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Abstract 
Two plants species were used to study the uptake of heavy metals by plants; these were Lolium perenne and 

Cock's Foot. The species were grown in Hoagland's solution with double concentration of phosphate for one 

week; the roots species were cut and grown in Hoagland's solution without phosphate to prevent precipitation of 

any metal phosphate. Four experiments were run with a composite rotatable design with three variables and at 

five levels (-1.68,-1,o,+1,+1.68) was used. The metals were added as metal nitrate to Hoagland's solution in 

which the plants are grown on a logarithmic scale and after one week of grown the roots and shoots of plant were 

cut and digested with concentrated nitric acid and examined for metals by atomic absorption spectrophotometer. 

This research proved that some elements increased the absorption of other elements in growth solution to the 

shoot through root while other elements interfere the absorption phenomena for example zinc effects on 

absorption of copper 

Introduction 
To date, the mechanism of uptake of heavy metals by 

plant is not known, however it has been proposed 

that: 
1. Plant root excrete hydronium ion at their surface so 

that exchange with cat-ion can occur 
(1)

. 

2. Metal ions move to the root surface by diffusion so 

that adsorption of ion on the root surface occurs
 (2)

. 

3. The movement of metal ions from soil to shoots 

via roots in plants may occur in the way suggested 

below
(3)

. 

 

 
Scheme (1) The Movement of Metal Ion from Soil 

 

Heavy metals in the environment can reach toxic 

levels in plant by accumulation
 (4)

. Although trace of 

heavy metals are essential as key of components of 

enzyme system, other inhibit the system
 (5)

. There are 

many factors influencing the toxic heavy metals to 

plants, such as ion form, complex, chelate, molecule, 

colloidal, precipitated, adsorbed, charge and ionic 

radius of metal
(6)

. The studying of particular method 

for assessing the toxicity of metals on plants depend 

upon yield of plants and the concentration of metals 

in plant tissue
(7) 

fig (2). It was shown that the yield 

curve two lines when the concentration is plotted in a 

logarithmic form against the yieldof plant, one line is 

horizontal and the other a sloping regression line fig 

(3) which meet at the upper critical level
(8) 

. 
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Figure (1) Deficiency and Toxicity of Heavy Metals 

 

 

 

 
 

 

Response Surface Methodology (RSM) is a technique 

used in this work to study the relationships between 

one or more measured responses on the one hand and 

a number of input factors on the other
(9)

. 

RSM can be represented in three dimensions showing 

the relationship between response and factors
 (10)

. 

The estimated response in the composite rotatable 

design at a given point has a value which is 

dependent only on the distance of that point from the 

center of the design and not on the direction
 (11)

 fig 

(3). The previous design was used to study the 

interactive effects of elements upon plant growth; 

there are two major questions to be considered. How 

far does the presence of one of this element in: 
1. In the roots of plant modify the uptake of other 

elements and their translocation to the shoot
 (12)

. 

2. In the tissue of shoot modify the toxicity of the 

other elements in same tissue
 (13)

. 

 

Figure (2) Yield Cure for 
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Figure (3) Central Composite Rotatable design in the three X variables with Five levels 

 

Experimental Work and Results 
Lolium perenne and Cock's foot which are relatively 

hardy species of grass were chosen for study of 

uptake of heavy metals by plants table (1) they are 

very quick growing and hence ideal for this type of 

study using RSM. The plant was germinated and after 

ten days of development, five seedlings were taken 

and left to grow in Hoagland's nutrient solution with 

double concentration of phosphate for one week then. 

The root of the plant was cut and the fresh weight of 

each bunch was recorded. The design of experiment 

was composite rotatable with three variables;X1 

(trivalent metals Al
+3

and La
+3

), X2 (divalent metals 

Pb
+2

), and X3(monovalent metals Tl
+1

 and Ag
+1

). The 

metals were added as metal nitrate and the addition 

was on a logarithmic scale on a level from (-1.68,-

1,0,+1,+1.68) table (2). 

The plant left to grow again for one week in 

Hoagland's solution without phosphate, after that 

roots separated from shoots, the root length 

wasrecorded and dry weight of root was also recorded 

as yield of plant. The roots and shoots were digested 

with concentrated nitric acid and examined for metals 

by atomic absorption spectrophotometer. The results 

obtain given in tables (3-6). 

The 3-D plot of measured response with two metals 

was drawn up by SAS and GINO while other metals 

kept constant. The results obtained are shown in fig 

(4-7). 
 

