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ABSTRACT 

Contaminated agricultural soil represents a crucial obstacle on the growth, wood properties and 
chemical constituents of Salix mucronata (willow) plants as well as soil chemical properties. 
Therefore, a pot experiment was conducted in the nursery of Timber Trees Department, Sabahia 
Horticultural Research Station in Alexandria, Egypt during the period from May 2015 to the end of 
October 2016 with interval periods (6, 12 and 18 months). Two types of agricultural soils were used, 
one of them was contaminated with heavy metals from the white pigment area from the Sabaghy El-
Baida district in Kafr El-Dawar city (an industrial city in El-Beheira governorate) and the other was 
taken from the nursery of Sabahia Horticulture Research Station Alexandria. The contaminated soil 
was superior than the uncontaminated soil (control) in improving the growth parameters of S. 
mucronata plants (plant height, stem diameter, leaf area, leaves number, fresh and dry weights of 
leaves, shoots and roots, root length and shoot/root ratio) and wood properties (specific gravity and 
fiber length). Also, the attained result showed the accumulation of highest concentrations, uptake and 
total uptake of Cd, Pb, Zn, N, P and K elements in different plant parts (leaves, shoots and roots). 
Meanwhile, willow plants grown in contaminated soil, contained highest major elements 
concentration, increase the plants ability of heavy metals absorption from the contaminated soil. By 
the end of the experiment, the heavy metals concentration decreased in the contaminated soil 
suggested that willow plants were an excellent model of phytoremediation which improve soil 
properties. 
  
Keywords: contaminated soil, Salix mucronata, heavy metals, specific gravity, willow. 

 
Introduction 

Phytoremediation is an economical alternative to complement conventional methods to reduce 
avoid environmental pollution. Phytoremediation is a broad term via plants for cleanup environmental 
of metal pollution through phytoextraction, phytostabilization or rhizofiltration (Salt et al., 1995). 
Phytoextraction is the ability of plants to accumulate metal contaminants in their aboveground 
biomass, for collecting and contaminant elimination (Salt et al., 1998). For instance, phytoextraction 
for contaminated area ca. 4000 m2 from 16% to 20% of the cost of traditional techniques such as 
elimination and suitably storing contaminated soil (Salt et al., 1995). 

Best performs of phytoremediation, for example phytoextraction, use regionally appropriate 
plants. Many plant families have been found to be recognizable candidates for phytoremediation; 
including Poaceae, Brassicaceae and Salicaceae (Salt et al., 1995). Not only are willows the dominant 
riparian vegetation at these elevations, but willows are also easy to vegetative propagation and 
establish in the field with extensive and very deep root polar system (Vangronsveld et al., 2009). 
Likewise, willows are known to be phytoremediation agents; they concentrate metals and accumulate, 
grow quickly with a relatively high biomass (Pulford and Watson, 2003; Punshon and Dickinson, 
1997) and translocate metals from root system to aboveground biomass (Wahsha et al., 2012). 

Metal contaminants not only accelerate environmental degradation, but also are detrimental to 
human beings health as well as another biota. Dust from dry and loose tailings causes and exacerbates 
respiratory diseases in human populations near abandoned mine disposal sites (Mendez and Maier, 
2008). Cadmium (Cd) and lead (Pb) are common, biologically nonessential metal pollutants. 
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Cadmium causes kidney defects and reproductive toxicity (Thompson and Bannigan, 2008). 
Cadmium, also, causes skeletal damages and is designated a group 2a carcinogen by the International 
Agency for Research on Cancer (Jarup, 2003), and impairs signaling through the blood-brain barrier 
(Mendez-Armenta and Ríos, 2007). Lead exposure causes renal damage and neurotoxicity (Jarup, 
2003) as well as high blood pressure (Suruchi and Khanna, 2011). Once in the food chain, lead 
concentrations in small mammals are the greatest in bone and kidney tissues (Roberts et al., 1978). 

