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Abstract       Willows are species that grow rapidly and propagate easily so are 
used for biomass production but also phytoremediation under different 
environmental conditions, even salt stress. Four willow genotypes, Salix 
daphnoides (A2), S.purpurea (L2), S. viminalis (B1), and S. pentandra (P1) were 
investigated in a two factorial saline stress hydroponic experiment. The cuttings 
were harvested from willow genotypes collection established on the 
Experimental Didactic Station of Banat University. Two concentrations of NaCl 
and the control were tested. Biometric observation on roots and shoots number 
and length showed differences between analyzed genotypes. The tolerance of 
studied genotypes to saline stress has been evaluated according to shoot dry 
mass index, root dry mass index, and vitality. Plants metabolic changes were 
highlighted by proline, guaiacol-peroxidase, and catalase activities. The salicylic 
acid content was also evaluated. The effect of genotype is significant in terms of 
shoot and roots biometrics and biomass. The response of willow genotypes in 
terms of biomass index and metabolic activities of the plants showed the 
tolerance for the first level of NaCl in the case of genotypes A2 and B1.   
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Salinity is an one of the most severe 

environmental abiotic stress [1, 12, 15]. Saline soils 
contain excessive soluble salts, mainly sodium chloride 
(NaCl) and these salts increase diminish water 
availability and inhibit plant growth [3, 16]. Many 
reserch have been done in order to improve the 
knowledge of species salt tolerance. At the beginning 
the reserche was focus an growth and yield agricultural 
crop [8], later on their enzymatic activities. But not 
many reserches were made on woody species [9]. 
Willows, species with easy propagation, rapidly grow 
and high productivity [11] are some woody species that 
started to be studied in this way. Feng et al in 2017 
studied the morphological and physiological responses 
of two willow species to salt stress. A comparative 
analyse of relative salt tolerance of 37 different native 
and exotic willow varieties grown under controlled 
environment conditions on soils of varying salinity was 
made by Hang at al in 2011 They found willow 
varieties tolerante to moderate or even severe salinity. 
Plants react to increament of salinity not only by the 
reduction of the growth but also by metabolic changes 
like the effect on salt stress on proline synthesis [14].  

The aim of this study is the screening for 
tolerant genotypes that could withstand salinity. 

Material and Method 
 
In 2015, a collection of willow genotypes harvested 
from Banat and Oltenia area (South-West and South of 
Romania) was established in Experimental Didactic 
Station from Banat University, in the Western Plain of 
Romania, A hydroponic laboratory experiment with 
two factor, willow species and NaCl level, was 
initiated in 2017 with materials harvested from this 
willow collection.  For each experimental variant was 
evaluated 9 cuttings, each of them  with aproximately  
10 cm length, 1cm diameter, and 2-5 buds.  Cuttings 
were placed in 150 CMC plastic glasses, in tap water  
for nine days, then the tap water was repleced with 
Hoagland solution and were daily aerated. After 
another five days NaCl solution was added, Biometric 
observation on rooth and shoots number and lenght 
were made before (1 day) and after (8 days) saline 
concentrations were added. Visual symptoms on roots 
and leaves were also performed. The experiment tested 
the resistance to salin stress for four genotypes: A2 – 
S.daphnoides (native habitate – the old willow farm 
Agadici, Banat area), L1 - S.purpurea (native habitate 
– the closed uranium minning Lisava, Banat area), B2 
– S. viminalis (native habitate – the old farm Bobicesti, 
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Oltenia area), P1 – S. purpurea (native habitate – the 
sterile dump Pesteana). It was tested two concentration 
of NaCl (NaCl_1=50 mM; NaCl_2=100.0 mM/l) and 
the control (Hoagland solution). At the end of the 
saline treatment, green (initial) and dry (final) mass of 
roots and shoots were evaluated. In order to determine 
the dry mass, shoots and leaves were put in metallic 
boxes and dry for 72 h at 1070C in a draying oven. At 
the end of the experiment, the tolerance of studied 
genotypes to saline stress have been evaluated 
according to shoot dry mass index (SDMI), roots dry 
mass index (RDMI), the ratio between shoots and roots 
dry mass (S/R) and vitality. Shoot and root dry mass 
index were calculated by formulas: 100 x shoots dry 
mass: cutting initial mass and 100 x roots dry mass: 
cutting initial mass. The ratio S/R was calculated by 
formulas shoots dry mass: roots dry mass. The vitality 
was evaluated according with 5 predefine vitality 
classes: 5: high, leaves and shoots green; 4: medium, 
leaves up to 50% necrotic and shoots green; 3: low, 
leaves more than 50% necrotic and shoots green; 2: 
leaves necrotic and shoots partial necrotic; 1: all 
necrotic [6, modified]. Plants metabolic changes to 
hydric stress were highlighted by proline, guaiacol-
peroxidase and catalase activities. The salicilyc acid 
content was also evaluated. The activity of catalase 
(CAT) ws determined colorimetrically at λ= 570 nm. 
[13]. The activity of guaiacol peroxidase (POX) was 
determined colorimetrically at λ= 470 nm [2]. The 
proline content (PRO) was determined colorimetrically 
at λ= 520 nm (Bates, 1973) using L-proline like 
standard. The salicilyc acid ws determined 
colorimetrically at λ= 540 nm (Warrier et al., 2013)  

The data were statistically processed by 
STATISTICA 10.0. 
 
