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BREEDING and USE of the RUSSIAN WILLOWS

Introduction


Willows are very fast growing species and they are considered as most productivity trees of temperate climate. In young age same cultivars of willows grow faster then poplars (N. V. Starova, 1980). 


The production of different willow species has the various uses. The willows wood is used in cellulose, paper and package industry, for produce bend wares, receiving of biomass and energy and other directions. Twigs are used for produce the wicker articles (baskets, furniture, fish traps and so on). From bark and wood are extracted tannins which are used for dress skins and salicine which is used for production aspirin. The decorative forms of willows are used in designer plantations. Many species of willows are used for creation of ameliorative plantations (fixing of movement sands, purification of waste water, forestation of ravines, the banks of rivers, lakes and other reservoirs). 


All these and other properties make the willows very important and useful species. It is particular important to regions with cold climate such as North of Russia where another fast growing species are died from the frost.  So it is important to study the existing diversity between species and within species of willows in Russia and to select best forms for cultivation in cold region.

1.
General information

The general area of natural willow stands in Russia is about 5.3 million ha (Forest fund of Russia, 2003 - unpublished part). The area of tree like willow stands is 1 134.2 thousands ha. The shrubs like willow stands is 4 146.6 thousands ha.

The genera Salix consists of 3 subgenera and 26 sections. It contains 330-350 species; from them on the data À.Ê. Skvortsov (1968) in natural stands of Russia grows 135 species. 

The most widespread willows in Russia from a subgenus Salix are S. alba L., S. fragilis L., S. triandra L., S. pentandra L., S. babilonica L. etc. From a subgenus Vetrix (Caprisalix) - S. caprea L., S. myrsinifolia Salisb., S. cinerea L., S. viminalis L., S. schwerinii E. Wolf., S. dasyclados Wimm., S. acutifolia Willd., S. pupurea L., etc. From a subgenus Chamaetia - S. reticulata L., S. herbaceae L., S. retusa L., S. myrtilloides L., S. glauca L., S. polaris Whenb. etc. (A. K. Skvortsov, 1968; M. I. Nazarov, 1936; I. R. Morozov, 1966).

Mostly willows grow along coast of the rivers and reservoirs on rich alluvial soils with superfluous flowing humidification. The most widespread vegetative groupings, in which structure of a willow prevail, are: 

- the willows on bed-river, on coast of the rivers consisting mainly from withe     willows (S. viminalis L., S. acutifolia Willd., S. pupurea L. etc.), and also S. alba L.;

- the willows of central flood-lands, combined mainly from S. cinerea L.è S. alba L.;

 - the willows on low place bogs with predominance S. pentandra L. and S. lapponum L.;



 - the willows on peat bogs with S. aurita L.;

 - besides the willows quite often meet under flat of flood-land coniferous and broadleaves species, and also fir- broadleaves forests on waterless valleys (S. caprea L.).

The majority of willow stands well grows and outside the natural habitats (L. F. Pravdin, 1951). 

2.
The brief characteristics and use of some basic species of willows

S. alba L. The tree has 20-30 m of height and up to 3 m in a diameter, with hipped crown. It lives till 100 years and more. The white willow is distributed in natural stands almost on all Russia, except for boreal regions and east of Siberia. It has series of the forms:


- Salix alba f. pendula hort. - arbors with weeping crown. 


- Salix alba f. vitellina Stokes - yolk willow. 


- Salix alba f. vitellina pendula Rehd. - yolk willow with weeping crown. 

- Salix alba f. splendens Bray (var. argentea Wimm., var. regalis Anders.) - silvery willow.

- Salix alba f. coerulea Sym. (Salix ñoerulea Smith.) - blue-grey willow. 


- Salix alba f. ovalis Wimm. - form with oblong-elliptic leaves. 


- Salix alba f. vitellina britzensis Spaeth. - form with reddish sprout and twigs.

- Salix alba. f. populiforme Leveielle (Salix alba f. pyramidalis hort.) - form with pyramidal crown etc. (L.F. Pravdin, 1951; G.I. Anciferov, 1984). 

In forest deficit regions the white willow is object of the large economic value, due to speed of  body height. It is a honey plant. The cortex contains salicylate (4-5 %); tannins (up to 5 %); it is used for reception tannin extracts. The decoction of a cortex goes on coloring of silk, wool and kid-skin in reddish-brown color. From bast fibers of the bark it is produced cords and ropes. The wood goes on cold construction and is especially valuable to manufacturing arches, hoops, wash-tubs and other fine products. The species is propagated very widely, due to a combination of decorative and other beneficial properties. This willow is sensitive to frosts and is strongly damaged by hexapods.  The species is suitable for single planting, avenues, to plant round reservoirs, for crownless forestry on all Russia, except for Far North.