Table (1) Heavy Metals Ione Added to Nutrient Solution 

 
 

Table (2)The Coded Value with Corresponding 

Concentration of Metal Ions (μg/ml) 

 



Tikrit Journal of Pure Science 21 (6) 2016 ISSN: 1813 – 1662 (Print) 

E-ISSN: 2415 – 1726 (On Line) 
 

04 

Table (3) Tissue Concentrations of La, pb, TI, Cu, Zn, Fe, Mg, and Mn in Roots of Cock's Foot Seedlings 

 
 

Table (4) Tissue Concentrations of La, pb, TI, Cu, Zn, Fe, Mg, and Mn in Shoots of Cock's Foot Seedlings 
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Table (5) Tissue Concentrations of La, pb, TI, and Fe in Roots of Lolium perenne Seedlings 

 
 

Table (6) Tissue Concentrations of Al , Pb , Ag ,and Fe in Shoots of Lolium perenne Seedlings 
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Figure (4) Response Surface  for Iron taken up by Roots of Cock's Foot at TI=0 

 

 

 
Figure (5) Response Surface  for Iron taken up by Shoots of Cock's Foot at TI=0 
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Figure (6) Response Surface  for Iron taken up by Roots of Lolium Perenne at  TI=0 

 

 

 
Figure (7) Response Surface  for Iron taken up by Shoots of Lolium Perenne at  TI=0 

 

Discussion 
In general, the results indicate that the level of 

essential metals such as Cu, Zn, Fe , Mg and Mn in 

roots of Cock's Foot seedling was higher than in the 

shoot( tables 3 and 4).Copper decrease the absorption 

of zinc and its translocation from roots to the shoot. 

Brar et alia
(14) 

reported that zinc and copper 

coordinate to N and S groups of amino acids, so it 

seems that copper by competing with zinc for the 

binding sites of amino acids may affect the 

translocation of Zinc with the plant. Brar et alia 
(15)

. 

also reported that by increasing the iron concentration 

the zinc uptake by plant was reduced. Wallace  and 

Sag 
(16)

 reported that nickel decreases the level of 

manganese in the shoot while it increases the level of 

cobalt and zinc in the shoot. Competition between 

such metals, Lead ,and zinc with thallium for binding 

site of sulphuramino acids can affect their 
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translocation and uptake by Cock's Foot Seedling 

which were used in the present work. Lolium Perenne 

seedling accumulates more metals in the root than in 

the shoots( tables 5 and 6), the interactive effect of La 

and pb on copper in the roots when TI level is held 

constant, the surface indicates that when pb is present 

in the nutrient solution in very low concentration 

higher level of copper are taken up by roots of 

Lolium perenne. Fig (4) illustrates the effect of La 

and Pb in nutrient solution on dry weight of plant 

when TI level is held constant at coded value 0. The 

surface indicate that when Pb is present in the 

nutrient solution in very low concentration class than 

a coded level at 1:00 which equivalent to 3.2×10
-

3
μg/ml higher level yield at plant produced than when 

the lead increased in nutrient solution also contained 

lanthanum. 

Fig (5) indicates the interactive at La and Pb in 

nutrient solution on copper in shoot at TI coded level 

at 0. The surface indicates that both and decrease the 

level of copper in shoot lead show negative 

interaction with copper content of roots while 

lanthanum behave so reduce the copper content, these 

results agree with Robert et alia 
(17)

. 

Fig (6) shown the effect of Al and pb in nutrient 

solution on dry weight of plant when Ag is held 

constant at coded value 0. The surface indicate that 

boat and decrease the yield at shoot. Lead shows 

negative interaction with copper content, these results 

agree with Mikal and Grad
(18)

. Fig (7) depicts the 

interactive effect between Al and pb on iron uptake 

into the shoot of Lolium Perenne on the one hand and 

Al and Ag on the other. The surface indicates that 

initially Al reduce the level of iron uptake. The 

effects are due to lead being particularly weak, those 

due to sliver more pronounced. The observation in 

these figures are in agreement with Lee Khoo 
(19)

 . 

however, when the concentration of the added metals 

in combination tends toward the maximum 

experiment levels, then the level of iron taken up 

increased markedly. 
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 دراسة امتصاص العناصر السامة من قبل النباتات باستخدام نظام رياضي جديد
 حسين حسن خرنوب ، حسن احمد حسن

 كمية الصيدلة ، جامعة تكريت ، تكريت ، العراق
 الملخص

 Lolium perenne, Cock's Footاستخدمت نوعين من النباتات لغرض دراسة امتصاص العناصر الثقيمة من قبل النباتات وهذين النوعين هما 
ل وقد تم نمو هذين النوعين من النباتات في محمول هوكلاند ذو تركيز مضاعف من الفوسفات لمدة اسبوع ثم قطعت الجذور واجري النمو في محمو 

مرة ثانية بدون اي تركيز لمفوسفات لمنع ترسيب العنصر بصورة فوسفات. وقد اجريت اربع تجارب ضمن تصميم دائري يحتوي عمى ثلاثة  هوكلاند
الذي  (. وقد اضيفت العناصر الثقيمة بصيغة نترات لمعنصر الى محمول هوكلاند-1..8,  -8,  0+, 8, + 1..8متغيرات وضمن خمسة مجالات )

مة يجري نمو النباتات فيه وبعد اسبوع من النمو يتم قطع الجذور والسيقان وهضمها باستخدام حامض النتريك المركز ويتم قياس العناصر الثقي
باستخدام تقنية طيف الامتصاص الذري. ولقد تم التوصل في هذا البحث الى وجود بعض العناصر في محمول النمو يساعد عمى امتصاص 

 اخرى الى الساق من خلال الجذر  بينما عناصر اخرى تعيق عممية الامتصاص والمثل  عمى ذلك يؤثرالزنك عمى  امتصاص النحاس.عناصر 
 


