
Middle East Journal of Applied 
Sciences 
ISSN 2077-4613 

Volume : 07 | Issue :04 |Oct.-Dec.| 2017 
Pages: 1052-1065 

 
 

Corresponding Author: Hend A. El-khawaga, Botany and Microbiology Department, Faculty of Science, Al-
Azhar University, Cairo, Egypt. 

1052 

Influence of lead polluted soil on growth, minerals content and yield components of flax 
(Linum usitatissimum L.) and canola (Brassica napus L.) 

 

Hend A. El-khawaga 
 
Botany and Microbiology Department, Faculty of Science, Al-Azhar University, Cairo, Egypt 

Received: 16 Oct. 2017 / Accepted: 19 Dec. 2017 / Publication date: 30 Dec. 2017 
 
ABSTRACT  
 

The impact of lead toxicity on some growth characters; minerals and oil content; fiber 
characteristics and yield components of flax (Linum usitatissimum, cultivar Giza 5) and canola 
(Brassica napus, cultivar Serw 4) at different growth stages; vegetative, flowering and maturity stages 
was evaluated. Plants were grown in pots containing soil treated with different concentrations of lead 
(250, 500, 1000 and 1500 mg/kg soil) as nitrate solution. Generally, the results showed that shoot and 
root lengths of flax and canola were significantly increased at low concentration of lead then 
decreased at higher concentrations compared to control. Lead accumulated in a dose-dependent 
manner in both plant species which result in plant growth reduction .The concentration of minerals 
(N, P, K, Ca, Mg, Zn and Fe), oil content and yield components in both species as well as fiber quality 
of flax were decreased by increasing concentrations of Pb2+.  

 
Key words: Lead, flax, canola, growth characters, minerals content, yield components. 

 
Introduction 

The heavy metals available for plant uptake are those present as soluble components in the soil 
solution or those solubilized by root exudates, Blaylock and Huang (2000) mentioned that plants 
require certain heavy metals for their growth and upkeep, excessive amounts of these metals can 
become toxic to plants and ability of plants to accumulate essential metals equally enables them to 
acquire other non-essential metals, (Djingova and Kuleff, 2000). The content of heavy metals in the 
environment has increased considerably in recent years due to the improper discard of industrial 
waste, to intensification of agricultural activities, and to the expansion of urban areas, resulting in 
serious socio-environmental problems (Zalewska, 2012). When concentrations of metals within the 
plant exceed optimal levels, they adversely affect the plant both directly and indirectly. Some of the 
direct toxic effects caused by high metal concentration include inhibition of cytoplasmic enzymes and 
damage to cell structures due to oxidative stress (Jadia and Fulekar, 1999). The indirect toxic effect is 
the replacement of essential nutrients at cation exchange sites of plants (Taiz and  Zeiger, 2002). In 
most cases, uptake of metals causes a reduction of biomass production by plants, but in extreme cases 
in which the content of these metals is too high, the area may become desertified (Koptsik, 2014).  

In addition, cultivation of plants in contaminated areas promotes the uptake of heavy metals, 
which, when consumed by humans, may cause numerous health problems, such as emphysema, 
gastric dysfunction, and cancer (Lou et al., 2015). Growth reduction as a result of changes in 
physiological and biochemical processes in plants growing on heavy metal polluted soils has been 
recorded (Oancea et al., 2005). A continued decline in plant growth reduces yield which eventually 
leads to food insecurity. Heavy metal contaminated in soil decreased root length, leaf area, root and 
shoot biomass and yield of plants (Nyquist and Grege, 2007).  

The presence of heavy metals in soil solution or in nutrient solution firstly modifies the uptake 
of nutrients by plants, especially of cationic micronutrients Cu2+, Fe2+, Mn2+, and Zn2+ due to their 
competition for the same uptake sites located in the roots (Zhang et al., 2014). After they are 
absorbed, heavy metals can alter the process of transfer of electrons existing in cell organelles, 
providing favorable conditions to the generation of reactive oxygen species (ROS), which cause lipid 
peroxidation of membranes in all plant tissues (Farmer and Mueller, 2013).  

Lead (Pb) is considered as one of the most common and toxic environmental contaminants 
found in soils (Gall and Rajakaruna, 2013). Unlike other metals, Pb has no biological role, and is 
potentially toxic to all organisms, including microbes (Sobolev and Begonia, 2008).  
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Hyperaccumulators accumulate 10 to 500 times more metals than ordinary plant, hence they are 
very suitable for phytoremediation (Chaney et al., 1997). An important characteristic which makes 
hyperaccumulation possible is the tolerance of these plants to increase concentrations of these metals 
(hypertolerance). This could be a result of exclusion of these metals from the plants or by 
compartmentalization of these metal ions; that is, the metals are retained in the vacuolar 
compartments or cell walls and thus do not have access to cellular sites where vital functions such as 
respiration and cell division take place (Garbisu and Alkorta, 2003).  