Results and Discussions 
 

The number and the length of the shoots and 
roots showed differences between analyzed genotypes. 
There is a decrease in the number of shoots per bud and 
an increase in the number of roots as a result of 
treatment with saline solution. Even an increment of 
the length of the shoots was observed after eight days 
of treatment, the vitality of the plants decreased (Table 
1). Analysis of variance showed a significative 
influence of genotype. Similar results were observed 
by Hernea et al (2017) in a hydroponic experiment with 

different Romanian and Swedish willow clones.  The 
saline treatment was significant only for the maximum 
length of the shoots (Table 2) 

The most important factor in our experiment 
was the genotype. There were observed significant 
differences between genotypes according to with 
analyzed characters. The NaCl level was significant 
only for the maximum length of the shoots. The results 
showed a general decrease of the ratio of roots dry mas: 
initial mass and shoots dry mass: initial mass. In the 
case of SDMI, the highest values were observed for the 
L1 (1.94) and B2 (2.48) Control. In the case of RDMI, 
the highest value was observed for L1 (0.95) with 
NaCl_2 I. The ratio of shoots/roots was higher for the 
Control of B2 genotype (6.0). The vitality decreased 
with the NaCl increment for all genotypes. For 
genotypes A2 and P1 the vitality decrease was strong 
(from value 5 to 1). For genotype L1 and B2 the 
vitality decrease slowly with salinity increment (from 
value 5 to 3). 

To evaluate the effect of genotypes and saline 
treatment, dry mass of shoots and roots, the ratio of 
these, and the initial mass of cutting were analyzed and 
the analysis of variance was performed (Table 3 and 4) 
The effect of NaCl on the catalase, peroxidase, and 
proline activity are presented in Fig. 1. It is known that 
plants react under environmental stresses, even salinity, 
increasing the production of reactive oxygen species 
(ROS) and, for ROS scavenging, modify the activity 
levels of antioxidant enzymes like catalase (CAT), and 
peroxidase (POX) [10]. In this study, only in the case 
of proline activity, a steady increase was highlighted 
for all genotypes. The same results were obtained by 
Stolarska and Klimek on basket willow clones “Bjor”, 
“Jorr” and “Tora” (Stolarska). No pattern can be 
defined for the others enzymes analyzed, catalase and 
peroxidase. For genotype A2 catalase activity decrease 
and the peroxidase activity increase with NaCl 
increment. An opposite pattern was observed for 
genotype P1, with an increase of catalase and a 
decrease in peroxidase activity. For the other 
genotypes, L1 and B2, both enzymes, catalase and 
peroxidase increased. 

The variation of salicylic acid is presented in 
Fig. 2. In this case, the values increased with NaCl 
increment for three genotypes (A2, L1, and P1). For 
genotype B1, no pattern can be defined 
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Table 1 
Shoots and roots statistical parameters before and after applyed tretament  

Genotype NaCl 
level 
(mM/l) 

 Shoots  Roots 
 before treatment after treatments  before treatment after treatments 
 Mean St.dev Mean St.dev  Mean St.dev Mean St.dev 

    
No of shoots per bud 

  
No of roots 

A2 
C  0.867 0.606 0.900 0.622  12.778 4.738 14.000 5.408 
NaCl_1  1.200 0.430 1.222 0.441  17.222 4.323 17.889 3.855 
NaCl_2  0.778 0.268 0.933 0.456  14.444 5.411 16.111 5.061 

L1 
C  0.733 0.224 0.767 0.283  13.3333 5.050 15.333 5.025 
NaCl_1  0.578 0.156 0.656 0.174  12.000 2.646 12.111 2.571 
NaCl_2  0.544 0.274 0.589 0.262  12.556 4.475 14.333 5.701 

B2 
C  0.633 0.278 0.789 0.330  12.111 3.257 13.000 3.391 
NaCl_1  0.822 0.311 0.856 0.313  12.667 2.449 13.222 2.906 
NaCl_2  1.133 0.505 1.189 0.4913  12.111 3.371 13.444 3.678 

