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A B S T R A C T   

Seeds of 15 wheat genotypes were sieved and separated to two seed size groups (seed retained on 4 mm mesh and retained on 2.8  mm mesh). In the 

lathhouse study the seeds of the 15 wheat genotypes were grown under factorial combination of four levels of Fe treatment and two seed size groups in 

order to investigate the combined effect of iron and wheat (Triticum aestivum L. )genotype on Fe, Zn, Cu and Mn by measuring the concentration of 

these micronutrients in wheat seedling plants grown in calcareous soil containing different amount of Fe under lathhouse conditions. Our finding 

revealed that the application of Fe increased the concentration of Fe in root and shoot of wheat seedling, and generally decreased the concentrations of 

Zn, Cu and Mn especially with the higher level of Fe applied. 

Keywords: seedling, variety, wheat, micronutrient, concentration iron. 

©2014 JAAS Journal All rights reserved. 

 
 

INTRODUCTION 

 

 Many of the micronutrients are required in exceedingly small amounts, but this does not reflect in any way the importance 

of the element to growth, survival and reproductive success of the plant (Reid, 2001). They are largely function in plant–

enzyme systems. The factors that determine the amounts of micronutrients available to plants are closely related to soil 

conditions and plant species and varieties  (Mengel and Kirkby,2001). Changing the level of one nutrient in the soil will often 

affect the uptake or transport within the plant of another nutrient. Assessment of nutrient interactions should include the 
relationship between nutrient supply in the soil and nutrient concentrations in plant tissue (Bierman and Rosen, 2005). The Fe-

deficient tolerant plant genotypes have the ability to uptake sufficient Fe from calcareous soils and thus less reduction in their 

growth will happen under Fe deficient condition compared with Fe-deficient sensitive genotypes. (Gourley, 1994; Marschner, 

1995). In cereal, particularly bread wheat, a wide range of genotypic variation in response to Fe deficiency has been reported 

(Khoshgoftarmanesh, 2010; Marschner, 1995). 

 Competition between ions can develop especially for those with the same physical (electrical charge and ion diameter) 

and chemical properties (chemical valance). The relations can be antagonistic where one ion decreasing the availability of 

another ion or synergistic where one ion is increasing the availability of another ion. High levels of iron compounds in soil are 

known to greatly decrease trace metal uptake (Mengel and Kirkby,2001). Most micronutrient research has focused on 

dicotyledonous crops, such as soybean and the information about the effect of Fe and Zn on monocotyledonous crops, 

especially wheat, is limited (Ai-Qing, 2011). This experiment investigated the combined effect of iron and wheat (Triticum 
aestivum L. ) genotype on Fe, Zn, Cu and Mn concentration in wheat seedling grown in calcareous soil containing different 

amount of Fe under lathhouse conditions.   

http://www.jnasci./
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MATERIALS AND METHODS 

 

Soil collection and analysis  

 Soil was collected from the surface 15 cm. of the field experiment station soil at the College of Agriculture of Dohuk 

University, Northern Iraq. The soil was air-dried, passed through a 4-mm sieve and was analyzed for pH, CaCO3, Organic 

matter, and soil texture using standard procedures (Page,1982). Plant available concentration of Fe in soil was determined also 

according to the method stated by (Tandon,1999), by extraction with DTPA (diethylene triamine penta acetic acid) using a 

soil: solution ratio of 1:2 and shaking time of two hours. Micronutrient extracted was determined by atomic absorption 

spectrophotometer. Seed of each of 15 wheat genotypes which brought from  Syria – ICARDA was sieved and separated to 

two seed size groups [ retained on 4.0 mm mesh ( group I), passed through a 4.0 mm mesh and retained on 2.8 mm mesh ( 

group II)]. 
 