Several Brassica species are known metal accumulators and have been evaluated as potential 
phytoextraction plants (Gall and Rajakaruna, 2013). The fact that some of these plants can accumulate 
relatively high amounts of toxic metals, without visible symptoms, and are also food crops, leads to 
potential contamination of the food chain,( Gall et al., 2015) and this has to be taken into account in 
any phytoremediation process.  

Brassica napus (rapeseed) is consumed as a vegetable but its main use is as a source of oil, 
being one of the largest sources of edible oil in the world (Hayward, 2012 and Goncalves et al., 
2013). The by-products from oil production are used in animal feed. Canola selected as metal-
phytoremediation plant due to its characteristics of fast-growing, high biomass and considerable 
tolerance to heavy metals such as Zn, Cd and Pb (Hernández-Allica., 2008).  

Among all the oilseed crops, linseed (Linum usitatissimum L.) ranks fourth in importance in 
term of the area as well as production. It is cultivated in almost all the countries of the world. It is 
chiefly grown as a fiber crop in European and other temperate countries while in India it is 
exclusively cultivated as oilseed crop. Flax is considered one of the most promising fiber and oil crop 
in Egypt. It is proposed to close up the gap of oil consumption by planting flax. Also, flax plant can be 
used successively as a phytoremediation in cleaning the polluted soils with Ni, Pb and Cd (Zein, 
2004).  

Flax and canola are two important agricultural species, so it appeared to be of interest to 
compare the effects of lead exposure on these two species. In the present study, the effects of lead 
toxicity on the growth, minerals content (N, P, K, Ca, Mg, Cu, Zn and Fe) and oil content, and yield 
components of flax and canola plants was investigated. In addition, accumulation of lead in root and 
shoot were also studied 
 
Materials and methods 
 

A pot experiment was carried out during winter season of 2013-2014 at a fenced area under the 
prevailing environmental conditions, Faculty of Agriculture, Al-Azhar University at Nasr City, Cairo, 
Egypt to investigate the effect of lead on some growth characters, minerals and oil content, fiber 
quality and yield components of flax (Linum usitatissimum L., cultivar Giza 5) and Canola (Brassica 
napus L., Serw 4). Planting was done in plastic pots (25 cm in diameter and 24 cm in height), each pot 
was filled with 7 kg of sandy loam soil. The pots were designed as a complete randomized pattern 
with five replicates for each treatment. Seeds of flax and canola were obtained from the Agricultural 
Research Center, Giza, Egypt. Ten seeds were sown in each pot. The seeds were directly planted at 
depth of 1.5 cm from the soil surface. After complete emergence (two weeks from sowing date), 
seedling was thinned to 5 identical ones in each pot. Irrigation was monitored at 60% of water holding 
capacity (WHC). Canola plant was fertilized with NPK at the rate of 150 kg N/ Fadden (as 
ammonium nitrate 33.5%), 100 kg/ Fadden P2O5 (as superphosphate 15.5%) and 50 kg/ Fadden K2O 
(as potassium oxide 20.5%), while flax plant was fertilized in the same manner as canola plant 
without addition of K2O, as  recommended dose of Agriculture Ministry. Physico-chemical characters 
of contaminated soil and some biochemical analyses of flax and canola plants were identified in 
previous work (El-khawaga 2014). 
  
Heavy metal treatment: 
 

Different levels of lead were added as nitrate solution at the rate of 250, 500, 1000 and 1500 
mg per each kg soil in addition to the control (without adding lead). The lead was added to the soil 
before cultivation. 
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Sampling: 
 

Two samples for both shoots and roots were taken to represent the vegetating and flowering 
stages; after 30 and 60 days from planting date, respectively, the plants were harvested after 150 days 
from planting date. The following determinations were carried out:  

 
Growth measurements 
 
 1. Shoot and root length (cm/plant) 
 

Ten plants from each treatment were chosen randomly to measure morphological parameters. 
Roots and shoot length were measured of each replicate with help of scale. 
 
2. Dry weight (g/plant) 
 

The plant shoots and roots for each treatment were rinsed with distilled water then dried in an 
oven at 70˚C till a constant dry weight was obtained; the dry weights were calculated as g/plant. 