S. viminalis L. A bush 5-6 m, sometimes arbor 8-10 m in height. It is distributed almost on all Russia from forest-tundra up to desert-steppe zone. It grows extremely on coast of the rivers and on periodically flooded islands, where forms extensive heavy brakes. The withe is used for wicker-work. Many cultivars and forms are breeding. The bark contains 6-14 % tannins; it is used also on a fibre. In green construction is applied in hedges and in curtains on coast of reservoirs.

S. acutifolia Willd. An arbor till 10-12 in height. It is distributed from forest-tundra up to Caucasus in European Russia, in Western and East Siberia. The branches and roots which achieve 10-15 m of length are used for wicker-work. It is frost resistance and heat resistance. It is classical species for fastening loose sand.

S. pupurea L. A bush with thin branches, height 2-4 m. It is lived till 30 years. It is distributed from Baltic Sea up to Far East. It gives a flexible rods used for thin wicker-work. the bark contains 0.6-1.5 % of salicylate and 2-7 % of tannins.

S. lapponum L. A bush up to 1-1.5 m in height. It is distributed in forest and forest-tundra zone of Eurasia. It grows on crude wetlands, on forest edges, on peat bogs, more often single bushes, sometimes it forms continuous brakes.

The buds serve the basic forage for the ptarmigans; it is a honey plant; the cortex contains 9-14 % of tannins. The leaves are decorative. It is recommended for group planting and borders.

S. aurita L. A bush 0.5-2.0 m in height. It is distributed in European Russia up to Volga. It is grows on herbaceous moors, among deciduous mixed forests. It is honey plant. The bark contains 11-15 % of tannins. It can be used in planting on damp swamping places and for planting along of canals.

S. caprea L. An arbor till 6-10 m in height and up to 75 cm in a diameter, sometimes treelike bush. The specious is distributed in Europe, except for tundra and Alpine zone. It is grows individual on slopes, on edge, among bushes; it is individual grows in riverside fir-forests and less often in Piceetum myrtillosum, and also in broadleaved forests. It is honey plant. The bark contains on the average 16.5 % of tannins; in some cases even 21 %. It is used for reception of tannins. From a bark it is produced a black paint. The rods are unsuitable for wicker-work. The wood is used for cold constructions and for hand-made articles. It can be used for manufacture of cellulose. It has series of the decorative forms.

3.
Collections of willows in botanical gardens and other institutions of Russia

The approximately data of different collection of Russia after destroying of Soviet Union are shown in table 1.  As it can see in these collections are contained more than 200 species and cultivars of willows. These patterns were collection practically from all area former USSR. 

Table 1. 

The willow collections on some botanical gardens and other institutions of Russia

Names of institutions
Number of taxones of willows
Literature citied

BG of Ural Division of Russian Science Academy (RSA)
147
I. V. Belyaeva a. o. (2006)

Forest-steppe Experimental Breeding Station (Lipetsk region)
66
A. A. Prokhorov (2004)

Central Siberia BG (Novosibirsk)
66
-"-

BG of Petrozavodsk State University
57
-"-

Main BG RSA (Moscow)
53
-"-

BG of Bashkirian Scientific Centre of RSA (Ufa)
37
-"-

BG of Moscow State University (Moscow)
36
-"-

BG of Nizhni Novgorod State University (N. Novgorod)
31
-"-

Arboretum of Agrarian Problems Institute of Chakassia (Abaza)
30
-"-

Research Institute of Forest Genetics and Breeding (Voronezh)
68
Information of institute researchers

Zheleznogorsky forestry district (Kursk region) 
26
A. I. Obydennikov (privet information, 2006)

Petrozavodsk forestry district (Republic Karelia)
6
Inventory data, 2006


For examples the collection of  the Research Institute of Forest Genetics and Breeding (Voronezh) created in 1972-1975 from patterns received from 18 regions: Voronezh region (8 patterns), Forest-steppe Experimental Breeding Station -Lipetsk region (18), Main BG RSA - Moscow (8), All Union Researchers Institute of Forestry - Puschkino Moscow region (4),  BG of Moscow State University -Moscow (4), Middle Asia Research Institute of Forestry - Tashkent (6),  BG of Ural Division of Russian Science Academy - Yekaterinburg (2), Far East (4), Central Siberia BG - Novosibirsk (2), Tadzhikistan (2), Krasnoyarsk region (2), Lvov - Ukraine (2). Beside that on 1 pattern was received from Kasimov (Rjazansky region), Mukachev (West Ukraine), Ufa (Bashkortostan), Omsk (West Siberia), Kaunas (Lithuania), and Samarkand (Uzbekistan).


