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ABSTRACT

Experiments were conducted to study the forms of Co, and its relations with
some physical-chemical properties of some calcareous virgin soils of Kurdistan region.
Soil samples were taken at(+-Y+)cm depth from Y different sites .The some chemical
and physical properties, and the amount of total and different forms of cobalt were
determined.

Total Co in soils varied widely from (*Y to ¢Y) mg.kg™" soil .The statistical
analyses has shown that each of total carbonate, active lime, CEC, Fe, Mn oxides , clay
amount and organic matter has a significant role in determining of total Co .Water
soluble Co varied between (+.+) to +,1%) mg.kg™ and exchangeable Co extracted with
NaOAc ranged (+»+% — +,¥ ©) mg.kg 'soil , whereas , exchangeable Co extracted with
acetic acid ranged ( 9,¥Y to Y¢,47) mg.kg" soil .There were a positive significant
correlation between exchangeable Co and total Co, CEC, clay and organic matter
content , and a negative significant correlation with pH ,total carbonate and active lime.

Chelating Co extracted with (TPA+CaCly+ TEA) ranged (+,'V to Y,¥1) mg.kg

" soil and it has a negative significant correlation with total carbonate, active lime, pH,
and a positive significant correlation with organic matter, Co bound to organic
substance and CEC.
Easily reducible Co which is bound to Fe and Mn ranged (*,4Y to '¥,+°) mg.kg™ soil
and has a high positive significant correlation with clay, organic matter, CEC ,water
soluble Co, and chelating Cobalt , and has a negative significant correlation with pH,
total carbonate, active lime .

Oxidisable Co which bound to organic substance ranged (£.°° to A. ©¥) mg.kg™
soil and has a high negative significant correlation with clay, organic matter, chelating
Co, and positive significant correlation with pH, total carbonate and active lime.

Co bound to non-silicate metals ranged (Y.¥° to )+,)%) mg.kg™ soil. These values
have a high negative significant correlation with clay, organic matter, and positive
significant correlation with pH, total carbonate and active lime.

Introduction

The earth’s crust contains average cobalt concentration of (Y- Y°) mgkg™ as
shown by (Abbasi et al , Y3A3 ; Kabata, Y+++ )and £+ mgkg ™ as shown in ( Tisdal et
al , Y4Ae and Halvin ,Y+ ).

Total Cobalt in soils typically ranges ( ) to ¥+ ) mgkg 'soil with the average of
(Mmgkg™ ' soile (Halvin, Y- +°). Total cobalt is much higher in areas which are
geologically rich in Cobalt ( Pavely ,)33A). There are several forms for cobalt in soil,
mainly it is exist in five forms such as ; soluble in soil solution, exchangeable
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,chelating , nonexchangeable cobalt, and salts forms. (Kimetal, Y- +2).

In solutions of most soils, the Cobalt concentration is fairly low and ranges (+,Y
to AY) ug. L " (Kabata, Y+ ++). Cobalt in soil Solution is often< +,© mgL"' (Halvin,
Y+ +2).Under oxidizing and moderately reducing conditions,the Cobalt uncomplexed
ion Co"" is the dominant cobalt aqueous species at pH values less than 4, ( Krupka,
Youx)

Cobalt is easily absorbed by organic substances and creates organic chelates.
These increase the mobility of cobalt and influence their mobility within the profile of
the soils, and also increase its adaptability by plant, particularly in soils with an
increase reactivity under oxidative conditions
( Baralkiewicz , Y444). Cobalt organic chelates may also readily available to plants .
( Bloomfield . YaAY) .

The nonexchangeable micronutrients associated with secondary clay minerals and
insoluble metal oxides are quite stable and are not important in estimating the
availability of micronutrients (Mortvedt, Y2VY) . Micronutrients cations interact with
silicate clay; they may be tightly
bound or fixed to certain silicate clay, especially the Y: Y type. Zinc and manganese,
cobalt, and iron ions some times occur in the crystal structure of these clays (Brady,
Y«++). The aim of this investigation is to find the total and available forms of cobalt
and the effectiveness of some physical and chemical properties on its amount in some
calcareous soils .

