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Table 1 - Physical and chemical characteristics of studied soils

Fe-
. . OM Clay Silt Sand EC CCE CEC == FeDTPA
SEooylews % % %  (dsm? (%)  (CmoKgly PH 2L (mgKg)
1 1.53 61.5 36 2.48 0.49 25.04 25.33 7.59 15.9 11.5
2 1.87 52.5 34 14.48 0.46 27.66 32.41 8.52 36.4 22
3 1.94 37.5 50 12.48 0.99 47.65 11.83 7.37 34 29.5
4 2.21 33.5 44 22.48 1.15 55.5 12.48 7.61 38.3 7.7
5 1.97 21.5 42 26.48 1.19 50.74 11.83 7.55 13.8 8.2
6 2.31 45.5 42 12.48 0.64 36.94 17.53 7.54 21.1 17
7 1.36 37.5 38 24.48 1.11 17.47 11.19 7.76 9.9 6.5
8 0.75 16.0 34 49.92 0.68 71.45 7.6 7.49 6.06 3.2
9 1.53 47.5 30 22.48 1.51 43.84 14.53 7.64 8.08 5.7
10 1.7 51.5 32 16.48 0.49 32.89 31.34 7.52 31.8 18.6
‘5‘4.“.1.3.: d);a)w LS J:u‘,o -y Jg.\-‘?
Table 2 — Different stages of sequential extraction
cstlond sl JS (4isB3) oI lSS ko SL 053 e 50, as
Chemical forms Shaking time (min) (ml) per (Sg‘;" weight Extractant
b5 y»lExch- Fe 120 10:40 1M Mg(NOs),
SluyS yalCar- Fe 300 10:40 1 M NaOAc
Jial OM-Fe 30 mm“‘t:;t;? boiling 10:20Double Repeat 0.7 M NaOCl
S ool slosens] 30 minutes in boiling 5:50 0.25 M NH,OH.HCI + 0.25 M HCI
AFeOX-Fe water
S S ol slaas) 30 minutes in boiling 550 0.2 M (NH,4),C,04+ 0.2 M H,C,0,4+ 0.1 M ascorbic
CFeOX-Fe water ’ acid

gebale o, Slos 1 6yl xe 18U oyl yiagSi 368 calise
Gl 030> uLm.s L>9w P9 )_.i,a «$9) ‘L)‘a" )Aol-& Jf u.\>
ol cble el SBogg gl aS el Jbys ol (p<0.01)
4 b ye guls aily gyl xe WS o yd S5 (6ol o
3p)5eaS 3l lis (Y gas) ol id 39 p oyl 395 30,8 il
S Sl 5 oy S o N 50 g 3 (ol (g 355
U awslio d Low olen plul Siis odle o xe (iulj8l & e
ol p)S e Vo g0 o 93 (I3 xe glis Lol o Amlis
PSS > ol oS Lo V50 v g I3 S 5
L alidio cdly o) (Y gis) Casloaly lis iol58) 34, canlis
i Gl 8] (g asSn o 13,5 55 (1) oS

Sis okl p )5 S alS (ladigel olend 4355 g
w0l yuSB oS Sle ax 3 00 slod b (xSl 065 0 alS
Slio 5l e 5 J> ) ¥o0 ¥ Sop0,8 ol 12 o 0 )5 s
Lo g5 5 o 5 el ale il ol oo & 0355
& =S03l8l (GBC Avanta P) Juo o3l Gla olSwd jl aolazl
2 5l Jols gl i s sl b 13 OF) 23,8
MSTATC (55000l S 1580 535 il o0litnl b « S 5 olS sladiges
la Jao 1 oolaol b ¢ jlas 550 (sl ol )by ym (Sisnsads (wyp g
py= L (Stepwise) pLS a plS o) iie 2z 5 o3l (g S
.Cb)S &yao SPSS 33l

baanddh oS 5 g 0 pSlas g3 (AT (s gSn 3 1S 3
(590 9 e (FiS30 (aT yuolis Ciia 9 GUALE) Ly guu oL
g (N Jsiz) eil)ls i Jsis mls gy



WYVl S 29595 9 bgms ol sy 9 (T (2 pimsgSns 1

VoLV B a8 a0 S edalie (V) plas S 9 03159
b St 00le (55 201 s (ST p SokS 5> al 25 e
ol (M) phlSan 5 2 40355 ol & Cons (Sid y 8)
5 S—is ;9 FEEDDHA (yal oS (3,8 aslsl b a8 1l

ol Bl (13l el JS e

a5y byl dw oyl (ool a8 L oS ol g onds el
Gt O 9 A5 e S 9l S 3 ol gy Sl 5 3l
) it b Jl53 SUs 53 Jy s o] i
9 0355 (5elkig 08)) Ligw Siid 03ke ()5 sl sine ol
ol Lzl 1y St bale gy cSilue sconl JYL grglam 3y)lS