Cadmium, lead and zinc damage plants as well. The presence of lead causes decreases of 
growth and reproductive efficiency of plants such as mangroves (Leano and Pang, 2010), causes 
stunting and chlorosis (Pandey et al., 2012), and concentrates mostly in roots and leaves (Feleafel and 
Mirdad, 2013). Cadmium, also, causes chlorosis and interferes with accumulation and transport of 
biologically essential elements (Das et al., 1997). In addition, cadmium contributes to cytogenetic 
damage by inhibiting cell proliferation (Rosas et al., 1984). Zinc (Zn) toxicity affects plant growth by 
causing malformation of the nucleus and nucleolus of meristematic cells of the roots and also by 
disrupting cell division (Bobák, 1985). 

The aim of the present study is to determine the ability of willow plants to absorb soil 
contaminants and accumulate heavy metals (Cd, Pb and Zn) after being exposed to the contaminated 
soils. 

 
Materials and Methods 
 

This study was carried out in the nursery of Timber Trees Department at Sabahia 
Horticultural Research Station, Alexandria, Egypt. The study lasted 18 months from May 2015 to the 
end of October 2016, to study the uptake rate of soil pollutants using Salix mucronata plants and their 
effect on vegetative growth, wood properties (specific gravity and fiber length), chemical composition 
of wood and soil properties during three periods (6,12 and 18 months). One-year-old of S. mucronata 
plants were cultivated in plastic pots (40 cm), filled with 18 kg of soil (one plant/pot). All plants are 
sprinkled with tap water to standardize the irrigation rate (2 liter/pot). The irrigation was weakly 
during the experimental period. Two types of soils were tested, naturally contaminated with heavy 
metals from the white pigment area from the Sabaghy El Baida in Kafr El-Dawar city (an industrial 
city in El-Beheira governorate) and uncontaminated soil (control) taken from the nursery of the 
Sabahia Horticulture Research Station, Alexandria, Egypt. At the end of each period (6, 12 and 18 
months), three plants were selected for each treatment, randomly, to determine the following data. 

 
A. Vegetative growth, which was expressed as plant height (cm), stem diameter (mm), leaves 
number/plant, leaf area (cm2/leaf), root length (cm), fresh and dry weights (g/plant) for leaves, shoots 
and roots and shoot/root ratio. 
B. Wood properties, which were expressed as specific gravity and fiber length. 
C. Chemical composition, of the different plant parts as N and P content (%) content (%) were 
measured colormetrically according to Evenhuis (1976), Murphy and Riley (1962), respectively. Also, 
K (%) were measured against standard using flame photometer (Page et al.1982). Cd, Pb and Zn 
(ppm) were extracted by DTPA and determined by atomic absorption spectrophotometer (Lindsay and 
Norvell,1978). Also, the total uptake of these elements/plant was calculated. 
D. Soil analysis, whereas at the end of each period, soil samples were taken from each treatment to 
determine their chemical properties according to Page et al. (1982) and (Lindsay and Norvell, 1978). 
The experiments design, the complete randomized design (CRD) was used as described by 
(Snedecor and Cochran, 1989). The two independent variables were replicated three times, each 
repetition contained of six plants. The means among all used treatments were compared by Duncan’s 
Multiple Range Test, using SAS procedures (SAS, 1990). 
 
Results and Discussions  
 
Vegetative Growth: 

Average values of the vegetative growth parameters (plant height, stem diameter, leaf area, 
leaves number, fresh and dry weights of leaves, shoots fresh and dry weights) as affected significantly 
(p≤0.05) by growth in polluted soil are presented in Table (2). 
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Table 1: Physical and chemical analysis of the tested soils. 
 

                                                                                                                   Mechanical analysis  

Available P 
(ppm) 

Available N 
 (ppm) 

Available K 
(ppm) 

O.M 
 % 

CaCO3 

% 
SAR EC. 

ds/m 
pH Soil texture Clay 

% 
Silt 
% 

Sand 
% 

 
Soil 

12.50 1.68 6.50 0.24 6.70 6.59 1.89 8.31 Sandy loam 10.00 20.00 70.00 Uncontaminated soil 
17.50 2.24 9.40 0.38 6.80 8.54 2.80 8.33 Sandy loam 13.00 21.00 72.00 Contaminated soil 