Materials And Methods

Soil samples were taken at (+-Y+) cm depth from Y different soil sites in
Kurdistan region (Fig.V) selections of these locations were based on virgin soils and as
according to its differences in some physical properties. Representative soil samples
were taken from each location. Soil samples were dried and passed through ¥ mm sieve
and stored.

Particle size distribution determined according to the international pipette method
as described by ( Black , Y41%e ) .Electrical conductivity ( EC) was measured for the
saturation extract at (Y°) C°(Hesse,Y4Y 1) . pHs and pH 1.,0.0 'M CaCl , of the soils were
measured as described in (Jackson ,)4VYY)

Total carbonate minerals were determined titrimetrically as described in (Rowell
,)447) and active calcium carbonate (active lime) was determined titremetrically
according to (Kozhekov and Yakovleva, Y4VYY ) . The soil was decomposed by wet
digestion according to ( Jackson,)4VY), then cobalt was determined by Atomic
Absorption spectrophotometer ( FAAS) at wave length Y¢+ nm .

Water soluble cobalt was determined according to ( Richard ,Y%2¢ ) as described in
(U.S.D.A, Handbook -1+ , Y414,

Chelating Cobalt was extracted by ( *»++° M DTPA + +,+) M CaCly + +,\ M
TEA ) method according to ( Lindsay and Norvell, Y4YA) method . Exchangeable
Cobalt was extracted according to (Jackson, Y4VYY) then cobalt determined by Atomic
Absorption spectrophotometer.
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mSoil location
‘Scale = 1:1000 000

Fig(}):The locations of soil samples
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Sequential extraction procedure was performed according to the procedure
recommended by the Standard Measurement, and testing programmed of the European
Union (SM and T-formerly BCR), for the determination of Cobalt forms in soils. The
chosen extraction scheme is an operationally and standardized procedure , in which the
reagent used at each stage is intended to release metals associated with particular soil
phase such as acid soluble , reducible , oxidisable , and residual . Cobalt determined in
the extracts by atomic absorption spectrophotometer (FAAS) ( Tokalioglu Y+ + V).

Results and Discussions

The physical and chemical properties of studied soils shown in Table(}) Total
Cobalt in the studied soils ranged from (Y — £¥) mg.kg™, with the average (¥4.)1)
mg.kg™.This indicates that studied soils are located in global scale ('-V+) mg.kg™. The
highest value has been observed in the soil from Dashtewan (¢Y) mg.kg" and the
lowest value in the soil from Gurgaie-shamar (*Y) mg.kg™'( TableY).

A high negative significant correlation coefficient was found between total
Cobalt and total carbonate (r =- +,3A**) " active lime
(r =- «,8A0**) pHs (r=-+,AY**) or pH: .+ CaCl\ (r= -+,3Y**)and a high positive
significant correlation coefficient with CEC (r = +,3A¢**) clay content (r = +,3V1 *%*)
and organic matter ( r = +,3VY**)(Fig Y).There was also a high positive significant
correlation coefficient between total Cobalt and Cobalt bound to Fe and Mn_( r =
+,4Ye **) This might be due to that total Cobalt sorbed by oxides (mainly Fe and Mn )
precipitated onto the carbonate or other soil particles.

The results showed that the water soluble Cobalt which was extracted by Y:°:
(soil : distilled water) ranged between ( +,+) - +,¥ ) mg.kg™ , with the average of
( +»Y+ ) mg.kg™. This is in agreement with ( Baralkiewicz ,Y4%9 ; Kabata ,Y+++) . The
correlation coefficient between water soluble cobalt and total carbonat,active lime, clay
,O.M,pHs and pH):YCaCIY were (-+,3V,-+,30¢+,3Y¢,2Y -+,AA and-+,37 ) respectively
(Fig.").

