable for basket making because of wider and low flexible branches. 
 RAPP – it is typical by red-brown colour of bark on one-year branches, and green-
brown on two-years and older branches. Bark is smooth and bright. It is very suitable for 
basket making because of its good flexibility. 
 

Variants of the experiment 
 A – planting to double rows = distance of two rows 0.5 m, between two rows 0.75 m 
or 1.25 m;  
 B – planting organization: 0.5 x 0.75 m. 
 

Designation of plots 
 ORM/A, ORM/B, ULV/A, ULV/B, RAPP/A, RAPP/B. 
 

Harvesting of plant material 
Harvesting of above ground biomass is planned in four-year cycles during the 

wintertime. Harvest consists of sampling: cutting of representative branches from the plants, 
their measurement (length, width, and weight parameters) in actual humidity and after drying 
to the 100 % of dry matter. 

The sampling within second harvest cycle was done 13th March 2001 (5th year after 
establishment of the plantation), 7th March 2002 (6th year), 13th January 2003 (7th year), and 
14th January 2004 (8th year). The sampling was done manually using gardener scissors or 
handsaw. The average sample contains approximately 10 pieces of branches from each plot 
(variant). 
 

RESULTS AND DISCUSSION 
Number of basket willow (Salix viminalis L.) plants per square meter in the 

experimental plots depends on stand organization. Arrangement A provides: 2.00 plants.m-2, 
Arrangement B: 2.67 plants/m-2. According to Šimala – Habovštiak (1995) basket willow 
plants grow up to the 2.0 – 3.0 m high while it is properly cultivated on suitable location 
already in the first year. After four years of basket willow cultivation in suitable conditions 
plants are almost 7.0 m high. Then this biomass is suitable to harvest. It is difficult to say if 
mentioned authors calculated with these data when to evaluate more-year harvest cycles. 
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However, for comparison of results, it is presented in Table 2 that one year after first harvest, 
high of plants was reached as follows: ORM (2.24 m), ULV (2.17 m), and cultivar RAPP 
obtained 2.00 m high. All of these data were measured when the B stand organization, e.g. 
denser planting. The high of stand in the following years was varied from 2.29 m (cultivar 
RAPP/A, in 6th year after planting) to 4.38 m (ULV/B, 8th year after planting). This parameter 
did not meet the required 7.0 m as it is presented by Šimala – Habovštiak (1995) in any case. 
This fact could be caused because influence of harmful factors, soil characteristics of the 
locality as well as meteorological conditions during the evaluation period. 
 

Table 2 
 

Characteristics of measured parameters of basket willow (Salix viminalis L.) 
during four-year period (2000 – 2003) 

 
Variety / Arrangement 

 
Parameters 

ORM/A ORM/B ULV/A ULV/B RAPP/A RAPP/B 

Number of plants.m-2 2.00 2.67 2.00 2.67 2.00 2.67 

5th year 1.85 2.24 1.88 2.17 1.60 2.00 
6th year 2.89 3.20 2.81 3.14 2.29 2.65 
7th year 3.30 3.60 3.44 3.89 2.99 3.27 

Average branch 
length (m) 

8th year 3.91 4.09 4.08 4.38 3.56 3.85 

5th year 9.9 11.9 8.1 10.4 10.1 9.6 
6th year 12.0 12.0 11.5 13.1 10.3 11.7 

7th year 14.5 16.4 14.6 16.2 13.0 15.5 
Average branch 

width (mm) 

8th year 14.7 18.1 17.5 19.2 14.5 17.3 

5th year 255 490 315 363 151 40 
6th year 940 920 990 850 280 500 
7th year 1,970 1,320 1,870 1,800 570 940 

Average weight 
of one branch 
after drying up 

(g) 8th year 2,320 1,560 2,540 2,150 920 1,210 

5th year 2,550 4,900 3,150 3,630 1,510 400 
6th year 9,400 9,200 9,900 8,500 2,800 5,000 
7th year 19,700 13,200 18,700 18,000 5,700 9,400 