                                                                                                 Chemical analysis  
Total heavy metals (ppm)               Soluble anions (meq/l)        Soluble cations (meq/l) 

Zn Pb Ni Fe Cu  Cd        SO4
--     Cl−    HCO3

- CO3
-- K+ Na+ Mg2 Ca2+  

37.15 5.67 1.06 45.77 0.77  0. 034 4.71 37.00 4.20 0.00 0.59 33.70 2.20 5.54 Uncontaminated soil 

243.05 11.00 1.62 60.34 18.70 0.304 8.04 43.00 5.00 0.00 0.67 40.20 4.16 6.50 Contaminated soil 

 
Table 2. Average values of some vegetative parameter of S. mucronata as affected by types of tested soils under the study during 18 months (2015-

2016). 
 

Measurements Treatments 
Leaves dry Weight 

(g/plant) 
Leaves fresh 

weight (g/plant) 
Leaf area 
(cm2)/leaf 

Leaves number/plant Stem diameter  
(mm) 

Plant height 
(cm) 

 
 

Uncontaminated soil 

6 months 
12 months 

12.20 e 31.60 e 7.10 e 132.80 f 8.02 f 72.80 f 
21.40 d 46.00 d 13.30 d 186.60 d 10.01 e 117.00 d 

31.20 c 67.60 c 21.20 b 225.60 c 13.01 c 199.00 b 18 months 

Contaminated soil 
22.00 d 42.80 d 12.60 d 163.00 e 12.01 d 87.20e 6 months 

35.60 b 73.20 b 19.80 c 267.00 b 20.06 b 162.00 c 12 months 

50.40 a 115.00 a 34.00 a 410.00 a 28.05 a 235.00 a 18 months 

Shoot/root ratio Root length    
(cm) 

Roots dry weight 
(g/plant) 

Roots fresh weight 
 (g/plant) 

Shoots dry weight 
 (g/plant) 

Shoots fresh weight 
(g/plant) 

Uncontaminated soil 

1.08 e 56.20 f 23.00 e 42.80 e 24.80 e 53.00 f 6 months 

1.28 d 68.40 d 27.80 d 59.60 d 35.40 d 74.40 d 12 months 

1.49 c 89.20 b 40.00 b 88.00 c 59.40 b 127.80 b 18 months 
      Contaminated soil 

1.23 d 65.60 e 27.80 d 58.00 d 34.00 d 63.40 e 6 months 

1.59 b 79.00 c 35.40 c 100.00 b 56.40 c 116.40 c 12 months 

1.80 a 113.40 a 51.40 a 156.60 a 92.60 a 188.60 a 18 months 

Average values followed by a similar letter within a column are not significantly different, using least significantly differences test procedure (L.S.D) at p ≤ 0.05 level of probability. 
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Despite the obvious synchronization of the progressive increase of both growth and development of 
the studied plant species with time spanned during the experimentation; however, the plants potted in 
contaminated soils exhibited higher and significant increases of various tested traits of S. mucronata 
compare to those potted in uncontaminated soil (control) up to the end of the extermination (18 
months). The increament percentages exhibited by contaminated soil versus uncontaminated soil were 
as 18.10% for plant height (cm), 115.6% for stem diameter (mm), 81.74% for leaves no., 60.38% for 
leaf area (cm2), 70.12% for leave fresh weight (g/plant), 61.54% for leaves dry weight (g/plant), 
47.57% for shoot fresh weight (g/plant), 55.89% for shoot dry weight (g/plant), 77.95% for root fresh 
weight (g/plant), 28.50% for root dry weight (g/plant), 27.13% for root length (cm), and 20.81% for 
shoot/root ratio. It is revealed that the plant height of Salix mucronata plants planted in contaminated 
soil were significantly differed along the all periods of study. The positive effect of contaminated soil 
on height growth was recorded also by Mertens et al. (2006); Harada et al. (2011) on Salix species 
and S. eriocephala. Regarding the stem diameter of plants potted in the contaminated soil had 
markedly significant (p≤0.05) effect. The role of phytoremediation was cleared by encouraging 
uptake some elements by plants such as Zn which is essential for the normal growth as coenzymes, in 
addition, the role of some elements especially N, P and K in different physiological processes of 
metabolites that enhance cell division and elongation in the cambium zone and all membrane that 
increase in stem diameter. However, the positive effect of contaminated soil on stem diameter was 
obtained also by Boyter et al. (2009) and Harada et al. (2011) on willow (Salix sp.). Data showed that 
polluted soil had a significant (p≤0.05) effect on leaves number after 18 months (410) compared to 
control soil (225), the increment percentage was 81.74% versus uncontaminated soil. The stimulation 
of growth may be due to some micronutrients as well as N and P through the period of growth. These 
results are agreement with those were obtained by Sander and Ericsson (1998) on Salix viminalis and 
Pulford et al. (2002) on Salix sp. Concerning the leaf area of S. mucronata the marked increment 
(60.38%) compared to control plants may be taken place due to the expansion of the leaf area 
improved the plant vegetative growth, then photosynthetic activity of the tested plants. These results 
are agreement with Mertens et al. (2006) on willow and Alex et al. (2017) on Salix discolor and S. 
eriacephala 