Lgw (2ilgp @lil y3 (a1 JS Qe g Clile (SWid (459 2 (S5 0,55kS )3 0,5 o) 2 b U -F Jgo
Table 3- Effect of Felevels (mg K g™ soil) on dry matter weight, Fe concentration and uptakein aerial parts of soybean

RO ol chlé SuiS 39 o S e
Fe-levels Fe-concentration Dry matter Fe-uptake
(mgKg" (mgKg™) (g Pot™) (Ug Pot™)
0 55.36° 11.33% 623.5%
5 60.56"2 12.4% 753.6"
10 65.48" 12.074 787.9%
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In each column, mean with the same letters are not significantly different (p<0.05).
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Table 4- Effect of iron levels (mg kg™ soil) on the concentration(mg kg™) and total uptake (ug pot™) of Mn, Cu and Zn in
aerial parts of soybean plant.

; Zn Cu Mn
o2l zgbw
Fe-levels R i IRE e g
uptake uptake concentration uptake concentration
0 483.6°  44.03* 74.84% 6.66% 827.34 87.95%
5 371.7°  30.07° 62.818 4.998 129.8° 10.438
10 371.18  31.18B 51.31¢€ 4.26° 129.48 10.508
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In each column, mean with the same letters are not significantly different (p<0.05).
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Tableb5 - Relationship between Fetotal uptakein soybean plant with Fe extracted by DTPA and EDTA

adoleo

O g g
Equation (R?)
FeU= 478.548+11.1*FeDTPA 0.764"
FeU= 479.42+6.69*FeEDTA 0.61"
FeU = 637.155- 38.212 (FeEDTA) + 3.151(FeEDTA)* — 0.057(FeEDTA)? 0.95"

bgw ol JS Gls Giisee FelUp  aspy o Jlosnboraw o > simettese

**Significant at P< 0.01 FeUp:abreviation of total uptake of Fe in soybean
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Table 6- The effect of iron levels (mg kg™ soil) on Fe extracted by DTPA and EDTA extractants

Fe-levels Fe-DTPA Fe-EDTA

(mgKg™ (mgKg™ (mgKg?)
0 13.06° 21.54%
5 14.018 21.948
10 15.494 23.75%
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In each column, mean with the same letters are not significantly different (p<0.05).
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Table7- Effect of Felevelson distribution of chemical forms of Fe by Singh et al method (32)

R T{EXWy

- 202! sras]

o2l gobw  ac oal i Sorl Gl el Sl pal
Fe-levels Res-Fe w5 5o OM-Fe Car- Fe Exch- Fe
CFeOX-Fe AFeOX-Fe
0 A27115 A7268 A1522 €0.5569 A1.833 “nd
5 A27475 A7240 A156.6 80.6260 A1.842 80.6977
10 A28346 A7404 160.8* A0.7070 A1.704 A2.03
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In each column, mean with the same letters are not significantly different (p<0.05).

Tt ol s el Conddy b xe e g Cute (Sumed ¢l
i (Simet dallae coov  Sal claSLs 3 A Jgis
2ol cawsey pH b (DTPA) aLS osliznl B ol fpo ()5 e
o e b acSE ) o85S (5158 (V) Ly (r=2/VY7)
Yooz S5 ol jd lin)S o VL clale JJu Ao b V/
ST Syaio an Udos opl dons )0 g bl ialS yal oM
LaSB opl 5> odlitul B ol Jlade 5 63,5 Cogw)y oS hn
o2l o e (Stasen (1F) o] Kan 5 S5k b oo alS
)9l cuwdy pH g DTPA L (6,50 )lae LIS

EDTA ,So)las dlusg: 00 glysiial ool o 365 ol
aS (r=+/V0") ass oanlitio o ixe Cayto (Siumen ¢ Jl o3bo g
el o sbS Sa 5 39: (1F) S 5 Sy ol | i
)55 ySo)lae b gl gl LB ool e tite (Stuar Sy S
Cap o9 =Sl 0u S esli o T oole 0)l> 2gng S SN ools o
Olal33l g nS1) Sl Sl Carge g 0392 ST )3 (sl
D o oyl Sl

glpsl JB) pal obesd oS5 5l (S o cmizmen
ot Sisat <515 SaSis b (SW> (5o une gy 4
(A Jgds) cowl orel canday Yl gxe hie b