The results in Table (Y) and Fig.(¥) showed that the exchangeable Cobalt
extracted with NaOAc ranged between(+,+ to +,V®) mg.kg ", with average of (+,¥A)
mg.kg".The exchangeable Cobalt extracted with CH:COOH ranged from (4,¥Y to
¥¢,41) mg.kg', with the average of (Y.+1) mg.kg™. There was a high significant
positive correlation coefficient between total Cobalt and both exchangeable Cobalt
extracted with NaOAc and CHyCOOH (r = +,31Y ** ., AAY**) respectively.

It has been observed that there were several combined factors which is affecting
exchangeable Cobalt in studied soils, such as clay contents and organic matter, CEC,
total carbonate, active lime, and pH .

The chelating Cobalt ranged (+,)Y to Y. ¥%) mg.kg', with the average of (+,A9%)
mg.kg™'. The highest chelating Cobalt was observed in the soil from Dashtewan, while
the lowest was in the soil from Gurgaie-shamar .

The interaction between organic matter and clay minerals content is one of the
most important soil properties governing the chelating Cobalt in the soils. (Brady and
Ray, Y+++). It has been found that there was a high positive significant correlation
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coefficient between chelating Cobalt with clay minerals and O.M (r = +,Ae **
+,Ve**) "and negative significant correlation coefficient between chelating Cobalt and
pHs , pH : .y CaCly , total carbonate and active lime content (r = - +, AY** | o, V*x*

- AYER L AL xR respectively (Fig.Y) . These interference factors might be due to
forming of calcium complexed compounds with DTPA ( Ca-DTPA) and Cobalt cations
via occurrence the competition between Ca*" and Co"" on surface of solid ,.This is in
agreement with (Hem ,Y4A¢) .On the other hand , the humus has a high CEC and
because some of the Ca™" ions have acompetition with Cobalt and then chelated by
organic compounds present in humus. This is in agreement with that reported by
(Troeh and Thompson, Y++2 ).

The reducible Cobalt bound to Fe and Mn oxides ranged from (¥,3Y to ¥,:9)
mg.kg™', with the average of (A.YA) mg.kg.The highest value of reducible Cobalt was
in the soil from Zoghan ('¥.+°) mg.kg" , while the lowest value was in the soil from
Gurgaie-shamar ( ¥,4Y) mg.kg™' TableY .

The negative significant correlation coefficient between reducible Cobalt and pHs
(r=-+Yo**) pH:, «CaCly (r=-+,37**)  total calcium carbonate (r =-+,3Y**)
and active lime ( r = - +. 4Y**) was observed . The high positive significant
correlation coefficient between Cobalt bound to Fe and Mn oxides and water soluble
Cobalt (r= «,ATY**) CEC (r = +,%+ **) was found (Fig.¢). This might be due to that
the soils which have the highest reducible Cobalt, have the highest clay and O.M
contents. So a high significant positive correlation coefficients between reducible
Cobalt and organic matter and clay contents (r = +,3e ** +,2¢**) | respectively was
observed and there was a high positive correlation significant coefficient between
chelating Cobalt and Cobalt bound to Fe and Mn oxides (r = +,A£Y**), This might be
due to that humic substances easily adsorbed Cobalt onto clay and Fe oxides .This is in
agreement with (Kabata,Y + « +; Brooks, Y44A) .

The value of oxidisable Cobalt ranged from (¢. °© to A,°¥) mg.kg", and the
average was (1,9+) mg.kg". The highest value was observed in the soil from Gurgaie-
shamar, while the lowest in the soil from (Dashtewan ) . This might be due to that
several factors combined such as pH, amount and type of organic matter, soil texture,
interactions of Cobalt with other metals and microorganisms activities.