The significantly (p≤0.05) highest leaves fresh weight of plants grown in a contaminated soil 
after 18 months was 115 g/plant, these results are agreement with Mleczek et al. (2010) of S. alba and 
S. viminalis and Alex et al. (2017). With reference to the leaves dry weight, which was taken the same 
trend as in leaves fresh weight was also, highly effected significantly (p≤0.05) differences reached 
after 18 months by using contaminated soil (50.40 g/plant), while the lowest leaves dry weight (12.20 
g/plant) observed after 6 months in control soil. It is clear that there is a different between both types 
of soil that planted for S. mucronata plants. These results are in harmony with those obtained by 
Mertens et al. (2006); Rosselli et al. (2003) and Meers et al. (2007) on salix sp and Betula sp. These 
effects on shoots fresh weight may be due to either the increasing in plant height and stem diameter, 
also due to the crucial roles of both nitrogen and phosphorus that stimulated growth, development and 
the processes of photosynthesis. This result is similar, more or less, to those of Mertens et al. (2006) 
on willow (Salix sp.) and Mleczek et al. (2010) on Salix alba and Salix viminalis.Data tabulated in 
Table (2) showed the effect of contaminated soil plant shoot dry weight (g/plant), whereas the 
heaviest mass of shoots dry weight was obtained after 18 months for polluted soil was 92.60 g/ plant 
where the increment percent compare to control treatment was 55.89%. These results are in 
accordance with those of Witters et al. (2009) and Han et al. (2010) on Salix sp. Data revealed that the 
highest weight resulted from polluted soil after 18 months, there were obviously significant 
differences in roots fresh weights among the three periods of studying. However, roots fresh weight 
was lowest in control soil. The effective of polluted soil on the growth of the roots fresh weight may 
be due to the addition of some nutrients and the enrichment of Zn in soil. These results are in parallel 
with those obtained by Karpiscak and Gottfried (2000) on cotton wood and willow; Abdalla et al. 
(2008) on some ornamental shrubs. Data showed that the polluted soil had significant effect on the 
roots dry weight. The highest significant values of roots dry weight resulted from the plants grown in 
contaminated soil compared to values of this control soil. These results are similar, more or less, to 
those of Mertens et al. (2006) on willow (Salix sp.); Mleczek et al. (2010) on Salix alba and Salix 
viminalis; Emam et al. (2017) on Bauhinia purpurea; Forte and Mutiti (2017) on Helianthus annuus 
and Hydrangea paniculata. Data showed that polluted soil had a significant (p≤0.05) effect on root 
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length, after 18 months compared to control soil. The increment percentage was 27.13% versus 
uncontaminated soil. These results may be happened due to the accumulation of N and the polluted 
soil enriched with Zn, both essential for normal plant growth. These results are in agreement with 
those of Landberg and Greger (1996) on salix clones; Felix (1997) on Salix viminalis; Pulford et al. 
(2002) on Salix sp. Also, data showed that the contaminated soil has an effect on the shoot/root ratio 
with significant differences in all periods of studying 6, 12 and 18months, the values of shoot / root 
ratio where the increment percentage was 20.81% compare to control treatment. These results are in 
compatible with Gawronsk et al. (2004) on salix sp. and Mleczek et al. (2010) of Salix alba and Salix 
viminalis. 
 