But many of created early collections need checked on nature. Some of collections aren't presents in table 1. For examples, there aren't the collections of Saint-Petersburg. So it is need to carry out the work on registration of willow gene pool ex situ in future.

4.
Breeding of willows 

The basic directions of breeding of willows in Russia are the following:

· 
 Straightness of a trunk and productivity at treelike willows;

· 
 Augmentation of a biomass from unit of the area;

· 
 Quality of a rod (length, flexibility, viscosity etc.) for wicker-work;

· 
 The contents and adequate quality of tannin;

· 
 Decorative properties of plants;

· 
 Frost resistance of different selected forms.

On each of these directions the results are received which can be used at the enterprises engaged in a reproduction and cultivation of willows (V. N. Suckatschev, 1934, 1939; L. F. Pravdin, 1952; G. I. Anciferov, 1984; V. I. Schaburov, 1970; A. I. Sidorov, 1978; N. V. Starova, 1980; V. V. Chumakov, 1989, 1991; V. V. Chumakov & E. V. Berdnikova, 1997; M. M. Veresin  a. al., 1974; A. P. Tsarev, 2005; A. P. Tsarev a. o., 2003,  etc.). At breeding were used as the basic methods the selection and hybridization. Besides, the researches on application of inducing mutagenesis methods were carried out, which was started by V. N. Suckatschev (1934).  Some results of selection of willow are given in table 2.  

On figures in table 2 it is shown that biomass of 1-yearic willow rods is wavers by different clones and cultivar from 19.8 to 55.6 t/ha. The content of cellulose in willows rods is 32-44 %. The content of tannin in wood (with bark) of 1-yearige rods of some willows is fluctuated from 2.0 to 10.0 %. The contents of nourish elements is waved from 0.74 to 0.83 forage units in absolute dry mass. The contents of raw proteins are fluctuated from 10.4 to 17.5 %.

Table 2. 

Some indexes of growth and quality in 1-yearige rods of selected willows in Research Institute Forest Genetics and Breeding

[Semiluksky arboretum of Voronezh region (51°30' NL, 39° EL), tschernozem, forest site type D2, age of root systems 8-12 year]

(by V. V. Chumakov & E.V. Berdnikova, 1997)

Cultivars and species
Length of rods, m
Biomass of above ground parts of plants, t/ha
Contents of  substances, %




in rods
in lives




tannin, % 
cellulose,%
nourish elements (1) 
raw protein 

Voronezhskaja-1 
2.0
24.6
10.0
49.9
0.83
12.5

Voronezhskaja-2 
1.8
23.1
8.8
47.2
0.79
11.8

Amgunskaja 
3.5
55.6
4.3
31.6
0.75
17.5

Donskaja 
2.5
36.0
2.0
37.4
0.78
13.6

Rossijskaja 
2.5
43.1
6.0
43.6
0.78
11.8

Veduzhskaja
2.5
38.7
5.3
33.7
0.77
13.2

S. dasyclados
2.1
38.5
3.7
43.2
0.75
12.9

S. caprea
1.5
32.2
5.1
42.5
0.79
13.8

S. pentandra
1.8
23.7
6.4
37.4
0.78
11.8

S. fragilis
1.4
19.8
2.0
42.2
0.77
10.4

Hybrid of V. I. Schaburov (S. schwerinii x S. dasyclados)
2.6
37.6
2.3
39.8
0.74
12.1

(1) Forage units in absolute dry mass.

Frost resistant of some fast growing willow clones were studied in Voronezh region and Republics of Karelia. The clones of S. viminalis, S. schwerinii, S. pentandra, S. purpurea, S. caprea, S. dasyclados, S. acutifolia, S. triandra, and other willows were practically frost resistant.

Conclusion

The willows are one of fast-growing species of a moderate zone. They distinguish very fast growth and during the separate periods of the life they can surpass on speed of growth even the poplars.

Except for speed of accumulation of wood the willow distinguish other useful qualities. They can deliver natural tannins for tan of leather and the medical purposes, they are used for manufacture of wicker products, and their wood is used in a pulp and paper industry. Willows are applied at creation of the specialized target plantations to manufacture of a biomass, energy, and salicylate. They are used in ameliorative and decorative plantings.

Except for use of a high-quality material it is necessary to apply to reception of the greatest economic effect in each concrete case adequate technology. It will allow lifting considerably efficiency of cultivation of these valuable species as a whole.


The Russia has huge area of natural willow stands with many species. The best selected and received forms and cultivars of willows in Russia are frost resistant and high productive. They can be used in special plantations for receiving biomass, wood, tannins, withes and use in decorative and protective stands.


For more effective use of different willow species, cultivars, forms, hybrids and clones it is need to carry out the work on registration of willow gene pool ex situ in nearest future.
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