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Abstract       The study of energy crops is of particular interest for the 
production of biomass and recovery of the land with lower productivity index 
to be used for agricultural or horticultural crop field. This study evaluated the 
variation of physiological indices (chlorophyll - Chl, fresh material - Fm; dry 
matter - DM; ratio Dm / Fm) in four energy willow biotypes (Ester - C1, Estelle 
- C2; Bjorn - C3; Wilhelm - C4 ). ANOVA highlighted the source of variance in 
experimental data statistically significant (F> F crit p << 0001). Based on 
physiological indices, energy willow clones studied showed different degrees 
of variability, as evidenced by the coefficient of variation (CV). The correlation 
analysis highlighted very high correlations between Fm and Dm (r = 0.938) 
and high correlations between the Dm / Fm ratio and the chlorophyll content (r 
= 0.864) and low correlations with the other indices. The interdependence of 
Dm relative to Fm was described by a 2-order polynomial equation statistically 
significant (R

2
 = 0.869; p < 0.0001). PCA analysis facilitated associative 

distribution of clones with studied physiological indices: clone C1 was 
associated with the Chl index and Fm / Dm ratio, clone C4 with Fm and Dm 
indices, and the other two had an intermediate position. Research results 
allow characterization of the studied clones in terms of photosynthetic 
physiological capacity based on the content of photosynthetic pigments, dry 
matter production and exploitation efficiency in the of biomass production.   
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The energy issue and in particular renewable 

energy is a matter of great interest for both research 

and development policies of different national and 

transnational structures. Among the types of renewable 

energy (biomass, geothermal, hydropower, solar and 

wind), biomass is the most studied, followed by solar 

and wind energy, which is reflected both by the 

number of publications and by the geographic 

distribution of the researchers interests [16].  

Willow and poplar are two of the biomass 

crops of high interest in renewable energies [8].  

Within energy crops, Salix species are characterized by 

high ecological plasticity, given by particular 

physiological adaptations for different pedoclimatic 

areas. This makes the economic importance of willow 

growing among the cultivated species for the biomass 

production [15]. Besides the interest in producing 

biomass, the energy willow has a multifunctional role 

and can be cultivated for bioengineering, 

phytoremediation, ecosystems restoration [1, 2, 5, 6, 

15].   

Productivity of biomass in energy willow 

depends primarily on genetic factors specific to the 

biological material. Studies in the Salix viminalis 

species, on energy genotypes have highlighted the 

importance of leaf size and steam diameter in increased 

biomass production [10]. Compared to diploid forms, 

the authors of the study found in tetraploid forms with 

high biomass productivity, wider leaves with thicker 

midrib, and enlarged parenchyma palisade cells [22].   

It has also been found higher content of 

bioactive substances (gibberellins, cytokines, etc.) and 

chlorophyll pigment in leaves, which influence the 

photosynthetic processes such as the absorption of CO2 

photosynthetic rate. As a result of the tetraploid 

genotypes importance of the energy willow and poplar, 

they have also been the subject of studies in other 

research [3, 11, 18, 22].  
Genotypic and phenotypic variability has been 

studied in relation to the values of some physiological 

indices such as photosynthesis, perspiration and water 

efficiency in 23 willow clones from 7 species [13]. 

This issue highlighted the major interest in obtaining 

valuable biological material for the purpose of high 

biomass productivity in energy willow. 

Considering that the energy willow is found 

on less fertile land, sometimes affected by 

environmental edges, some studies have underline the 

behaviour of willow genotypes (clones) on polluted 

soils [23].  
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Cultivation of energy willow can be done in 

large plantations, on extended surfaces or in private 

farms - on smaller areas. Some studies have assessed 

the profitability of the energy willow exploitation in 

private farms and the conclusion was that without 

subsidies, the profit is minimal, and for the economic 

motivation of farmers from northern countries to 

exploit energy willow, subsidies were necessary [20].  
This study aimed to evaluate physiological 

indexes in four energy willow clones in order to 

characterize their biomass productivity. 