 
Determination of tolerance index 
 

The tolerance index (TI) was determined to assess the ability of the flax and canola plants to 
grow in the presence of a given concentration of Pb according to the following equation (Wilkins, 
1978). 

 
Value of trait of treated plants 

TI (%) = ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ x100. 
Value of trait of control plants 

Plant metal concentration: 
 

For analysis of nutrient concentrations, a known plant powder of the plants extracted by wet 
acid digestion in a mixture of concentrated sulfuric acid (H2 SO4) and 30% hydrogen peroxide (H2O2), 
as described by Jones (2001). The digested samples were adjusted to a volume of 100 mL with 
deionized water to carry out the analysis of N, P, K, Ca, Mg, Fe, Zn and Pb. Protein nitrogen was 
estimated applying the modified micro-Kjeldahl method as described by Peach and Tracey (1956). 
Phosphorous concentration was determined colorimetrically as described by Humphries (1956).  The 
concentration of K was estimated by flame photometry. Meanwhile ca, Mg, Fe, Zn and Pb were 
determined simultaneously by flame absorption spectrophotometry using Atomic Absorption 
spectrophotometer (unicam SP 1900). Nitrogen, phosphorous, potassium, calcium, and magnesium, 
were expressed as g/100g  dry weight, while that of Zn2+, Fe2+ and Pb2+ were expressed as µg/g of 
tissue dry weight.  

 
Yield and yield component attributes: 
 
      At harvest time (after 150 days from planting date) the following data were determined: 
1- Length of the capsule, number of capsule/plant, number of seeds/ capsule and weight of 100 seeds 

of flax, while in canola capsule replaced by siliqua. 
2- Quality attributes for flax plant. 
2.1. Fiber length (cm).           
2.2 The crude fiber content was estimated according to Aldwairji et al., (2014) who developed a 

method based on a procedure by the A.O.A.C. (1995). 
 2.3 Fiber finess in metrical number (Mn) was determined as described by Radwan and Momtaz 

(1966) as follows; Metrical number (Mn) expressing the finess was obtained by following 
formula: 
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              NxL 
Mn = ـــــــــــــ    where: 
            G 
Mn: Metrical number 
L: length of fiber in mm. 
N: number of fiber 
G: weight of fiber in mg   

3-Seed oil content was determined as adopted by the methods of A.O.A.C. (2000) with soxhlet 
apparatus and the results expressed as percent (%). 
 
Statistical analysis: 
  

The statistical analysis was performed for each parameter, and the values compared as per 
least significant difference test at p <0.05. All statistical analyses were carried out using the SAS 
program, (SAS, 2004).  

 
Results and Discussion 
 
Growth characters: 
 

Lead induced morphological and growth changes as shown in Table (1). Data reveal that 
shoot and root lengths of flax and canola were mostly increased significantly at low concentration of 
lead (250 mg/kg) then decreased at higher concentrations compared to control, this reduction is true at 
vegetative and flowering sampling stages. In agreement with the present study, Ma and Hong (1998) 
reported that low concentration of mercury (10-5 mol/L) stimulated the growth of wheat seedlings. 
The reasons for this may be that low concentration of Hg increased the activities of amylase, 
proteinase and lipase, speed up the decomposition of endosperm and the respiration rate so that the 
germination was more rapid. While the reduction of shoot length as a result of increasing Pb2+ 
concentration may be due to a decrease in photosynthesis; it upsets mineral nutrition and water 
balance, change hormonal status and affects membrane structure and permeability (Sharma and 
Dubey, 2005), also the decreasing of root length as a result of increasing Pb2+ concentration may be 
due to presence of calcium in root tips leading to a decrease in cell division and cell elongation (Eun 
et al., 2000 & Bashmakov et al., 2005). 

 In regard to the dry weights of shoot and root, Table (1) represents that increasing the 
concentration of Pb2+ mostly decreased significantly the dry weight of shoot and root at both 
vegetative and flowering stages. Similar results were obtained by Bhatti et al., (2013) who reported 
that Pb2+ application at high concentrations (40-60 ppm) inhibits dry weights of two varieties of wheat 
due to changes in metabolism and physiology of plants. It also decreased the dry weights of both root 
and shoot in sunflower (Azad et al., 2011). This foundation can be essentially attributed to a 
deficiency of macroelements (especially P, K, Ca and Mg), which results from an inhibition of their 
uptake under Pb exposure (Lamhamdi et al., 2013). 