Wood properties: 
 
1. Specific gravity: 

Data illustrated in Figure (1) showed that there are insignificant differences in specific gravity 
for S. mucronata plants between contaminated and control soil, except after 6 months of planting on 
uncontaminated soil which recorded lower specific gravity of 0.454. It is obvious that the polluted soil 
improved wood specific gravity and that may be due to more accumulation of metabolic products in 
fibers wood that stimulating the growth. These results are in harmony with those of Mleczek et al. 
(2010); Harada et al. (2011) on Salix alba and Salix viminalis. 
 

 
Fig. 1: Specific gravity as affected by both tested soils during 6,12 and 18 months. 
 
2. Fiber length: 

Data presented in Figure (2) cleared that the contaminated soil had a significant (p≤0.05) and 
markedly effects on the fiber length of willow plants. The longest fiber length showed such increment 
percentage as 32.17% compare with that of control soil. The obtained results are in agreement with 
those found by Foulger et al. (1994) on Populus deltoid; Mleczek et al. (2010) on Salix alba and Salix 
viminalis; Emam et al. (2017) on Bauhinia purpurea. 
 

 
Fig. 2: Fiber length (mm) as affected by both tested soils during 6,12 and 18 months. 
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Chemical composition 
 
A. Heavy metals 
 
1. Cadmium content 

Data in Table (3) showed that highly accumulation of Cd in roots for the first time of the 
present study 6 months as affected by using contaminated soil that multiplied 20 times (0.20 ppm) 
compare to control soil that resulted 0.20 ppm. Also, Cd content in shoots was increasing in the third 
period i.e. (18 months). For Cd uptake, it noticed that highly significant differences in all plant parts 
after18 months. The total uptake ranged from 0.00 to 0.02 mg/plant after 6 months, from 0.01 to 0.02 
mg/plant after 12 and from 0.01 to 0.03 mg/plant after 18 months. Concerning the highly 
accumulation of Cd in roots at the third period means that prolonged time has been spanned 
noticeable to clean up contaminated soil through Phytostabilization. The translocation of Cd from 
contaminated soil to all plant parts showed that highly significant differences after 18 months than 
other treatments, these means that the uptake lasted for more time. These results are in agreement with 
Mleczekb et al. (2010) on Salix alba and Salix viminalis and Han et al. (2010) on salix caprea. 

 
Table 3: Average values of Cadmium, Lead and Zinc content, uptake and total uptake of Salix 

mucronata as affected by two types of tested soils during 18 months (2015–2016). 
Cadmium - Concentration (ppm)  

Treatments 

 
Uncontaminated soil 

18 months 12 months 6 months 
Roots Shoots Leaves Roots Shoots Leaves Roots Shoots Leaves 
0.01b 0.01b 0.01b 0.00c 0.00c 0.00c 0.01b 0.00 c 0.00c 

0.14a 0.12a 0.20a 0.01b 0.05a 0.01b 0.20a 0.01b 0.07b Contaminated soil 
                                              Uptake (mg) 

0.00c 0.00c 0.01 a 0.00c 0.00c 0.01a 0.00c 0.00c 0.00c Uncontaminated soil 
0.01a 0.01a 0.01a 0.00c 0.01a 0.01a 0.01a 0.01a 0.00c Contaminated soil 

                                                   Total uptake (mg/plant) 
0.01a 0.01a 0.00c Uncontaminated soil 

0.03a 0.02a 0.02a Contaminated soil 
   Lead - Concentration (ppm)  

Uncontaminated soil 15.00c 4.60d 6.47c 6.87c 6.46c 6.26c 6.50e 3.65e 3.70e 

28.54a 8.04a 7.84 a 15.00c 7.30b 6.86b 8.33d 5.17d 4.54d Contaminated soil 
                                                Uptake (mg) 

