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3- Fluvoaquents
4- Torriorthents
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Figure 1. Location and physiographic condition of
sampling points
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1- Torrifluvents
2- Haplocalcids
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Table 1- Some studied landforms properties

o1yl sl 5 5 Xiu03, SB cal SB Gos e
Land unit Taxonomy Texture Soil Depth  Slope (%)
d\d.;nb sy
Torrifluvents o 0.5-2
Piedmont Heavy Deep
oo shacd Fluvoaquents 8 = oo il 0.5-1
Flood plains d Moderate — Heavy Deep ’
53k o)) S — Lawys -
i d 72 Torriorthents i > 3-5
Alluvial fans Moderate — Heavy
.. . buwgio — S
HE) 15 g lbeoMs ’ -
i Haplocalcids 1-2
Plateaus Light- Moderate
Soil taxonomy 2010
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Table 2. Some descriptive statistics of physical and chemical properties of the soils

pais pSle Sl Sl dle Olpdicups (SadlS (Se
Element Mean Max Min Mode Cv (%) Skew Court
Fe' 334 646 1.04 3.05 44.06 0.47 -0.6
Zn 084 224 0.02 072 73.07 0.79  -0.47
Mn 697 1982 1.82 6.32 61 1.01 0.73
Cu 093 238 0.16 0.87 51.38 0.66 0.26
p 1549 52.6 342 1224 75.05 0.98 0.85
K 295 693 61 286 52.41 0.54 0.57
SOM™ 1.1 27 0.1 0.9 54.92 0.53  -0.36
TNV 20 61 23 71.94 025  -0.72
Clay 25 48 . 26 44.27 -030  -0.24
Silt 3 66 . 40 38.83 -0.63 0.5
Sand 32 76 . 28 56.82 033  -0.76

Fe, Zn, Cu, K and P (mgKg™)
SOM, TNV, Clay, Silt And Sand % **
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Table 3.Comparison of available Fe, Zn, Mn and Cu concentrations (mg kg?) in soilswith critical levels

Sail S ' ) o
- TR ol Sl s Sl e gladiged
rois ol Critical level Sampleslessthan Critical level (%)
Element Mean Range
Fe 33 1.04- 6.46 5 84
Zn 0.8 0.02-2.24 0.5 38
Mn 7 1.82-19.82 5 37
Cu 0.9 0.16- 2.38 0.3 10
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Table 4. Correlation coefficient (r) between DTPA-extractable Fe, Mn, Zn, and Cu
and some soil properties

P Fe Zn Mn Cu SOM TNV Sand Silt Clay

P 1

Fe 0.23**

Zn 0.32%* 0.23%*

Mn 0.33%* 0.65%* 0.27**

Cu 0.20* 0.45%* 0.14 0.21%*
SOM 0.33** 0.22%%* 0.31%* 0.13 0.23%%*
TNV -0.11 -0.37%* -0.06 -0.16  -0.22%%* -0.01
Clay -0.24%* 0.11 0.01 0.1 0.48%* 0.21* 0.02

Silt 0.23* 0.15 0.26%* 0.09 0.32%* 0.33** 0.07 0.52%*
Sand -0.13 0.11 -0.02 0.01 0.33**  -0.30**  -0.17  0.40**  -0.33*%*

oy V el mdaw )3 I gme i g 2oy O Jlois] pdaw 50 )b pixe %
*and **represent 0.05 and 0.01 levels of significance, respectively
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Figure 2. Mean available Cu of the soils as a function of soil texture
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Table 5- comparison of some soil propertiesand micronutrients concentration in different landform
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Means followed by the same letter in each column were not significantly different (P<0.05)
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Introduction: Variety of soil reactions govern the distribution of metal micronutrients that includes
complexation with organic and inorganic ligands, ion exchange, adsorption and desorption processes,
precipitation and dissolution of solids and acid-based equilibria. The relative importance of these reactions
depends on many factors such as soil physical, chemical, and mineralogical properties and the nature of metal
ions. Environmental factors such as climate, physiographic position, and soil development may affect variability
of some soil properties and thereby nutrient availability. The present research was conducted to find
relationships between Iron, manganese, zinc, and copper availability and some major soil properties,
physiographic condition and soil development.

