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VARIATION OF WOOD DENSITY AND FIBRE LENGTH IN 
SIX WILLOW CLONES (SALIX SPP.)

Silvia Monteoliva1, Gabriela Senisterra2 & Raúl Marlats2,3

SUMMARY

The variability of wood basic density and fibre length was determined in 
six 13-year-old willow clones growing under two different site conditions 
in Argentina. Values of basic density and wood fibre length were obtained 
and variance analyses were performed considering site and clone as 
sources of variation. Components of genetic and phenotypic variations 
were determined to calculate heritability in the broad sense. Site influence 
was significant for basic density, which ranged from 0.364 kg/dm3 and 
0.455 kg/dm3. Clones “americano” and hybrid cv “A 13-44” showed the 
highest density values in both sites. For fibre length, values of the conti-
nental site were significantly higher. For each clone, mean values vary 
between 837.1 μm and 1142.1 μm. Heritability values show that the ge-
netic control is stronger for density (h2 = 0.65) than for fibre length (h2 = 
0.32). The clones “americano” and “13-44” stand out because of their 
high density and long fibres.

Key words: Salix spp., clones, site variation , heritability, wood density, 
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INTRODUCTION

Species of the genus Salix (willows) have among their advantages two remarkable 
characteristics that promote their cultivation. One of them is that they are adapted to 
thrive in flooding environments, and the other is their easy vegetative propagation. 
The region called “Delta del Paraná”, Argentina is the largest area of the world with 
planted clones of the genus Salix. Wood produced from willow is an essential supply 
for the largest newsprint mill in the country.
    The genetic programmes concerning willows investigate how to maintain their wide 
range of adaptability to different environmental conditions, while simultaneously im-
proving wood quality, specifically wood density and fibre length.
    Wood basic density is considered one of the most important features in genetic im-
provement programmes (Zobel & Talbert 1988) and is one of the most often studied 
wood quality traits (Bonavia de Guth 1981; Carrizo et al. 1997; Downes et al. 1997; 
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Peszlen 1998). It is a complex feature influenced by cell wall thickness, the proportion 
of the different kind of tissues, and the percentages of lignin, cellulose and extractives 
(Valente et al. 1992). Both wood density and fibre length determine whether the qual-
ity of raw material is suitable for a specific use in the paper industry. Fibre length also 
has impacts on paper characteristics, such as strength, optical properties and surface 
quality.
    References on these two variables concerning their heritability in the genus Salix 
are scarce. However, data for the related genus Populus (both members of the family 
Salicaceae) are presented by Yanchuk et al. (1984) and Peszlen (1998). They calculated 
heritabilities for density and fibre length and established proportions of genetic control 
on both parameters.
    Knowledge of the genetic and environmental variation present in forest stands al-
lows the development of adequate strategies for the selection of superior genotypes. A 
higher variability also permits a higher gain obtained by selection.
    Before expanding the cultivation area of willows it is necessary to assess if values 
of wood characteristics are maintained in new environments. It is known that site 
influences growth in height, diameter, and yield of plantations, but the impacts of site 
on wood quality has not been well studied.
    For the most cultivated clones of Salix in Delta del Río Paraná, Argentina, partial 
estimations of density and fibre morphology have been performed (Bonavía de Guth 
1980, 1981; Bonavía de Guth & Piussan 1987). Only for Salix nigra several sites have 
been studied (Bonavía de Guth 1984).

The aim of the present work was to determine the variability of wood basic density 
and fibre length in six willow clones (Salix spp.), growing under two different site con-
ditions.

MATERIALS  AND  METHODS

Site characterisation
    Wood samples of willow clones were obtained from two sites:

Site 1) Continental: Estación Experimental Julio Hirschhorn, Facultad de Ciencias Agrarias 
y Forestales, Universidad Nacional de La Plata (34° 55' S; 57° 57' W; elevation 5 m asl), 
Los Hornos, Buenos Aires, Argentina. Soils are characteristic of the centre-east of the 
province, identified as argiudoll typical, fine, illitic, termic; normal relief. Climate: mean 
maximum temperature is 22.6 °C, mean minimum temperature 10.2 °C, absolute maxi-
mum temperature 42.7 °C (December) and absolute minimum temperature -5.7 °C (June). 
Annual precipitation value is 1100 mm, with an isohydric regime.