0.76c 0.19c 0.19c 0.34c 0.20c 0.13d 0.16e 0.08e 0.04e Uncontaminated soil 
2.38a 0.56a 0.39a 0.94b 0.35b 0.24b 0.38d 0.14d 0.10 d Contaminated soil 

                                                 Total uptake (mg/plant) 
1.14c 0.67d 0.28e Uncontaminated soil 

3.33a 1.53b 0.62d Contaminated soil 
Zinc - Concentration (ppm)  

Uncontaminated soil 65.66c 83.00c 65.13c 76.32b 167.40b 87.57b 60.30c 149.14b 74.40c 

99.50a 263.48a 146.60a 108.60a 322.76a 142.60a 64.74c 312.50a 104.47b Contaminated soil 
                                                   Uptake (mg) 

3.31c 
8.06a 

5.61cd 2.05c 2.40d 4.84cd 1.83c 1.39e 3.16d 0.92d Uncontaminated soil 
19.32a 6.10a 6.77b 15.18b 5.02b 2.99c 7.49c 2.05c Contaminated soil 

                                                 Total uptake (mg/plant) 
10.97c 9.07d 5.47e Uncontaminated soil 

33.48a 26.97b 12.53c Contaminated soil 
Average values followed by a similar letter within a column are not significantly different, using least significantly 
differences test procedure (L.S.D) at p ≤ 0.05 level of probability. 

 
2. Lead content 

It is evident from data in Table (3) revealed that highly significant differences in Pb content for 
leaves, shoots and roots after the third period of the study of polluted soil, the values were (7.84,8.04 
and 28.54 ppm, each in turn), but highly significant differences in Pb concentrations in shoots a 
decrease was noticed after 6 and 12 months, for all plant parts compared to 18 months, this mean that 
contaminated soil can uptake Pb for more time to clean up contaminated soil. For the Pb uptake in 
plant parts the obtained data showed that the used of contaminated soil in planting S. mucronata 
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plants had a significant effect on Pb uptake after 18 months, for all different plant parts.  The total Pb 
uptake revealed that its accumulation increased as the period of the study increased. The 
concentrations of Pb decreased in contaminated soil as S. mucronata plants has clean up the 
contaminates and translocated to all parts of the plant (leaves, shoots and roots). Phytoremediation 
aimed to remove contaminants from polluted soil by means of plants accumulating high 
concentrations of harmful toxic metals in their above ground parts (Maxted, 1999). In addition, it 
noticed that lead content in the leaves of all the periods of the study with different significant for 
polluted soil, it recorded 4.54 ppm for 6 months, 6.86 for 12 months and 7.84 ppm for 18 months. 
Also, the same trend was found with the lead concentration, for roots. This effect due to the efficiency 
of plant and the surrounding area of roots to clean up contaminates, it recorded (8.33, 15.00 and 28.54 
ppm) for (6, 12 and 18 months, respectively). For the Pb uptake in plant parts, the attained data 
showed that the contaminated soil has a significant (p≤0.05) effect on lead uptake after 18 months. 
Lead uptake was the highest in roots, followed by shoots then leaves as shown by (2.38, 0.56 and 0.39 
ppm, consecutively). For the total Pb uptake, it is clear that the accumulation increased as the period 
of the study prolonged. The highest significant Pb accumulation was found in contaminated soil as 
0.62, 1.53 and 3.33 mg/plant were clear after 6, 12 and 18 months, respectively. The translocation of 
Pb form contaminated site towards the plant parts was cited by several authors as, Guo Ying et al. 
(1996) on Populus Canadensis; Maxted (1999) on Salix pentandra; Boyter et al. (2009) on mountain 
willow; Sewalem et al. (2014) on helianthus annuus.  