Sowing and Watering 

 PVC pots (length=10.5cm, width= 12 cm) were filled with 500g air – dry soil and fertilized with 0.0, 0.2, 0.4, 0,8 mg Fe 

kg-1 air- dried soil applied as FeSO4 7H2O. Eight seeds from each group size were sown in each pot  and distilled water was 

added in amounts sufficient to bring soil water content to 75% of soil field capacity. Soil moisture content were kept at 75% of 

field capacity during the period of the experiment . Time of watering plants was determined by weighing the pots daily and 

adding water to obtain the original wet weight (75% of field capacity). After germination plants were thinned to 4 plants per 

pot, and after 45 days from sowing plants were harvested. 

  

Plant harvest 

 At harvest time the soil was washed off root under running tap water. Both roots and shoots were separated gently and 
immediately weighted to obtain fresh weights of roots and shoots of plants in each pot. Plant samples were placed in paper 

bags and dried at 70 ◦C for 48 hours.  The dry weights of both roots and shoots were then obtained.  

 

Statistical analysis 

 A factorial experiment with three factors (15 genotypes X4 Fe fertilization rates X 2 seed sizes) and 3 replicates were used.  

The data were analyzed by analysis of variance and significance of differences between means was evaluated by the adjusted 

least significant difference test (Adj. LSD). 

 

RESULTS AND DISCUSSION 

 

Physicochemical characteristic of soil 

 Various physical and chemical properties of soil are presented in table 1. Soil had high pH (8.06) and was calcareous, 
which contain more than 20% CaCO3. The organic matter content was 1.60%. Soil had a clay texture, where the clay fraction 

was higher than the sum of both sand and clay fractions. In soil sample concentration of DTPA-extractable Fe was 2.80 mg kg-

1 which was less than the adequate amount of Fe in calcareous soils (4 mg kg-1) as stated by Soltanpour and Schwab (1977), 

and it was marginal with the critical level for calcareous soils (2.5 mg kg-1) obtained by (Sims and Johnson, 1991).  The high 

pH and the high concentrations of CaCO3 and clay in soil together with low annual precipitation can be considered to be the 

major factors causing Fe deficiency in plant grown in the north part of Iraq. Fe moves to plant root in soils is limited largely by 

diffusion in the soil solution (O'Connor, 1971, Chaney, 1984, Marschner, 1993), and thus absorption is highly dependent on 

soil water status and root growth (Mengel and Kirkby, 2001). Iron nutrition of plants is often threatened in arid soils having 

low plant available concentration of Fe. Diffusion of micronutrients in soil is also greatly affected by soil pH. In calcareous 

soils, diffusion coefficient for micronutrients is lower than in acid soils (Melton, 1973). O'Connor, (1971) stated that at neutral 

to basic soil pH, inorganic Fe levels available for transport to the plant roots by both mass flow and diffusion are below plant 
requirements. Fe2+ decreases in solubility 100-fold for every unit increase in pH (Crowley, 1987). 

 
Table 1. Physicochemical properties of top soil sample (0-30) cm 

            pH                                                              8.06 
Total CaCO3 (%)                                         20.20 
Organic matter (%)                                      1.6 
    Available Fe (ppm)                                      2.80 
Sand (g kg-1)                                                149.0 
Silt (g kg-1)                                                   155.0 
    Clay (g kg-1)                                                   596.0 
Soil texture                                                     clay   
Moisture at Field capacity                            31.68 



 

J. Agri-Food & Appl. Sci., 2 (3): 60-66, 2014 

62 | P a g e  
 

 

Micronutrients uptake and interaction 

 As expected, Fe supply increased Fe concentration in wheat seedling. Root –Fe concentrations were 40.99, 29.92 and 

25.69% higher (Table 2) and shoot concentrations were 49.14, 28.84 and 19.03% higher (Table 3) in the Fe 0.8 treatments 

compared to Fe 0.0, 0.2, 0.4 treatments respectively. Iron was supplied directly to the soil as FeSO4.7H2O to set up different Fe 

levels. The concentration in roots and shoots of wheat seedling seemed to reflect total supply of iron more than any other factor 

(Langdale, 1973, Al-Ali 1996; Chany, 1982). 