P1 
C  1.022 0.763 1.044 0.7453  4.889 2.713 5.111 2.713 
NaCl_1  1.011 0.462 1.011 0.4623  3.875 2.100 4.625 2.066 
NaCl_2  1.022 0.504 1.022 0.5043  3.556 1.878 4.333 2.598 

    
The maxim value of shoots length 

  
The maxim value of roots length 

A2 
C  8.722 0.815 13.267 1.635  12.489 2.273 13.156 2.878 
NaCl_1  8.189 2.395 9.700 2.677  11.811 2.457 12.356 2.567 
NaCl_2  6.122 3.573 7.933 3.774  11.778 2.571 11.856 2.281 

L1 
C  7.233 1.845 9.700 1.268  19.233 4.087 19.956 4.386 
NaCl_1  7.589 1.822 9.133 1.560  20.589 3.326 23.589 3.4267 
NaCl_2  7.622 1.440 8.133 1.543  18.200 3.41 20.156 3.203 

B2 
C  8.878 2.501 11.133 2.827  15.956 5.323 16.156 6.041 
NaCl_1  10.978 1.295 11.944 1.639  15.756 4.067 18.400 5.403 
NaCl_2  9.400 2.657 9.422 4.030  17.089 3.931 18.489 3.824 

P1 
C  9.489 1.431 12.900 2.447  16.356 1.832 16.644 3.013 
NaCl_1  6.989 2.891 10.811 2.180  13.813 3.515 15.450 2.692 
NaCl_2  8.944 1.539 10.278 1.869  15.933 2.850 16.967 2.708 

 
 

Table 2 
Analysis of Variance for hydroponic saline experiment. Effect of genotype and saline treatment on shoots and roots 

analyzed characteristics 
Character Marked effects are significant at p < .05000 

Factors: 1- Genotype; 2- NaCl treatment 
1 2 1 x2 

F P F p F p 
no. of shoots/bud, before treatment 4.21525 0.007415 - - - - 
no. of shoots/bud after treatment 3.87821 0.011296 0.22812 0.796419 1.75114 0.073669 
maximum length of shoots before 
treatment (cm) 

5.59363 0.001350 - - - - 

maximum length of shoots after 
treatment (cm) 

3.64894 0.015051 10.32660 0.000081 4.42909 0.000023 

No of roots before treatment 41.69484 0.000000 - - - - 
No of roots after treatment 41.97034 0.000000 0.025539 0.974790 12.12128 0.000000 
maximum length of roots before 
treatment (cm) 

21.17848 0.000000 
  

- - 

maximum length of rhoots after 
treatment (cm) 

25.35598 0.000000 0.399457 0.671709 7.80475 0.000000 
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Table 3 
Shoots dry mass: cutting initial mass (SDMI), roots dry mass: cutting initial mass (RDMI), shoots dry mass: roots dry 

mass (S/R) and vitality in hydroponic saline experiment 
Genotype NaCl  

treatment 
SDMI RDMI Ratio  S/R Vitality 

Mean TD Mean TD Mean TD 
A2 C 1.11 c 0.36 b 3.39 bc 5 

 NaCl_1 0.89 c 0.41 b 2.17 bc 3 

 NaCl_2 1,12 c 0.56 b 2.00 bc 1 

L1 C 1.94 ab 0.61 b 3.15 bc 5 

 NaCl_1 1.62 bc 0.78 ab 2.11 bc 4 

 NaCl_2 1.62 bc 0.95 a 1.69 c 3 

B2 C 2,48 a 0.43 b 6.00 a 5 

 NaCl_1 2.29 ab 0.73 ab 3.45 bc 5 

 NaCl_2 1.86 b 0.48 b 3.89 b 3 

P1 C 1.60 bc 0.34 b 5.33 ab 5 

 NaCl_1 1.25 c 0.43 b 3.33 bc 3 

 NaCl_2 1.00 c 0.52 b 2.06 bc 1 

 
Table 4 

Analysis of Variance for hydroponic saline experiment. Effect of genotype and saline treatment on shoots/roots dry 
mass: cutting initial mass 

Character Marked effects are significant at p < .05000 
Factors: 1- Genotype; 2- NaCl treatment 

1 2 1 x2 
F P F p F p 

SDMI 20.29354 0.000000 1.505492 0.236757 8.099128 0.000011 
RDMI 6.95574 0.000983 2.499057 0.097590 3.740396 0.003333 
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Fig.  1. The variation of enzymatic activity in NaCl experiment: catalase (CAT); peroxidase (POX); proline (PRO) 
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Fig.  2. The variation of salicylic acid, in NaCl experiment  

 
Conclusions 
 

The effect of genotype is significant in terms 
of shoot and roots biometrics. The NaCl level was 
significant only for the maximum lenght of the shoots. 
A decrese ao the vitality with NaCl increseing was 
observed for all genotypes. No pattern was define for 
catalase, peroxidase and proline activity. 
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