 
Table1: The effect of Pb2+ (mg/kg soil) on growth characters of flax and canola plants at vegetative and 

flowering stages. 
Growth 

characters 
Growth 

stage 
Flax Canola LSD 

at 5% Cont. 250 500 1000 1500 Cont. 250 500 1000 1500 
Shoot 
length 

Veg. 13.6 14.7 12.5 9.1 7.5 9.0 10.4 8.1 6.4 5.3 1.11 
Flow. 29.1 29.3 28.1 21.7 19.5 15.7 17.8 14.1 11.2 10.0 1.80 

Root 
length 

Veg. 5.2 5.9 4.8 4.6 3.9 6.3 6.7 5.4 3.8 3.2 0.75 
Flow. 9.3 9.5 8.9 8.2 7.1 8.2 8.7 7.5 5.8 4.9 0.73 

Dry wt. 
/plant 

Veg. 1.0 1.2 0.8 0.8 0.7 3.2 3.5 3.0 2.8 1.9 0.41 
Flow. 2.9 3.2 2.7 2.7 2.3 7.5 8.5 6.3 4.8 4.3 0.56 
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Lead tolerance index value (Pb TI) for some growth characters, shoot & root length and their 
dry weights at lead treatments are shown in Table (2). According to  (Pb TI) for shoot and root length, 
canola showed more reduction in their growth as compared to flax which is taller than canola, this 
was largely due to the genetic makeup of the plant, environment and genotype environment 
interaction (Al-Ashkar and El-Kafafi, 2014). Lead tolerance index value for shoot & root dry weight 
was higher in flax than those for canola beyond 250 mg/kg of lead, so dry matter accumulation was 
significantly affected by lead treatment in canola than in flax. This might be attributed to the effect of 
heavy metals toxicity on cell division and/or cell expansion and might be through its effect on DNA 
and RNA synthesis; heavy metals are known to promote protein denaturation (Gadd and Griffiths, 
1978) and to increase the hydrolytic activities of proteases, (Erdem et al., 2012) RNAase and DNAase 
enzymes (Lee et al., 1976 and Munzuroglu and Zengin, 2006). 
 
Table 2: Lead tolerance index (Pb TI%) of flax and canola plants at vegetative and flowering stages. 

Growth  characters 
Growth 

stage 
Flax Canola 

250 500 1000 1500 250 500 1000 1500 

Shoot length 
Veg. 108 92 67 55 87 78 62 51 
Flow 101 97 75 67 88 79 63 56 

Root length 
Veg. 113 92 88 75 94 81 57 48 
Flow 102 96 88 76 94 86 67 56 

Dry wt. /plant 
Veg. 83 67 67 58 91 86 80 54 
Flow 110 93 93 79 88 74 56 51 

 
Macro- and micro element uptake and distribution: 
 

Tables (3-9) represent macro and micro-element contents (nitrogen, phosphorus, potassium, 
calcium, magnesium, iron and zinc) in shoot and roots of flax and canola plants at vegetative and 
flowering stages as affected by different concentrations of Pb2+. The data show that elements contents 
significantly decreased by increasing Pb2+ concentrations except nitrogen concentration increased 
significantly in flax and canola shoot at low concentration of Pb2+ (250 mg Pb2+/kg soil). It was 
noticed that elements content in both shoots and roots were considerably decreased significantly by 
plant ages, also decrease significantly by increasing Pb2+ content in the soil. It was also noticed that 
macro-elements contents in shoots were greater than in roots while roots of flax and canola plants 
contained more micro-elements Fe and Zn concentration than shoots. These results agreed with 
previous studies which reported that, using Pb+2 decreased macro-elements in different plants (Khider, 
1996, Kibria, 2008 and Ashraf et al., 2011). The reduction observed at higher heavy metals treatments 
could be due to impaired root growth leading to a reduced uptake of essential nutrients and water in 
addition to the subsequent impact on plant biomass (Chatterjee and Chatterjee, 2000).  
  Nitrogen is a constituent of various components of the plant cell, including amino acids, 
nucleic acids, and chlorophylls (Taiz and Zeiger, 2013). It is absorbed by roots in the form of nitrate 
(NO3

-) and ammonium (NH4
+), with preferential uptake in the anionic form (nitrate). The absence of 

changes in N content observed resulted from the lack of competition between this nutrient and the 
toxic metal. This may explain why little information is available in the literature regarding changes in 
N concentrations in plants grown in the presence of Pb (Abreu et al., 2016). 
 
Table 3: The effect of Pb2+ on nitrogen content (g/100g) in shoot and root of flax and canola plants at vegetative 

and flowering stages. 
Pb2+conc. 