 

Material and Method 

 
For the characterization of energy willow 

clones, the present study analyzed a number of 

physiological indices such as chlorophyll, fresh 

material and dry matter. 
The conditions for testing. Research was done 

in the Giulvăz village area, Timiş County, on vertisol 

type. The planting scheme was: 3 x 0.5 m (3 m 

between rows and 0.5 m between plants per row).The 

clones tested were planted between 10 and 12 February 

2016. 

The biological material consisted of four 

energy willow clones: Ester - C1; Estelle - C2; Bjorn - 

C3; and Wilhelm - C4). 
Sampling and determination of physiological 

indices. The determinations were made at 50 days and 

100 days after planting. Medium leaf and stem samples 

from each hybrid have been sampled. 
For evaluation of the four willow clones were 

studied physiological indices related to the content of 

chlorophyll pigments (chlorophyll - Chl), fresh 

material (Fm), dry matter (Dm). For the biomass 

efficiency evaluation the Dm / Fm ratio was 

calculated.  
The fresh material was determined by 

weighing with precision balance. The dry matter was 

determined by successive weighting of the fresh and 

dried matter in the oven and the humidity was 

determined by relation (1). The dry matter was 

determined on the relation (2). The chlorophyll content 

was determined with chlorophyll meter SPAD 502 

(Konica Minolta). 

 

 

                                                                                                     (1) 
 

 

Where: U - sample humidity (%); T - tare (g); (FB) - the mass of fresh material. 

 

                                                (2) 

 

Where: DM - dry matter; U - sample humidity. 

 

Analysis of experimental data. The 

experimental data were analyzed statistically by 

ANOVA, to highlight the variance source. Correlation 

analysis was also carried out to assess the degree of 

interdependence between indices.  Coefficient of 

variation was used to assess the degree of variability 

within each biotype. The PCA analysis evaluated the 

distribution of the variants in relation to the 

physiological indices and the variance given by the 

first two main elements. The interdependence between 

the fresh material and the dry matter accumulated by 

the four clones was assessed on the polynomial degree 

2, statistically significant. EXCEL 2007 and software 

PAST were used for data analysis [12].   

 

Results and Discussions 

 
The energy willow clones: Ester (C1), Estelle 

(C2), Bjorn (C3) and Wilhelm (C4), have different 

behaviour in the same research conditions due to 

specific genetic potential. In relation to the studied 

genotypes, was recorded the expression of the observed 

physiological indices, chlorophyll, the fresh material 

and dry matter of which values are shown in Table 1.
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Table 1 

Experimental data on the chlorophyll content, the fresh and dry matter and  

the Dm / Fm ratio for the energy willow clones 

Clone Trial Chl Fm Dm 
Dm/Fm 

Ratio 

Ester C1 34.325 1.634 0.865 0.529 

Estelle C2 29.225 0.936 0.437 0.467 

Bjorn  C3 31.525 1.499 0.670 0.447 

Wilhelm C4 28.325 2.307 0.954 0.414 

SE  ±1.34 ±0.281 ±0.114 ±0.024 

 

Through single factor ANOVA was shown the 

variance source in experimental data, statistically 
significant (F> F crit, p ˂˂ 0.001); data are presented 

in Table 2.

 

 

Table 2 

ANOVA single factor 

Source of Variation SS df MS F P-value F crit 

Between Groups 10845.28 15 723.0186 167.2792 4.12E-36 3.235595 

Within Groups 207.4669 48 4.322226    

Total 11052.75 63         

Alpha = 0.001 

 

The clones analyzed through physiological 

indices for chlorophyll (Chl), fresh material (Fm), dry 

matter (Dm) and Dm / Fm ratio showed a varying 

degree of variability, highlighted by the coefficient of 

variation (CV). 

For the chlorophyll content parameter (Chl) 

the most reduced variation was recorded in clone C1 

(CVC1 = 2.476) and the highest in clone C2 (CVC2 = 

18.832). For the parameter fresh material (Fm) low 

values were recorded in clone C3 (CVC3 = 19.792) and 

high values in clone C1 (CVC1 = 43.011). For the dry 

matter parameter (DM) reduced variability was 

recorded in clone C2 (CVC2 = 21.273) and the highest 

variability in clone C1 (CVC1 = 45.770). For the ratio 

Dm /Fm which may be the dry matter yield, low 

variation was recorded in clone C2 (CVC2 = 5.347) and 

high variation in clone C4 (CVC4 = 19.620). 

