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Abstract       At the beginning of the third millennium, the population on Earth 
is facing a few major problems: the energetic crisis, the problem of stoping the 
degradation of land and the problem of environmental pollution, the climate 
changes, etc. 

The need of development of the energy system, the increased 
consuption of energy, the depletion of fossil fuels, the environmental pollution, 
etc., motivated states across the Globe to make major investments in 
research and development of unconventional energy systems such as: 

- Solar energy 
- Geothermal energy 
- Wind energy 
- Tidal energy 
- Biomass energy 

From all these unconventional types of energy, we will focus on production of 
biomass from domestic species and hybrids of the Salix genus.   
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The aim of the experiment is establishing a 

willow forest energy culture (renewable energy source) 

having in-within similar soil and climatic conditions, 

with the purpose of verifying the resistance and 

adaptation of species and varieties of fast-growing 

trees and shrubs, located in Southern Timis County, 

conducting dendrometric measurements for identifying 

the most productive and efficient varieties of willow. 

Another goal is to present and demonstrate the 

functionality and usefulness of the proposed solution, 

in order to promote the biomass energy crops in/from 

Romania. 

Finally, another aim is integrating the results 

obtained and demonstrate the feasibility and usefulness 

of the proposed solution, in order to promote large-

scale forest energy crops as renewable energy resource. 

 

Material and Method 

 
The experiment from Ghilat (Timis County, 

Romania) was developed using the „latin rectangle‟ 

experimental design method.  

This method was ellaborated by Mudra (1958) in 

order to enable the grouping of variants in two 

directions, which ensures high precision in the case of 

experiments with a large number of variants. 

The planting material used for setting up the 

experimental group originates from Hungary, Sweden 

and spontaneous flora of the county of Timis.  

Planting was done using stem cuttings of 20 cm 

length, with a diameter between 1-2 cm.  

Planting was done manually using planter tools. 

 

Experiment settling in random blocks (Ciulca 2006) 

 The method of random blocks has the 

following characteristics: 

- each block (b) integrates all the variants, therefore the 

block coincides with one repetition, the number of 

repetitions (n) is equal to the number of blocks (b=n); 

- the variants are randomly placed, except thi first 

repetition (block), which is systematically placed; 

- the method needs that the soil conditions within the 

block (repetition) are as uniform as possible. 

 

Experiment settling in ‘latin rectangle’ (Ciulca 

2006) 

In contrast to the „latin square‟ method, the 

experiment settling in „latin rectangle‟ allows the 

increasing of the variants to a maximum of 30; the 

„latin rectangle‟ integrates completed blocks and 

columns which respectively integrate all the 

experimental variants. The columns don‟t have all the 

variants placed in a single row such as in the „latin 

square‟, but on 2-5 sub-columns which, together, form 

a complete column. This way, at the same number of 

variants, the number of repetitions could be 2-4 smaller 

than in the „latin square‟. 
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The caracteristics of experiment settling by ‘latin 

rectangle’ method are the following (Ciulca 2006): 

- the number of the variants must be divisible both by 

the number of repetitions and the number of sub-

columns; 

- the number of columns is equal to the number of 

blocks and therefore to the number of repetitions;  

- each variant is represented once in each column and 

in each block. Therefore, the blocks and the columns 

form coplete repetitions;  

 - the planning of parcells placement in the foeld must 

be randomized. This is accomplished through separate 

randomizing of the blocks and columns on the base 

planning.

 

 

                 I                             II                           III                            IV 
 

 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 I 

    

8 13 9 14 1 10 12 4 3 15 7 16 11 6 5 2 II 

    

5 10 16 6 15 3 11 9 13 4 2 14 1 8 7 12 III 

    

7 11 15 12 2 14 13 16 8 5 1 6 3 9 4 10 IV 

Fig. 1. The settling of the experiment by „latin rectangle‟ method 
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Fig. 2. Detail of the variant 

 

 

The planting was undertaken using the following 

scheme: 

- Distance between rows – 0.70 m; 

- Distance between plants on the same row – 0.70 

m 

- Distance between variants –0.80 m 

- Distance between repetitions –1.5 m 

- They were planted 12 cuttings/variant of 6 

cuttings/row.  

 

The species/hybrids involved in this research: 
1 - INGER (provenance – Hungary, the second 

year of use in Romania, not harvested in the 

first year) 

2 - INGER (provenance – Hungary, the second 

year of use in Romania, harvested in the first 

year) 

3 - INGER (provenance – Hungary,  the first 

year of use in Romania) 

4 - INGER (provenance – Sweden,  the first 

year of use in Romania) 

5 - STINA  

6 - GUDRUN  

7 - KLARA  

8 - SVEN 

9 - OLOF 

10 – TORA 

11 – TORDIS 

12 – Salix viminalis - wicker 

13 – Salix alba – white willow 

14 – Salix fragilis – cracking willow 

15 –Salix caprea – goat willow 

16 –Salix tortuosa – curled willow 

 

Presentation of the planting material (Netoiu et al. 