 Iron supply generally decreased Zn, Cu and Mn concentrations in both roots and shoots of wheat seedling (Tables 4-9). 

Iron supply significantly decreased wheat Zn concentrations. Root Zn concentrations were 3.46, 15.88 and 15.71 lower (Table 

4) and shoot concentrations were 0.0, 0.0 and 7.92% lower (Table 5) in the Fe 0.2, 0.4, 0.8 treatments as compared to Fe 0.0 

treatments. Our results showed that Fe interfered with Zn uptake and translocation (but only when Fe concentration was high). 
The possible mechanisms for this antagonism could be competition between Fe and Zn during uptake (Kabata-Pendias, 2001) 

and translocation (Alloway, 2008). This results is not in accordance completely with the report of Alloway (2008) who found 

that Fe interfered with Zn translocation only. 

 The application of high levels of Fe to soil (0.4 and 0.8 treatments) reduced the Cu concentrations in roots of wheat 

seedling (Table 6) and the magnitude of reduction was 1.88 % with the application of 0.4 mg kg-1 of Fe and was 15.39% with 

the application of 0.8 mg kg-1 of Fe to soil. Shoot- Cu concentrations (Table 7) were 27.40, 33.56 and 17.82% lower in the Fe 

0.8, 0.4, 0.2 treatments compared to the Fe0.0 treatments. High levels of iron in soil are known to greatly decrease Cu uptake 

(Kabata–Pendias, 2001). 

 The concentration of Mn in root and shoot was higher at 0.0 level of Fe and decreased with increasing the amount of Fe 

applied to the soil (Table 8, 9). Root–Mn concentrations were 18.60, 5.74 and 4.37% lower in the Fe 0.8, 0.4, 0.2 treatments 

compared to the Fe 0.0 treatments (Table 8) and Shoot–Mn concentrations were 16.48, 6.74 and 7.30% lower in the Fe 0.8, 
0.4, 0.2 treatments compared to the Fe 0.0 treatments (Table 9). Similar results were found by Ai-Qing, (2011), who stated that 

iron supply generally reduced wheat Mn concentrations especially in leaves, and Mn concentrations were negatively correlated 

with root and leaf–Fe concentrations.  

 The results of our study revealed that the effect of Fe supply on wheat tissue Fe, Zn, Cu and Mn concentrations varied in 

their distribution within seedling parts. Root – Fe, Zn and Mn concentration generally were about as much as their 

concentrations in shoots of wheat seedling (Tables 2, 4 and 8), where as the root – Cu concentrations were 9.3, 13.3, 13.8 and 

10.9 times greater than its concentration in shoots under the effect of  Fe 0.0, 0.2, 0.4, 0.8 treatments respectively. 

 Our finding opined that roots of the 15 genotypes contained higher concentration of Cu as compared to shoots. These 

results could be related to strongly bounded divalent copper ion to plant roots which are the sites of preferential copper 

accumulation, and Cu is easily replace other ions at root cation exchange sites, also Cu tends to accumulate in the root tissue 

with little translocated to shoots (Marschner, 1995). Our results support the findings of Al – Niemi and Al – Ali (2010). 

 
Table 2. Iron concentration in the roots of the 15 wheat genotypes 
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Table 3. Iron concentration in the shoot of the 15 wheat genotypes 

 
 

Table 4. Zinc concentration in the roots of the 15 wheat genotypes 
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Table 5. Zinc concentration in the Shoot of the 15 wheat genotypes 

 
 

Table 6. Copper concentration in the roots of the 15 wheat genotypes 
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Table 7. Copper concentration in the Shoot of the 15 wheat genotypes 

 
 

Table 8. Manganese concentration in the roots of the 15 wheat genotypes 
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Table 9. Manganese concentration in the Shoot of the 15 wheat genotypes 
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