(mg/kg 
soil) 

Flax Canola 
Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 

0 2.53 2.20 3.53 3.16 2.33 1.76 3.03 2.76 
250 3.03 2.50 3.96 3.60 2.66 2.03 3.53 3.20 
500 2.10 1.73 2.96 2.66 1.86 1.36 2.70 2.40 

1000 1.83 1.33 2.50 2.22 1.40 1.06 2.10 1.73 
1500 1.30 0.90 1.93 1.56 1.00 0.76 1.46 1.30 

LSD at 5% 0.181 0.155 0.220 0.244 0.140 0.225 0.269 0.157 
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Increase in the phosphorus concentrations in shoot tissues than in root, in conjunction with the 
growth reduction, indicates a concentration effect (IMO, 2012). There was a decrease in the P levels 
in the roots, which might be due to lead chelating to avoid metal precipitation with P in the form of 
the Pb-P complex (Abreu et al., 2016). So Pb stress did not affect the P translocation from roots to 
shoots in flax and canola plants (Table 4). 
 
Table 4: The effect of Pb2+ on phosphorus content (g/100g) in shoot and root of flax and canola plants at 

vegetative and flowering stages. 
  

Pb2+ conc. 
(mg/kg soil) 

Flax Canola 
Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 
0 1.58 1.13 1.86 1.24 1.61 1.36 1.75 1.53 

250 1.43 1.02 1.62 1.12 1.37 1.24 1.54 1.33 
500 1.14 0.87 1.31 0.98 1.12 1.02 1.25 1.14 

1000 0.86 0.64 1.03 0.73 0.71 0.64 0.84 0.73 
1500 0.64 0.52 0.87 0.61 0.59 0.51 0.76 0.62 

LSD at 5% 0.660 0.372 0.805 0.230 0.363 0.414 0.533 0.494 

 
Although potassium is not a constituent of an important organic compound in the cells, it is 

essential for the process of respiration and photosynthesis. It properly acts as an activator of many 
enzymes involved in carbohydrate metabolism and protein synthesis (Jain, 2004). Owing to growth 
inhibition, the reduction in K amount per plant is even more impressive (Table 5).  This results in 
agreement with Paivoke (2002) on Pisum sativum, Malkowski et al., (2002) on corn, and Akinci et 
al., (2010) on tomato found the same inverse relationship between lead and K concentrations. 
 
Table 5: The effect Pb2+on potassium content (g/100g) in shoot and root of flax and canola plants at vegetative 

and flowering stages. 
 

Pb2+ conc. 
(mg/kg soil) 

Flax Canola 
Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 

0 0.97 0.64 4.21 3.11 1.12 0.78 4.43 3.68 
250 0.71 0.55 3.76 2.78 0.91 0.67 3.96 3.01 
500 0.58 0.48 3.34 2.28 0.76 0.56 3.52 2.43 

1000 0.52 0.42 3.10 2.12 0.61 0.45 2.98 2.02 
1500 0.46 0.37 2.64 1.46 0.48 0.38 2.54 1.51 

LSD at 5% 0.018 0.018 0.116 0.181 0.020 0.018 1.629 1.677 

  
Calcium is a key element for maintaining cell integrity because as a divalent ion Ca form 

intramolecular complexes and bind molecules to form intermolecular complexes (Pilbeam and 
Morley, 2007). Lead induced Ca deficiency may cause disturbances in cell division and elongation 
processes (Sharma and Dubey, 2005). Calcium is required for the formation of the mitotic spindle 
during cell division and for the synthesis of the new cell wall in newly divided cells. It is also 
necessary for the physical integrity and normal function of membranes and, more recently, has been 
considered as a second messenger for various plant responses to hormonal and environmental signals 
(Taiz and Zeiger, 2013). The data from this study suggested that reduced calcium levels could, at least 

partly, explain the Pb-induced growth reduction in flax and canola plants (Table 6).  
In plant cells, Mg ions have a specific role of activating a number of enzymes involved in 

respiration, photosynthesis and DNA and RNA synthesis (Taiz and Zeiger, 2013). In addition, they 
have a structural role in the chlorophyll molecule, stabilization of proteins, ribosomes, nucleic acids 
and membranes and are critical in the reactions involving ATP (Hopkins and Hüner, 2009). Since Mg 
is an essential component of chlorophyll and enzyme processes of energy metabolism, its deficiency 
affects the carbon assimilation and energy transformations (Merhaut, 2007). Considering that both 
growth and Mg contents were affected by Pb present in the culture medium, the reduction in the Mg 
content in all plant parts indicated an antagonistic effect between Mg and Pb at the absorption sites 
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(IMO, 2012). Thus, it is likely that the reduction in the levels of this nutrient is an important factor 
affecting the metabolism of flax and canola plants and, consequently, reducing their growth (Table 7). 
 