2008, Donita et al. 2006) 

 Salix  viminalis – wicker Shrub species, up to 

6 m tall, stalks are very long, straight, very flexible, 

greenish or brown to yellow, grey, pubescent in the 

beginning. The buds are not uniform in size, white-

hairy, having obtuse tip, frequently curved, compressed 

on the stalk, sometimes in groups of two above the leaf 

scar. 
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 Salix alba – white willow Dioic tree that 

grows up to 20 m in height, having irregular crown, 

crooked stem and thin stalks, very flexible, green-

yellow coloured. The young bark is smooth, grey-green 

and forms at young ages thick rhytidom, brown-grey, 

which could be easely removed. 

 Salix fragilis – cracking willow Grows as 

high as 20 m. Stalks are relatively thick, greenish to 

brown-green, glabrous, shining, break easily, snapped 

on the branch insertion. Buds light brown towards the 

base, blackish at the tip, obtuse or nearly sharp, placed 

stitched to the stalks on prominences. 

 Salix caprea – goat’s willow It is a shrub or 

small tree (up to 10 m height) with crooked stem and 

smooth bark when young, gray-green, then thin 

rhytidom, irregulary split in places.Stalksi are reddish-

brown or greenish-yellow, only gray-hairy when 

young, then glabrous, shining. 

 Salix matsudana tortuosa – curled willow  
Very attractive tree with its branches and offshoots 

strong and curled. The leaves are curled also. Grows 

fast, prefers moist soils, but is doing well also on dry 

soils. 

 

Hybrids: 

 Inger (Salix triandra x Salix viminalis) Inger 

is a cross between a Russian clone of Siberia and the 

Jorr species. This species is more tolerant to dry soil 

conditions than other varieties. Inger is a good mix 

species in mixed plantations because it has has a 

genetic background different from many other species. 

EU 11635 

 Gudrun (Salix dasyclados) is a hybrid 

between the Russian species Helga and clone Langa 

Veka Rod from Sweden. This species is very tolerant 

to frost and resist pests (defoliators). Gudrun has a low 

moisture content in harvested wood. This species has 

large leaves and a dense canopy. EU9312 

 Sven (Salix viminalis x (Salix schwerinii x 

Salix viminalis)). Sven is a cross between species 

Jorunn and Bjorn. It has lanceolate leaves and straight 

stem with a few branches as the Tora clone. This 

species has a high efficiency, being resistant to as leaf 

rust disease. EU5285 

 Olof ( Salix viminalis x (Salix schwerinii x 

Salix viminalis)). Olof is a hybrid cross between the 

old species Bowles and Bjorn. Leaves are lanceolate, 

the stem is straight, and it has only several branches, 

like the Tora clone. This species is somewhat 

branched, sometimes has a very high yield and good 

resistance to leaf rust  EU6036 

 Tora ( Salix schwerinii x Salix viminalis). 

Tora comes from a cross between a Siberian willow 

type and SW-Orm species. The species has long 

branches, but the number of stems is smaller compared 

to other species. This species has the highest yield 

compared to all species available to date. It is resistant 

to leaf rust disease and the attacks of insects are less 

frequent. EU0627 

 Tordis (( Salix schwerinii x  Salix viminalis)  

x Salix viminalis). It's a cross between species Tora 

and ULV. It has high yield and it is leaf rust resistant. 

Tordis seems to be one of the best species for both 

biomass production and cuttings production. EU9288 

 Klara is one of the newest hybrids and 

combines high yield and frost resistance EU21757 

 

 

Results and Discussions 

Table 1 

The heights measured,  cm 

 
Inger 

H 

Inger 

H 

Inger 

H 

Inger 

S 

Stina Gudrun  Klara  Sven  Olof  Tora  Tordis Salix 

alba 

Salix 

fragilis 

Salix 

tortuosa  

I II  IA                       

73 - 118 117 80 33 - 95 85 80 95 20 46 71 

58 82 127 93 82 38 94 122 77 43 80 - 58 170 

66 65 88 36 81 31 56 115 81 133 63 - 34 104 

71 84 55 75 84 39 71 65 75 60 97 - 23 122 

- 35 81 115 72 80 9 38 66 134 68 12 50 102 

83 46 117 105 80 51 74 - 29 122 72 - 62 101 

115 55 157 85 95 29 116 38 102 87 62 45 54 93 

75 108 133 123 113 91 150 56 78 62 78 65 47 113 

62 - 101 77 87 18 101 90 117 128 61 27 28 104 

104 72 106 77 112 30 87 44 117 108 127 20 30 130 

- 78 100 133 87 69 31 - 104 57 103 22 26 114 

118 152 48 164 64 70 48 - 97 104 69 - 53 78 
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Fig. 3. Variation of the heights of the first 10 species 

 

Table 2 

The diameters measured, cm: 