Site 2) Delta Medio del Río Paraná: Establecimiento Las Animas, Villa Paranacito, Entre 
Ríos, Argentina (33° 45' and 33° 26' S; 59° 01' W). Hydracuent systematised soils of the 
south of the province of Entre Ríos, with flood control dams. Floods are recurrent events 
causing long periods of inundation. Climate: mean maximum tem-perature is 24.5 °C, 
mean minimum temperature 9.2 °C, absolute maximum temperature 40 °C (December), 
and absolute minimum temperature -5 °C (June). The value of mean precipitation is 978 mm, 
with an isohydric regime.
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Samples were extracted from six 13-year-old clones, planted at a density of 1111 
plants / hectare (spacing: 3 × 3 m).

Parental characterisation of evaluated clones (Table 1)

Table 1. Studied clones, parental origins and provenances.

  Clones Parental origin Provenance

  “americano” Salix babylonica var. sacramenta Russia
  Hybrid cv “A 131-25” Salix babylonica × Salix alba INTA Castelar, Argentina
  Hybrid cv “A 131-27” Salix babylonica × Salix alba INTA Castelar, Argentina
  Hybrid cv “A 13-44” Salix matsudana × Salix alba INTA Castelar, Argentina
  Hybrid cv “NZ 26992” Salix matsudana × Salix alba New Zealand
  Hybrid cv “A 250-33” Salix babylonica × Salix alba INTA Castelar, Argentina

Determination of wood basic density (kg/dm3) and fibre length (µm)
    Five trees per clone and site, with undamaged wood, were selected. Border trees 
were avoided. Two samples/tree at breast height (1.30 m) were extracted. One was used 
to determine density and the other one to carry out fibre length measurements.
    Basic density was determined after TAPPI standard Nº 258-om-94 (Technical As-
sociation of the Pulp and Paper Industry), calculating the ratio between dry weight of 
the sample and saturated volume in complete discs, after removal of their bark.
    For fibre length characterisation, samples located on the northern radius correspond-
ing to three radial positions (inner, intermediate and outer) were obtained. Prior to meas-
urement, material was dissociated using Franklinʼs maceration technique (1938), and 
then 30 fibres per position were measured using an Olympus microscope with image 
analyser.

Table 2. Expected mean squares.

      Source of variation Degrees of freedom Expected mean squares
 

         c
      Clones c-1 σ2 + tσ2cs + st ΣC2
            i      i

      Sites s-1 σ2 + ctσ2s

      Clone × site (c-1)(s-1) σ2 + tσ2cs

      Error cs (t-1) σ2  

c = number of clones; s = number of sites; t = numbers of ramets per clone per site; σ2c = vari-
ance due to difference between clones; σ2s = variance due to difference between sites; σ2cs = 
variance due to the interaction of clones and sites; σ2 = variance of error.
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Statistical analysis
    Variance analysis was carried out with site and clone as sources of variation (Table 2). 
When significant differences were detected, Tukeyʼs test of comparison of mean values 
was applied.
    After the analysis of variance of the data, components of phenotypic and genetic vari-
ance were determined in order to calculate the heritability in the broad sense for both 
sites using the following expression:
               Vg               Vg
    h2  =  ___  =  ____________
               Vp       Vg +Vga + Ve
where:
    h2 = heritability in the broad sense
    Vg = genetic variance
    Vp = phenotypic variance
    Vga = variance of the interaction of genotypes with the environments
    Ve = variance of error

The following model was employed (genotypes were considered as fixed effects and 
sites as randomised effects):
    Yijk = μ + Ci +Sj + CSij + eijk
    Yijk  = phenotypic value
    μ = general mean value
    Ci = effect of clone
    Sj = effect of site
    CSij = effect of the interaction of clone and site
    eijk = experimental error associated to the kth tree of clone i in the site j