Table 6: The effect of Pb2+ on calcium content (g/100g) in shoot and root of flax and canola plants at vegetative 

and flowering stages. 
  

Pb2+ conc. 
(mg/kg soil) 

Flax Canola 
Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 

0 5.50 5.02 7.60 7.20 5.99 5.12 6.87 6.24 
250 4.60 4.00 6.70 6.03 5.87 5.24 6.02 5.87 
500 4.01 3.66 5.80 5.40 4.65 4.06 5.02 4.45 

1000 3.72 3.03 4.80 4.20 3.22 2.95 4.11 3.23 
1500 3.00 2.79 4.00 3.81 2.45 2.01 2.98 2.52 

LSD at 5% 1.029 1.263 1.843 1.217 1.273 1.012 1.288 1.022 

 
Table 7: The effect of Pb2+ on magnesium content (g/100g) in shoot and root of flax and canola plants at 

vegetative and flowering stages. 
Pb2+conc. 

(mg/kg soil) 
Flax Canola 

Root Shoot Root Shoot 
Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 

0 1.76 0.96 2.21 1.12 1.92 1.01 2.54 1.75 
250 1.32 0.81 1.94 0.97 1.73 0.91 2.28 1.48 
500 1.08 0.68 1.83 0.80 1.60 0.82 2.04 1.22 

1000 0.92 0.59 1.70 0.71 1.48 0.67 1.75 1.03 
1500 0.78 0.52 1.45 0.63 0.90 0.55 1.61 0.87 

LSD at 5% 0.016 0.018 0.018 0.016 0.082 0.018 0.016 0.018 

 

Results recorded in Tables (8 & 9) indicated that roots of flax and canola plants contained 
more micro-elements Fe and Zn concentration than shoots. It was noticed that previous micro-
elements content in both roots and shoots were considerably decreased by plant ages, also decrease by 
increasing Pb+2 content in the soil. Similarly, microelement contents were affected by increasing lead 
concentrations. The level of iron and zinc in roots and shoot showed decreases with increasing Pb+2 
applications. This result was explained that decreases in leaf chlorophyll concentration caused by 
heavy metals are generally attributed to an induced Fe deficiency (Wallace et al., 1992). The uptake 
of nutrients decreases depending on antagonistic or synergistic (interactions) effects among plant 
nutrients. In this concern, Moustakas et al. (2011) stated that the cadmium and zinc are elements 
having chemical similarity can lead to interaction between Cd and Zn during plant uptake, transport 
from roots to the aerial parts, or accumulation in edible parts. The reduction of ionic content can result 
from inhibition of ion uptake and from additional ion leakage from the plants (Lamhamdi et al., 
2013).  
 
Table 8: The effect of Pb2+ on iron content (µg/g dry wt.) on shoot and root of flax and canola plants at 

vegetative and flowering stages. 
 

Pb2+ conc. 
(mg/kg soil) 

Flax Canola 
Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 
0 387 359 329 298 364 321 338 287 

250 352 331 314 287 329 269 287 245 
500 292 264 252 238 278 225 257 197 

1000 221 196 185 156 189 126 153 108 
1500 124 102 98 75 115 78 97 62 

LSD at 5% 4.38 3.90 5.27 4.81 4.94 4.25 4.06 5.20 
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Table 9: The effect of Pb2+ on zinc content (µg/g dry wt.) in shoot and root of flax and canola plants at 
vegetative and flowering stages. 
 

Pb2+ conc. 
(mg/kg soil) 

Flax Canola 

Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 

0 269 200 235 156 221 196 198 188 
250 224 189 209 119 192 176 184 176 
500 203 157 178 97 187 149 169 144 

1000 158 131 112 74 158 131 142 121 
1500 108 87 89 56 112 96 105 82 

LSD at 5% 3.63 1.81 2.30 2.69 5.14 2.93 3.63 2.93 

 
Lead uptake and accumulation:   

 
The data of Pb2+ concentrations in root and shoot of flax and canola in different Pb2+ 