Hlw L (DTPA §EDTA ) suds (5 S0 jlas (al sl
AT (sabsasds slases
Sla JSs o il el Cwd a4 Sguw,S ) Alslee 4 axg5 L
5 Sigw gladlid (6 S0)luac gy 4o ol (olerd B
ol L ()l ime St (Stuson conl JT S (1Y) () Son
LS (ImSsd Soylas Ly 2l 5l) (alS o LB
opl (S5 48 3,8 blasul fpin glsi e (ol ply «Conlaals
dy ooy ol Sal S oaliwl BB ol 5l logill auie
L s glyseiwl pal a8 ccwl Jls ool calosly LSss
adal) plord Lo JSi Jl o e L dS oS0 )las
Sl s gyl ine (SomsS)
FeDTPA = 17.10 + 7.253*FeOMR’=0.189*(Y)

Lo S jlas Lo gl Akl BB sladsd g (Sieusea
S mSo luas) obas i slasidi pls g EDTADTPA
S glaS5 b (sl
-y I o ySojlas b glpel LB sl Ss on
S50 GlaSLE olord 5 (Sujd s Shy jl S n LIS



A5 LT — 0 F ojlad FY) als (S g O 4y 225V VN Y

SB 5S35 L (EDTA 5 DTPA gla S las) (ool (oo icias] slaSd oo alagly -~ Adgin
Table 8- Therelationship between extractive forms of Fe( DTPA and EDTA extractants) with soil properties

adleo e o gl
Equation (R?)
FeDTPA=550.62 - 71.2*pH 0.514%
FeDTPA=553.517-70.504*pH- 0.402*Sand 0.871%*
Ln(FeEDTA)=-0.9763+ *OM1.1101 0.564%
FeEDTA=-9.304+*0OM17.939 0.428*

* ** Significant at P< 0.05 and P< 0.01 at respectively
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Table 9- The correlation between the chemical forms of Fe with physicl and chemical properties of soils

S slaS s :;‘;: S IR RS [NV RS- JPpS [NV BRI JOFC R P
Soil properties T-Fe CFeOX-Fe AFeOX-Fe Car-Fe OM-Fe
ST e:3LOM *0.754 *0.749 -0.253 -0.092 -0.019 0.207
oils o pH -0.172 -0.179 0.020 0.014 -0.086 0.682%*
S s b LCEC -0.154 -0.206 0.834** 0.801** -0.78** -0.262
Joleo pandS” by ,SCCE -0.405 -0.153 -0.623 -0.737* 0.764* 0.082
oSl coliaEC 0.132 0.012 -0.78** -0.695* 0.551 0.621
oaSand -0.320 0.38 -0.221 0.547 0.461 0.086
cdew Silt *0.718 *0.647 -0.71* -0.385 0.462 -0.101
o Clay -0.152 -0.064 0.571 0.708* -0.598 -0.088

* ** Significant at P< 0.05 and P< 0.01 at respectively
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Table 10- The correlation between the chemical forms of Fe by method of Singh et al (1988)

- o2l bS] ool raws]

3 Lo 5 3,5 ol (RN} Ao oyl
cstlhonns el Sl o o s s 5 o2
Chemical forms Car-Fe OM-Fe Res-Fe
Aox-Fe Cox-Fe
ST o»l OM-Fe 0.289 ns
JSi 0 o] sloas| AFeOX-Fe -0.7653% -0.507""
S S oyl loaws) CFeOX-Fe -0.754 % -0.229ns 0.738"
Js ol T-Fe -0.124ns -0.1ns 0.037ns -0.277ns
ao35 oyl Res-Fe -0.003ns -0.047ns -0.08ns -0.413% 0.99:

* ** Significant at P< 0.05 and P< 0.01 at respectively
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Table 11- Analysis of variance of different treatmentson yield, concentration and total uptake of micronutrientsand
different chemical formsof Fe

Ol i 23lio s o»l xS o S’
Sour ces of variety Error Fe* Soil Fe Soil
&3l as
Degr ees of freedom
60 18 2 9
IS b S las lFe-DTPA 2,032 1147 44.9%* 611.6%*
4.5 owiRes-Fe 21036273  407628615™  12004251™  242806121%**
ool clale Fe-concentration 134.2 167.3M 768.3%* 113.1™
#5e clale Mn-concentration 124.4 4317.2%* 60038 4731.1%*
3 cdleZn-concentration 46.95 93.5% 1807.09* 512.2%%*
e claleCu-concentration 1.49 7.11%* 45.55%* 16.76**
KLis o3lDry matter 1.7 4.12%* 8.89%** 11.14%*
oal wisFe-uptake 25400.5 16799 ™ 225518.7** 86027.5%*
3540 wisMn -uptake 10047.4 192231.1  5515843.7%%  220409%*
9y waZn -uptake 6303.01 7665.9™ 125881.9%*  68316.2%*
e wiaCu -uptake 237.3 938.6%* 4155.6%* 3189.9%*
bl alExch- Fe 0.0522 0.344%* 31.81%* 0.742%%*
SluyS palCar-Fe 0.0486 0.0685™ 0.178 ™ 1.28%*
JI oal OM-Fe 0.0102 0.07%* 0.169** 2.08%*
JSae ool glbauSIAFeOX-Fe  3140.012  4624.61™ 559.51™ 381000%*
S )S ol sounSICFeOX-Fe 316458  543436.1%  231496.1™  42628620.2%*
15638l b s pSolas (plFe-EDTA 1482 2.989* 41.48%* 1418.5%*