 
3. Zinc content 

It is revealed from data in Table (3) that Zn concentration in plant parts during all periods of the 
study were different in contaminated soil as the concentration were higher than control. Significant 
differences between the two kinds of soil were found. Zinc content of shoots was higher than in either 
leaves or roots in the all periods of experimentation, i.e. 6, 12 and 18 months. The higher content of 
Zn concentration was reached after 12 months recorded (322.76 ppm). The Zinc concentrations in 
different parts of S. mucronata plants ranged from 74.40 to 104.47 ppm after 6 months, 87.57 to 
142.60 ppm after 12 months and from 65.13 to 146.60 ppm after 18 months in the leaves for both 
unpolluted and contaminated soils, respectively. With respect to Zn content in the shoots, it is ranged 
from 149.14 to 312.50 ppm after 6 months, 167.40 to 322.76 ppm after 12 months and 83.0 to 263.48 
ppm after 18 months for control and contaminated soil; consecutively, and in the roots ranged from 
60.30 to 64.74 ppm after 6 months, 76.32 to 108.60 ppm after 12 months, 65.66 to 99.50 ppm after 18 
months for the control and polluted soils. The element Zn may be translocated from the roots and 
accumulated in the top of the plants. It is reported that Zn to be concentrated in chloroplasts. This 
metal is, also, likely to be accumulated in vacuole fluids and in cell membranes (Tinker, 1981). These 
data were agreement with several authors, Brunner et al. (2008); Ghorab (2010) on Albizzia lebbek, 
Melia azedarach, Pongamia glabra, Taxodium distichum and Tipuana speciose. 
 

B. Nitrogen, Phosphorus and Potassium contents: 
 
1. Nitrogen content 

Results tabulated in Table (4) showed that N% in plants of S. mucronata differed significantly 
(p≤0.05) of both types of soils due to plants part and kind of treatment (contaminated soil). The leaves 
had the highest N% after 6 months compare to the 6 months and 18 months was recorded 2.46%. The 
higher N% content in leaves and shoots were recorded after 6 months followed by 18 months that 
were 2.46, 1.58, 1.46 and 1.05%, respectively. While in roots N% content was after 12 months that 
was 1.45%. These results are in agreement with Guidi et al. (2013) on Salix mastudana. The leaves 
uptake of nitrogen had increased as long as the period of study extended for contaminated soil  and  
the highly uptake was reached after 18 months (0.74 g) compared with control treatment that was 
(0.43 g), after 12 and 18 months shoots of polluted soil plants had higher N uptake, compared with 
control treatment (uncontaminated soil), which had (0.97 g), that reached (0.40 g), respectively, 
uptake of  N for roots was the higher after 12 months that reached (0.51 g), and the lower recorded 
after 6 months, that was (0.27 g), respectively. These results in line with Dickinson et al. (2005) on 
Salix sp. 
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2. Phosphorus content 
Results of Table (4) showed that the contaminated soil, differently affected P% in every parts of 

plant during the different periods, highly significant differences were noticed in P% after 12 months 
for leaves and roots that were 0.22% and 0.30%, respectively, while highly significant different after 
18 months for shoots and roots reached 0.50% and 0.21%, each in turn. However, the lower P% were 
0.12%, 0.15% and 0.13% in roots of control soil (uncontaminated) after 6, 12 and 18 months, 
respectively. The highest uptake P% in shoots of contaminated soil was clear after 18 months, but the 
lowest percentage value was clear after 6 months (0.46 and 0.04 g). Also, P uptake of leaves, shoots 
and roots of contaminated treatment after 18months was higher than the other two periods, the highest 
P uptake values were 0.08 g for leaves, 0.46 g for shoots and 0.11g for roots with highly significant 
(p≤0.05) differences among the different parts of plant compared with the control treatment for the 
same period. Regarding the total uptake of P, it is showed that plants of Salix mucronata planted in 
the polluted soil recorded higher P uptake 0.07, 0.26 and 0.65 g/plant after 6, 12 and 18 months, 
respectively. The enriched P soil through its organic matter, nutrients and the role of endomycorrhizal 
fungi, it turns account on P% and uptake in the different parts of plant. The same results are 
agreement with Witters et al. (2009) on willows; Vollenweider et al. (2011) on Populus tremula. 
  