The correlation analysis revealed very high 

correlations between fresh material and dry matter (r = 

0.938), high correlation between Dm/Fm ratio and 

chlorophyll content (r = 0.864), weak correlation in 

Dm/Fm with Fm (r = -0.408) as well as weaker 

correlations with the other indices (Table 3).

 

Table 3 

Correlation table between physiological indices 

 Chl Fm Dm Dm/Fm 

Chl  0.85534 0.81653 0.13588 

Fm -0.145  0.061743 0.59182 

Dm 0.183 0.938  0.93122 

Dm/Fm 0.864 -0.408 -0.069  

 

Dm - Fm interdependence has been described 

by a polynomial function of the second degree, 

(relation 3), statistically significant (R
2
 = 0.869; p 

0.001). The particular distribution of Dm values based 

on Fm is shown in Figure 1.

  

                                                                                                         (3) 

 

Where: x - Fm (fresh material) 
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Fig. 1. Special distribution of Dm based on Fm values in energy willow clones 

 

PCA analyses alleviate clones distribution in 

relation to the physiological indices; clone C1 was 

associated with the chlorophyll content and the Dm/Fm 

ratio, while clone C4 was associated with the Dm and 

Fm indices. Clone C3 has an intermediate position, and 

an independent position was observed in clone C2. The 

graphical representation of the four clones’ distribution 

in relation with indices is shown in Figure 2.
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Fig. 2. Distribution of the biological material in relation to the biplot elements, given by the physiological indices 

 
The first two main components explained 

97.908% of the variance. From the PCA distribution 

was found the differentiated association of the 

biological material with the studied indices, which 



 86 

represent biplot elements in the analysis. Clone C1 was 

associated with Chl and the Dm/Fm ratio while clone 

C4 was associated with Dm and Fm biplot. Clone C3 

was situated between C1 and C4, and clone C2 had 

unique position. 

The interdependence between the foliar 

surface area [19], foliar indices, and total or useful 

biomass production has also been identified in other 

studies of different wood species [9, 14]. Van 

Hooijdonk et al. (2016) also reported results on the 

relationship between foliar indices and dry matter 

production in cultivated wood species. 

In species specially cultivated for biomass 

production, and particular in energetic willow, the 

relation between foliar indices (leaf size, foliar surface 

area, leaf lamina thickness, chlorophyll content) and 

dry matter, have shown a particular interest due to the 

relationship between indices and biomass production 

identified and already confirmed by many studies in 

different wood species. 

The relationship between physiological 

indices such as the foliar surface area and the 

chlorophyll content in the energy willow has been 

studied in many researches. Merilo et al. (2004) have 

estimated leaf foliage indices in energy willow studies 

in relation to different fertilization variants.  
Weih and Nordh (2005) studied the production 

of biomass in different energy willow hybrids relative 

to nitrogen economic dose and foliar surface area, 

which they found as characteristic parameters of 

the biomass production. The positive relationship 

between the foliar surface area and the biomass 

production was also identified by Cunniff et al. (2015) 

in other research on different energy willow 

clones. Bouman and Sulliboy (2011) found very close 

correlation between the foliar surface area and biomass 

production in 12 varieties of energy willow, while 

between the foliar surface area and the chlorophyll 

content the interdependence was insignificant. 

Similar results have been obtained in the 

present study. The clones with the highest content of 

chlorophyll (C1 – Ester with 34.325 SPAD units; C3 – 

Bjorn with 31.525 SPAD units), did not have the 

largest production of fresh and dry biomass, which was 

recorded in clone C4 - Wilhelm (28,325 SPAD units), 

but these ones had better parameters for leaf sizes. 

 

Conclusions 

 
From the physiological indices values, a 

differentiated productivity of the energy willow clones 

was found out. For dry matter content was highlighted 

clone C4 (Wilhelm), while clone C1 (Ester) had the best 

results for Dm/Fm ratio. The PCA analysis explained 

97.908% based on the first two main parameters, the 

content of chlorophyll (Chl) and fresh material (Fm) 

respectively. 
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