 
Inger 

H I 

Inger 

H II 

Inger 

H IA 

Inger 

S 

Stina Gudrun  Klara  Sven  Olof  Tora  Tordis Salix 

alba 

Salix 

fragilis 

Salix 

tortuosa 

0.72 - 0.91 0.8 1.19 0.45 - 0.65 0.73 0.75 0.77 0.39 0.62 0.73 

0.5 0.65 0.75 0.92 0.66 0.66 0.78 0.87 0.74 0.56 0.7 - 0.72 1.11 

0.5 0.55 0.55 0.4 0.74 0.43 0.49 0.75 0.64 1.24 0.68 - 0.43 0.96 

0.55 0.5 0.38 0.67 0.81 0.58 0.66 0.68 1.02 0.57 0.88 - 0.27 0.83 

- 0.33 0.63 0.82 0.91 0.83 0.31 0.36 0.62 1.25 0.64 0.24 0.46 0.69 

0.74 0.43 0.86 0.87 0.84 0.8 0.72 - 0.55 0.88 0.7 - 0.49 0.9 

0.76 0.59 1.08 0.58 0.83 0.43 1.12 0.32 0.77 0.98 0.66 0.34 0.42 1.22 

0.65 0.71 1.03 1.11 1.02 0.64 1.05 0.38 0.91 0.83 0.62 0.6 0.47 0.97 

0.5 - 0.92 0.81 0.88 0.24 0.88 0.76 0.83 0.94 0.68 0.29 0.32 0.79 

0.94 0.6 0.7 0.68 1.22 0.48 0.7 0.43 0.85 0.9 0.86 0.15 0.48 0.85 

- 0.65 0.64 1.1 0.9 0.65 0.36 - 0.85 0.61 0.83 0.24 0.35 1.02 

0.76 0.99 0.43 1.33 0.64 0.86 0.52 - 0.96 0.94 0.71 - 0.4 0.68 

 

 

 
Fig. 4. Variation of the diameters of the first 10 species 
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Conclusions 
 

The average height increment within the experiment is 

77.50 cm, varying from a minimum (mean) of 30.14 of 

Salix alba to the maximum (mean) of 108.50 cm of 

Salix matsudana tortuosa. The absolute minimum 

height increment is represented by Klara with a value 

of 9.00 cm, and the absolute maximum increment is 

represented by Salix tortuosa matsudana with a value 

of 180.00 cm. The smallest variation of increments is 

represented by Stina with a standard deviation of 

14.41, while the largest variation is represented by 

Klara with 39.84 (Table 3.)

 

 

Table 3 

Statistical indicators of heights 

  

Inger 
H 

Inger 
H 

Inger 
H 

Inger 
S 

Stina Gudrun  Klara  Sven  Olof  Tora  Tordis Salix 
alba 

Salix 
fragilis 

Salix 
tortuosa  

  I II  IA                       

Average 82.50 77.70 102.58 100.00 86.42 48.25 76.09 73.67 85.67 93.17 81.25 30.14 42.58 108.50 

Min 58.00 35.00 48.00 36.00 64.00 18.00 9.00 38.00 29.00 43.00 61.00 12.00 23.00 71.00 

Max 118.00 152.00 157.00 164.00 113.00 91.00 150.00 122.00 117.00 134.00 127.00 65.00 62.00 170.00 

StdDev 21.99 33.39 31.44 33.45 14.41 23.52 39.84 32.75 24.43 32.67 20.32 18.47 13.63 25.57 

 

The average diameter increment of the whole 

experiment is 0.69 cm, varying from a minimum 

(mean) of 0.32 of Salix alba to the maximum (mean) of 

0.90 cm of Salix matsudana tortuosa. The absolute 

minimum diameter increment is represented by Salix 

alba with a value of 0.15 cm, and the absolute 

maximum increment is represented by Inger with a 

value of 1.33 cm. The smallest variation of increments 

is represented by Tordis with a standard deviation of 

0.09, while the largest variation is represented by Klara 

with 0.26 (Table 4).

 

Table 4 

Statistical indicators of diameters 

  

Inger 

H I 

Inger 

H II 

Inger 

H IA 

Inger 

S 

Stina Gudrun  Klara  Sven  Olof  Tora  Tordis Salix 

alba 

Salix 

fragilis 

Salix 

tortuosa 

Average 0.66 0.60 0.74 0.84 0.89 0.59 0.69 0.58 0.79 0.87 0.73 0.32 0.45 0.90 

Min 0.50 0.33 0.38 0.40 0.64 0.24 0.31 0.32 0.55 0.56 0.62 0.15 0.27 0.68 

Max 0.94 0.99 1.08 1.33 1.22 0.86 1.12 0.87 1.02 1.25 0.88 0.60 0.72 1.22 

StdDev 0.15 0.18 0.23 0.25 0.18 0.19 0.26 0.21 0.14 0.23 0.09 0.15 0.12 0.17 

 

The poorest results in productivity are shown by the 

indigenuous Salix alba, while the most variability in 

growth is shown by the hybrid Klara, both in height 

and diamater increments.  

Although most of the studied hybrids are developing 

well, some of them are remarkable by productivity 

within the experiment carried out: Inger, Stina, Olof, 

Tora, Tordis, and also Salix matsudana tortuosa. All 

these hybrids are very valuable for cultivation in the 

particular soil and climate conditions of the Timis 

County, Western Romania. 
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