Table 4:  Average values of Nitrogen, Phosphorus and Potassium content, uptake and total uptake of S. 

mucronata as affected by two type tested soils during 18 months (2015-2016).  
Concentration (%) - Nitrogen    

18 months  12 months  6 months  Treatments  
Roots  Shoots  Leaves  Roots  Shoots  Leaves  Roots Shoots Leaves  
0.78b 0.68c 1.43a 0.53c 0.55c 0.81b 0.77d  0.52d 2.08a Uncontaminated soil  
0.82b 1.0a 1.46a  1.45a 0.5c 1.80a  0.96c 1.58b 2.46a Contaminated soil  

                                                          Uptake (g)                 
0.31 c 0.4c 0.43d 0.15f 0.19e 0.1 f 0.18e 0.13f 0.25e Uncontaminated soil  
0.42b 0.97a 0.74 a 0.5a 0.33d 0.64b 0.27d 0.54b 0.5 c Contaminated soil  

                                                    Total uptake (g/plant)  
1.14d 0.51f 0.56e Uncontaminated soil  

2.13a 1.48b 1.35c Contaminated soil  
                                              Phosphorus - Concentration (%)   

0.13b 0.13b 0.11c 0.15b 0.12b 0.21a 0.12b 0.12b 0.17b Uncontaminated soil  

0.21b 0.50a 0.15c 0.30a 0.12b 0.22a 0.13b 0.13b 0.20a Contaminated soil  
                                                        Uptake (g)              

0.05c 0.08b 0.03bc 0.04d 0.04d 0.05b 0.03f 0.03e 0.02c Uncontaminated soil  
0.11a 0.46a 0.08 a 0.11b 0.07c 0.08a 0.04e 0.04d 0.04b Contaminated soil  

                                                 Total uptake (g/plant)  
0.16c 0.13d 0.08e Uncontaminated soil  

0.65a  0.26b 0.07f Contaminated soil  
  Potassium - Concentration (%)  

0.25c 0.85b 1.15a 0.20c 0.41b 1.25a 0.32c 0.95b 1.70a Uncontaminated soil 

0.33c 1.45a 1.65a 0.20c 0.80b 1.95a 0.33c 1.35a 1.80a Contaminated soil 
                                               Uptake (g)           

0.10b 0.51b 0.36d 0.06e 0.15e 0.27e 0.74d 0.24d 0.21f Uncontaminated soil 
0.17a 1.34a 0.83a 0.07d 0.45c 0.70b 0.09c 0.46c 0.40c Contaminated soil 

                                                  Total uptake (g/plant) 
0.97d 0.48f 1.19c Uncontaminated soil 

2.34a 1.22b 0.95e Contaminated soil 

Average values followed by a similar letter within a column are not significantly different, using least significantly differences 
test procedure (L.S.D) at p ≤ 0.05 level of probability. 

 
3. Potassium content 

Results tabulated in Table (4) showed that highly content in K% for shoots after 18 months and 
6 months for polluted soil, they were 1.45% and 1.35%, each in turn, after 12 months was the lowest 
and reached as 0.80%, for the contaminated soil compared with the control treatment. These results 
may be attributed to increasing available K in polluted soil compared to control soil. Many 
investigators obtained similar results as Sander and Ericsson (1998) on Salix viminalis; Karpiscak and 
Gottfried (2000) on cottonwood and willow. The uptake of Potassium for leaves after the third period 
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was the highest for polluted treatment, compared with control treatment, they were 0.83 and 0.36 g, 
respectively. Also, it was noticed that K uptake for leaves after 12 months was higher than the uptake 
after 6 months. It was recorded 0.70 and 0.40 g, consecutively.  Potassium (K) uptake for the 
contaminated soil in shoots recorded the highest after 18 months compared with K uptake after 12 
months (1.34, 0.46 and 0.45 g, consecutively). For K uptake by roots, it was noticed highly significant 
differences between all periods in contaminated soil were 0.09, 0.07 and 17.00 g for 6, 12 and 18 
months, respectively. For the total uptake of K, it takes the same trend after 18 months for the three 
nutrients (N, P and K) in polluted soil, and recorded (2.13, 0.65 and 2.34 g/plant, each in turn). This 
result may be attributed to the increase in available NPK in contaminated soil. Also, similar results 
found by Mleczek et al. (2010); Sander et al., (1998) on Salix alba and Salix viminalis. 
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