treatments are shown in Tables (10); the data show that there was a drastic increase in the Pb2+ content 
of root and shoot by increasing its concentration in soil. It was obvious that Pb2+ content in both root 
and shoot were decreased by plant age, also Pb2+ accumulation in roots was considerably much higher 
than in the shoots, indicating that most Pb2+ absorbed in roots and a small proportion translocated into 
above-ground plant parts. The possible reason for their accumulation in roots could be the 
immobilization of heavy metals in the vacuoles of root cells (Islam et al., 2015). It is known that lead 
physically blocks the access of many ions to their absorption sites on the roots (Godbold and Kettner, 
1991). It was concluded that flax could have a better capacity to control lead entry even if in fact, 
when calculated for the whole plant, so flax contain more lead concentration than canola. Species 
differences were already observed by Mesmar and Jaber (1991), who showed that wheat seedlings 
take up more lead than lens, and this difference was tentatively explained by the presence of nitrogen-
fixing nodules on leguminous roots, which would prevent lead uptake by lentil plants. Bazzaz et al., 
(1974) used a similar argument to explain the differences in Pb uptake between corn and soybean. 
This difference in Pb uptake between flax and canola could be related to a higher capacity of falx to 
resist oxidative stress generated by Pb, as observed in our previous work (Lamhamdi et al., 2010), but 
such an explanation should be regarded as only tentative. 
 
Table 10: The effect of Pb2+ on Pb2+ content (µg /g dry wt.) in shoot and root of flax and canola plants at 

vegetative and flowering stages. 
 

Pb2+ conc. 
(mg/kg soil) 

Flax Canola 
Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 

Cont. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
250 60.6 59.5 10.1 5.7 52.3 50.6 6.2 6.8 
500 220.0 215.0 44.0 8.6 82.6 81.4 11.8 8.3 

1000 230.0 224.0 49.0 10.0 90.5 85.3 14.4 12.0 
1500 244.0 239.0 50.6 18.4 110.0 90.0 17.6 14.0 

LSD at 5% 3.39 4.51 1.88 0.87 1.88 1.80 0.84 1.15 

 
In order to better visualize the effects of Pb, the data have been expressed as the percentage 

change in nutrient contents relative to control values (Table 11). At highest lead concentration, the 
concentrations of macro and micro elements in flax and canola are noticeably lower compared to 
corresponding control values. The reduction of element contents is much lower in canola than in flax. 
Of course, owing to growth inhibition, so flax appears more tolerant than canola to lead treatment. 
Akinci et al., (2010) on tomato and Lamhamdi et al., (2013) on spinach and wheat found the same 
inverse relationship between lead and minerals concentration. 
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Table11: The percentage of changes in nutrients concentrations as affected by lead treatment (1500 mg/ kg soil) 
of flax and canola. 

 
Nutrient 

Flax Canola 
Root Shoot Root Shoot 

Veg. Flow. Veg. Flow. Veg. Flow. Veg. Flow. 

N -0.64 -0.57 -0.51 -0.45 -0.63 -0.62 -0.59 -0.59 
P -0.59 -0.54 -0.53 -0.51 -0.63 -0.63 -0.57 -0.59 
K -0.53 -0.42 -0.37 -0.53 -0.57 -0.51 -0.43 -0.59 

Mg -0.56 -0.46 -0.34 -0.44 -0.53 -0.46 -0.37 -0.50 

Ca -0.45 -0.44 -0.47 -0.47 -0.59 -0.61 -0.57 -0.60 
Fe -0.68 -0.72 -0.70 -0.75 -0.68 -0.76 -0.71 -0.78 
Zn -0.60 -0.54 -0.62 -0.64 -0.49 -0.51 -0.47 -0.56 

 
Oil content in flax and canola: 
 

The seed oil content of flax and canola were decreased with increasing Pb2+ concentrations at 
yield stage (Table 12). At the highest concentrations of Pb+2; seed oil contents were reduced by 12.9 
& 8.9 % for flax and canola respectively as compared to corresponding control. The obtained data are 
also in line with the notion of Gupta and Gaur (1993) in mustard, Aggarwal et al., (1995) on 
sunflower, Khan et al., (2013) on soybean and Ahmad et al., (2015) on Brassica juncea. The decrease 
in oil content may be due to oxidation of polyunsaturated fatty acids. It is also possible that metals 
could affect lipid synthesis and/or composition which are based on the hypothesis, that metal toxicity 
is mediated by metal inactivation of physiologically essential thiol-containing enzymes and cofactors 
which may affect the level of oil content (Jones et al., 1987). 
 
Table12: The effect of lead on seed oil content (%) in flax and canola at yield stage. 

Canola Flax Lead (mg/kg soil) 

44.77 39.65 0 
43.32 39.25 250 
42.30 38.25 500 
41.12 37.66 1000 
39.00 36.11 1500 
3.54 3.04 LSD at 5% 

 
Fibre characters: 
 

In flax, lead treatments show a biphasic effect on fiber characters (length, finess and fiber 
content) at yield stage (Table 13). Results indicate that flax possessed better fiber content, finess and 
more elongation at lower Pb2+ levels (250 and 500 mg/ kg soil) then decreased back to at the higher 
concentrations of Pb (1000 and 1500 mg/ kg soil).  