RESULTS  AND  DISCUSSION

Basic density and fibre length
    Tables 3 and 4 present results of the analysis of variance for individual tree data. Sig-
nificant differences were found between clones and sites. Interactions between sources 
of variation were not significant. Bonavía de Guth (1984) determined significant differ-
ences in average density in different sites for Salix nigra. In contrast, Peszlen (1998) 
did not detect differences for density in three clones of the genus Populus planted in 
two sites in Hungary.
    Table 5 indicates that clones 26992, 131-25, 131-27 and 250-33 belong to a sub-
group of lower density without significant differences among them. Clones 13-44 and 
“americano” correspond to the higher density range in both sites.
    Basic density values between 0.364 kg/dm3 and 0.455 kg/dm3 were found in this 
study. The range of variation between clones agrees with that observed in previous stud-
ies carried out in the country (Bonavía de Guth & Ragonese 1980; Bonavía de Guth1982; 
Piussan et al. 1990).
    Mean fibre length values for each clone vary between 837 μm and 1142 μm. For 
pulp and paper production, species with higher lengths are preferred since a better fibre 
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net is achieved, resulting in a higher resistance of the paper. This is the reason why 
clones with fibres longer than one millimetre like “americano”, 131-25 and 250-33 are 
preferred. It is interesting that “americano” is the only clone that overcomes the mil-
limetre limit at both sites in agreement with values reported by Bonavía de Guth and 
Ragonese (1981), Bonavía de Guth (1987), García Volonté (1989), and Monteoliva 
et al. (2002).
    The site of plantation influenced all the clones. Values were significantly higher in 
the continental site (Los Hornos), except for clone “americano” that showed a lower 
length in that site. However, it maintained its superiority in respect the other tested 
clones.

Table 3. Analysis of variance for wood basic density in both sites.

      Source of variation Degrees of freedom Mean squares       F
 

      Clones   5 0.00784 28.43**
      Site   1 0.00592 13.66**
      Clone × site   5 0.00028 0.636 ns
      Residual 48 0.00043

Table 4. Analysis of variance for fibre length in both sites.

      Source of variation Degrees of freedom Mean squares       F
 

      Clones   5 63991.5 4.82**
      Site   1 34336.6 4.13**
      Clone × site   5 13269.0 1.59 ns
      Residual 48 8314.48

Table 5. Clone × site comparison of wood basic densities and fibre length Tukeyʼs test for 
α ± 0.05.

 Density (kg/dm3) Fibre length (μm) __________________________________ __________________________________
 Clone  Los Homos Las Animas Clone Los Homos Las Animas

 26992 0.364 a 0.379 a 26992   875 a   837 a
 131-25 0.371 ab 0.377 a 13-44   959 b   881 b
 131-27 0.375 ab 0.405 b 131-27   988 c   888 b
 250-33 0.384 ab 0.395 ab 250-33 1008 cd   979 bc
 americano 0.405 bc 0.437 c 131-25 1023 d   909 b
 13-44 0.431 c 0.455 c americano 1056 e 1142d

Same letter group treatments without significant differences.
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Heritability of the studied features
    Heritability in the broad sense is defined as the ratio of total genetic variance to phe-
notypic variance. The most important function of this parameter is its predictive role. 
Since this study considers six clones only, the results should be interpreted with caution 
due to the small sample size.
    An estimate of h2 = 0.65 was obtained for wood basic density and 0.32 for fibre length. 
In other studies, Peszlen (1998) found a heritability of 0.51 for basic density in three 
Populus clones planted in Hungary. Yanchuk et al. (1984) determined heritabilities of 
0.35 for density and 0.43 for fibre length in populations of Populus tremuloides. They 
emphasised that both these traits were under a moderate genetic control.
    In view of the multipurpose role of Salix species, the possibilities of increasing 
the cultivation area to provide raw material for the paper industry requires a deeper 
knowledge of their genetics.
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