The positive significant correlation coefficients between oxidisable Cobalt and pHs
(r= < AYY**) Jor pH: .y ««+ YMCaCly (r = +,A%« **) This might be due to that the
soil from Gurgaie-shamar has the highest total carbonate and active lime( £+ ¢,Y YVe,0)
gm.kg™', respectively. While the soil from Dashtewan has the lowest total carbonate
and active lime( Y¢¢,1 | ov,¢)gm.kg”, respectively , and has a high a positive
significant correlation coefficient with total carbonate (r=+,3Y¢**) and active lime (r
=+,4YV**) This might be due to that total carbonate and active lime accelerate to
raising of pH, consequently , conversion Co" to Co' and formation of the complex
anion Co (OH)r ~ , then precipitation of Cobalt occurs . This is in agreement with
(Baralkiewicz, Y444). Or might be due to that total carbonate competes the Co™ on
organic ligands and sulfide surfaces and its converting to oxidation forms Co' or
precipitation status at high pH . It has been found that there was a high negative
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significant correlation among oxidisable Cobalt and organic matter and clay content ( r
= - SATA R o0 AR8%) This might be due to releasing organic and inorganic Cobalt
by mineralization. This is in agreement with what is reported by (Brady and Ray, Y« +;
Kassim and Ali Y3A4). It could be concluded that under high Oy of aerobic
condition,decomposition takes place much more highly than when Oy is low, and with
increase of oxidation conditions, will decrease an accumulation of clay and O.M
contents . Therefore, the soil from Gurgaie-shamar which has the highest oxidisable
Cobalt , has lowest amount of clay and organic matter contents,while the soil from
Dashtewan which has the lowest oxidisable Cobalt, has the highest organic matter and
clay contents. A negative significant correlation coefficient between oxidisable Cobalt
and chelating Cobalt( r=-+. AYA**) was found.

The values of residual Cobalt which are bound to non-silicate metals ranged
between (Y.Yeto Y+,)1) mg.kg', with the average of (%,)4) mg.kg™ .The highest
value was observed in the soil from Bareka while the lowest value was in the soil from
Zoghan. There was a high positive significant correlation coefficient between Cobalt
bound to non-silicate and; pHs (r = *>AA * ) | or pH:,xCaCly (r = +,AAMY**) | total
carbonate (r= -+, AYI**) and active lime (r = +,A+A**) This might be due to
increasing of soil pH dependent on negative charge and accelerate the adsorption of
Cobalt by non-silicate metals or increasing pH leads to precipitation of Cobalt with
non silicate minerals above pH Vv, this is in agreement with that reported by
(Kabata,Y+ + +). Consequently , might be due to either Cobalt fixed by minerals or
precipitation on non-silicate minerals. So, it was observed that the soil from Bareka
which has the highest amount of non-silicate Cobalt (Y +.)%) mg .kg ' ,has the highest
pHs (V,19), or pH:y.« CaCls (A.YY) , and relatively high total carbonate (YAY,A) gm.kg ™
, active lime (Y1+.V) gmkg ~ , while , the soil from Zoghan which has the lowest
amount of non-silicate Cobalt ( Y.¥°) mg.kg™ , has the lowest pHs ( V.+Y), or pH : y.v
CaCls ( V»YY), and relatively the lowest total carbonate ( Y1,+¥ ) gm.kg ', active lime
(YeVv.V)gmkg ™.

It has been found that there was a high negative significant correlation coefficient
between Cobalt bound to non-silicate and clay and O.M. (r = -+, AT** .« ,AT*¥)
respectively. This might be due to that under oxidation conditions, most of O.M and
clay will be decomposed and the Cobalt bound to non-silicate precipitated under same
conditions.

The results in Tables (Y )showed that the pseudo total Cobalt ranged between
(Y+,¥1to £1,7¢) )mg.kg", with average about (Y. £¢) mg.kg™.The results indicate that
pseudototal Cobalt has similar pattern of total Cobalt extracted by conventional method
in all its correlations with same physical and chemical properties of studied soil.
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[ | | [ | | | | |

SC --Silty Clay SCL ----- Silty Clay Loam. (AJT) x)»+ = (Active lime / Total carbonate) x )+ «

Table (Y): Forms of Cobalt and its values (mgkg-") in studied soils
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Sequential extraction procedure method
Soil
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Fig(Y) Relationship between water soluble and total Cobalt and some chemical —

physical properties of studied soils
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of studied soils
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