Weight of 
sample in dry 

matter (g) 
8th year 23,200 15,600 25,400 21,500 9,200 12,100 

5th year 5.10 13.10 6.30 9.70 3.02 7.50 
6th year 18.80 24.56 19.80 22.69 5.60 13.35 
7th year 39.40 35.24 37.40 48.06 11.40 25.09 

Dry matter yield 
(t.ha-1) 

8th year 46.40 41.65 50.80 57.40 18.40 32.30 
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Parameter average branch width was measured using forestry methods, e.g. in the 
1.3 m high of stand above ground level. There were founded relatively low data in this 
parameter, because in none case the value of 20 mm was overtaken in second harvest cycle. 
The highest values of the parameter were reached in every cultivars when basket willow is 
cultivated in stand organization B. The highest average branch width was obtained in the stand 
organization B while cultivar ULV was measured, 19.2 mm. 

As the most important parameter for evaluation of cultivation suitability of certain 
basket willow cultivar to the growing conditions, it could be taken the parameter: dry matter 
yield. This parameter can be divided to the total dry matter yield and dry matter yield in each 
experimental year. According to Jamriška (2001) the fast growing plants cultivated for energy 
use should fulfil next minimum requirements: fast growth (at least 0.5 – 1.0 m a year, better if 
it is more than 1.0 m) and high dry matter productivity (in more-year average minimum 8.0 – 
10.0 t.ha-1.year-1, better if it is > 10 t.ha-1.year-1). According to our results obtained from the 
second harvest cycle the investigated willow stand mostly corresponded to these requirements; 
however one of the growing cultivars did not fulfil the requirements. It was cultivar RAPP in 
stand organization A. This cultivar in the stand organization gave the average dry matter yield 
4.60 t.ha-1.year-1. In spite of it, the highest dry matter yield was given by cultivar ULV while 
cultivated in stand organization B (14.35 t.ha-1.year-1); then cultivar ULV, A (12.70 t.ha-1.year-

1); ORM, A (11.60 t.ha-1.year-1); ORM, B (10.41 t.ha-1.year-1). Cultivar RAPP can be added to 
the mentioned limit while cultivated in the stand organization B, where the production of dry 
matter was 8.08 t .ha-1.year-1. Habovštiak – Daniel (2001) reported that during a year it is 
possible to obtain the average dry matter yield of minimum 12.0 – 15.0 t.ha-1. This statement 
can be agreed only by the ULV cultivar, because while it was cultivated in both stand 
organizations it gave higher dry matter yield than 12.0 t.ha-1.year-1 (A: 12.70 and B: 14.35 t.ha-

1.year-1). 
 

CONCLUSIONS 
Fast growing basket willow (Salix viminalis L.) is cultivated at the Experimental Base 

in Dolna Malanta (Nitra district, Slovak Republic) from the year 1996. After 8 years of 
cultivation it is possible to say that this plant is suitable for cultivation as an energy crop. Stand 
gives expectations for yield investigation and evaluation in the following years. In the 
experiment, the influence of these factors on the yield of above ground biomass in dry matter 
was investigated: cultivar (ORM, RAPP, and ULV), stand organization (A – double rows = 
0.5 m x 0.75 m or 1.25 m; B = 0.5 m x 0.75 m) and the year of cultivation (2000 – 2003). 
These conclusions flow from the analysis of plant samples: 

1. Total high of the stand in 8th year of cultivation (2003) varied from 3.56 m 
(RAPP/A) to 4.38 m (ULV/B). The highest average branch length was measured 
while cultivation of ULV 4.23 m; then ORM 4.00 m and the lowest stand was 
recorded by cultivar RAPP 3.70 m. 

2. Average branch width on the basket willow varied from 14.5 mm RAPP/A to 
19.2 mm ULV/B. 

3. Dry matter yield varied in the relatively wide interval: from 18.4 (RAPP/A) to 
57.4 t.ha-1.year-1 (ULV/B). 

According to the results there can be determined an order of basket willow cultivars 
suitability to the growing conditions of south Slovakia region: 1. ULV (54.1 t.ha-1); 2. ORM 
(44.0 t.ha-1); 3. RAPP (25.4 t.ha-1). From the stand organization point of view better results 
were reached in B (43.8 t.ha-1) than in A (38.5 t.ha-1). 
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