 
Table13: The effect of lead (mg/kg soil) on fiber of flax at yield stage. 

Fibre content (%) Fiber finess (Mn) Length (cm) Lead (mg/kg soil) 
10.2 159.1 22.1 0 
14.2 183.1 29.4 250 
13.8 180.9 28.2 500 
9.2 150.1 20.7 1000 
6.8 142.9 18.2 1500 

2.69 6.87 4.48 LSD at 5% 

 
The fiber length, finess and content were reduced by 10.2, 35.3 and 33.3% respectively as compared 
to control at the highest concentrations of Pb2+. These results were in agreement with Li et al., (2012) 
on three cotton cultivars under different concentrations of Cd2+ stress. Also, Alia et al., (2015) 
reported that fiber characters in Spinacia olaracea were significantly reduced under high 
concentration of Pb2+. Qin and Zhu (2011) reported that Ca2+ influx to the fiber tips was required for 
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sustaining fast cell elongation. The promotion of fiber elongation exposed to a lower amount of heavy 
metals might be due to an elevation in Ca2+ level, which is required for fiber tip growth. Calcium-
mediated signal transduction plays a crucial role in the growth of fiber tips. Therefore, it can be 
deduced that heavy metals might have been entered into the cells through calcium channels 
competitively.  
 
Yield components: 
 

Results in Tables (14 & 15) show the effect of different concentrations of Pb2+ on various 
yield components; (length of capsule, number of capsules/plant, number of seeds/capsule and weight 
of 100 seeds) and (length of siliqua, number of siliqua /plant, number of seeds/ siliqua and weight of 
100 seeds) for flax and canola plants respectively. These data revealed that the different studies yield 
components were significantly decreased by increasing concentrations of Pb2+. The lowest values for 
the different yield characters were attained by adding the highest levels of Pb2+; these were depressed 
by 12.63, 35.00, 21.05 and 56.93 (length of capsule, number of capsule/plant, number of 
seeds/capsule and weight of 100 seeds) in flax, in the same order, 43.55, 59.09, 47.43 and 21.97% 
(length of siliqua, number of siliqua /plant, number of seeds/ siliqua and weight of 100 seeds) in 
canola respectively as compared with corresponding control. Reductions in yield components are a 
typical index of plant sensitivity to various stresses. In various crop species (e.g pea, wheat, fodder 
vetch, rapeseed and maize), yield reduction under multiple heavy metal stresses have been observed 
(Sharma and Agrwal, 2005). These results were in agreement with those of Zhang et al., (2002) who 
found a significant reduction of wheat grain weight per plant under cadmium treatment. Also, Li et 
al., (2012) who found that the deleterious effect of heavy metal on cotton yield was dose-dependent, 
with the increase in heavy metal level, changes in yield and its components also become evident. 
Heavy metal affects guard cell regulation by entering the cytosol via Ca2+ channels, suggesting that 
there is an interaction between the roles of heavy metals and essential non-toxic cations (Perfus-
Barbeoch et al., 2002). 
 
Table 14: The effect of lead (mg/kg soil) on yield components of flax. 

 Growth characters Control 
Lead (mg/kg soil) 

LSD at 5% 
250 500 1000 1500 

Length of capsule(cm) 0.95 0.90 0.88 0.86 0.83 0.13 
No. of capsules/ plant 40.00 37.00 36.00 35.00 26.00 3.04 
No. of seeds/ capsule 9.50 9.00 8.89 8.37 7.50 1.25 
Wt. of 100 seeds(g) 2.02 1.83 1.54 0.90 0.87 0.18 

 
Table 15: The effect of lead (mg/kg soil) on yield components of canola. 

Growth characters Control 
lead (mg/kg soil) 

LSD at 5% 
250 500 1000 1500 

Length of siliqua (cm) 6.20 5.60 5.00 4.30 3.50 1.32 
No. of siliqua/ plant 49.50 46.70 39.30 22.00 20.25 3.04 
No. of seeds/ siliqua 25.30 21.60 17.50 13.90 13.30 2.27 
Wt. of 100 seeds (g) 1.32 1.21 1.18 1.09 1.03 0.34 

 
Conclusion 
 

It is obvious from our results that lead treatment even at low concentrations induces large 
disturbances in ion uptake by plants, which results in profound metabolic changes and finally in a 
strong inhibition of plant growth. A flax and canola exhibit different susceptibilities to lead treatment 
and flax appears more tolerant. Future experiments will be aimed at searching for the mechanisms 
responsible for the improved protection of flax against the deleterious effects of lead. 
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