Materials and Methods: Golpayegan region is located in northwest of Isfahan province in central Iran. The
mean elevation of the studied area is 1790 above sea level. Annual precipitation was about 244mm and mean
monthly temperature ranges from -6 in January to 34°C in August. The soils were developed on different
physiographic conditions including piedmont plains, alluvial-fan, plateaus, and flood plains belonging to Entisols
and Aridisols. Soil samples (0—60 cm) were collected from 98 grid points with 2000m distance in the agricultural
area of Golpayegan. Particle size distribution, calcium carbonate, organic carbon, available potassium and
phosphorus of the soils were measured by SWVRI standard methods. Available Zn, Cu, Mn, and Fe were
determined by addition of 10 g soil to 20mL 0.005M diethylentriaminepentacetic. The solutions were shaken for

2 h at 25°C, centrifuged, filtered, and Fe, Mn, Zn, and Cu concentrations were measured by an atomic absorption
spectrophotometer.

Results Discussion: Studied soils were developed on calcareous material and about 60% of samples have
more than 20% of calcium carbonate. Available Fe ranged from 1.4 to 6.5 mg kg' (mean 15.8 mg kg™).
Significant relationships were also found between DTPA-extractable Fe, organic matter (OM) and calcium
carbonate. The results indicated that organic matter (OM) is the most influential soil characteristics that predict
Fe availability. DTPA-extractable Mn in the soils ranged from 1.8 to 19.8 mg kg™ (mean 7 mg kg™). There were
also no relationship between available Mn and soil properties. It has been reported that Mn availability in soils is
mainly influenced by oxidation-reduction rather than other factors. Available Zn in the studied soils ranged from
0 to 2.4 mg kg (mean 0.8 mg kg) and had significant correlations with particle size and OM contents. This
result showed the importance of soil exchanger phase (clay and OM) in Zn availability in calcareous soils, and
was in agreement with the findings of Wu et al. (2006) in soils of North Dakota. DTPA-extractable Cu ranged
from 0.2 to 2.4 mg kg™ (mean 0.9 mg kg™). According to the report of Lindsay and Norvell (1978), 90% of soils
had sufficient Cu. However, there were variations among soils in available Cu as a function of physiographic
position. The highest values were found in the soils developed on piedmont plains. Significant relationships
between available Cu and some major soils properties such as sand, clay, OM, and calcium carbonate were also
found. This result was in agreement with findings of Wu et al. (2010) who concluded that soil properties
influencing the spatial distribution of Cu availability.

Conclusions: Nutrient availability is one of the most critical concerns of plant production in calcareous soils
of Golpayegan . Different pedogenic processes, variable deposition and transport, and different weathering
regimes affect micronutrient content, distribution, and availability. Results indicated that Fe deficiencies
followed by Mn and Zn in the studied soils are more critical than Cu deficiencies. In fact, 90% of soils had
sufficient Cu. Mainly micronutrient availability in the studied soils was related to soil texture and organic matter,
although Mn availability showed no relationships with major soil properties. It was concluded that the
availability of Fe, Zn, and Cu may be predicted to some extent using some factors such as soil properties and
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physiographic condition. Availability of Fe, Zn, and Cu in Torrifluvents developed on piedmont plain was higher
than in other soils and this may be due to the high amounts of OM and clay, whereas Haplocalcids developed on
plateaus had the lowest content. Generally, it was concluded that the mentioned factors affect metal distribution
and cycling in the soils and thereby metal availability for plants. On the other hand, prediction of micronutrient
availability using these factors can be taken into consideration for better management.

Keywords: Calcareous Soils, Micronutrients Availability, Soil Development