Woyd ) g0 il daw )3 45 xe g o)l Gre pE iy 4 e NS
Ns,*,** not significant and significant at P< 0.05 and P< 0.01 at respectively
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Introduction: Among essential plant micronutrients, iron (Fe) exerts the highest restriction to crop
production in Fars Province. Determination of iron chemical forms is one of the accurate methods to study the
status of this element (Fe) in the soil. Assessment of the relationships between the chemical forms and soil
characteristic helps to describe the chemical changes of iron in the soil. In this study sequential extraction to
determine iron forms in soils was conducted in order to provide a clear understanding of elements mobility and
availability to plants. Trace elements in the soil are classified into 5 groups of chemical forms. These are the
water-soluble and variable, adsorbed, chelate creating with complex compounds, secondary clay minerals, forms
of insoluble metal oxide minerals, and primary minerals. Trace elements in the forms of water-soluble,
changeable, adsorbed or chelates improve elemental balance in the soil and are known important for plant
nutrition.

Materials and Methods: In a greenhouse experiment, the effects of Fe chelate (FeEEDDHA) fertilizer levels
on William cultivar of soybean (Glycine max L.) growth and chemical composition were studied using factorial
and completely randomized design with 3 replications. Treatments were consisted of 10 soil samples and 3 levels
of Fe applications (control, 5 and 10 mg.kg-1 as Fe EDDHA). The aerial parts of Soybean plant were harvested
at 8 weeks after plant emergence.Furthermore, many physical and chemical soil properties and extractable iron
content with DTPA and EDTA were determined. Furthermore, by using sequential extraction methods of Singh
et al ( 1988), chemical forms of Iron for example, exchangeable iron (Exch-Fe), organic bounded iron (OM-Fe),
amorph iron oxides bounded iron (AFeOX-Fe), crystal iron oxides bounded iron (CFeOX-Fe), carbonate and
residual forms of iron in the studied soils, were determined. Finally, concentrations of Fe, Mn, Cu and Zn were
detected in plant and soil.

Results and Discussion: Forms of carbonate, organic, amorphous oxide, crystalline iron oxide in the forms
of bounded and residual iron showed 0.0053, 0.0016, 0.44, 21.1 and 78.6% of the total soil iron, respectively.
Therefore, the content of carbonate, organically bound iron of soil, represented only a small fraction of total soil
iron and was considered unimportant in the total iron.In other words, crystalline iron oxide bound iron and
residual iron forms constituted an important part of total iron.

The average contents of chemical forms of iron were classified as follows:

Res-Fe>CFeOX-Fe>AFeOX-Fe>Car-Fe> OM-Fe >Exch-Fe

Applications of Fe had a significant effect on dry matter, concentration, and uptake of Fe, Zn, Cu and Mn,
extractable forms via extracting DTPA, EDTA, organic and exchangeable forms in soybean, when compared to
the control. Among the chemical forms of iron, organic form had a significant positive correlation with the
amount of available iron plant (extraction by DTPA). Moreover, most of the physical and chemical properties of
calcareous soils studied were significantly correlated with the chemical forms and amount of iron uptake by
plant. DTPA extractable iron had a negative significant correlation with pH (R?=0.514") and EDTA extractable
iron had a positive significant correlation with organic matter (R*= 0.428"). The strongest correlation among the
different chemical forms was obtained between the total and residual iron forms. Furthermore, the form
connected to the amorphous iron oxides (AFeOX-Fe) showed a positive significant correlation with crystalline
iron oxide bound iron (CFeOX-Fe). Therefore, there were significant correlations between some chemical forms
of Fe, indicating the existence of a dynamic relationship between them in soils.

Conclusions: Application of Fe EDDHA resulted in significant increase in the organic and plant available
(DTPA) forms of iron and, then it can be inferred that due to significant regression equation (r=0.435") between
two chemical forms of iron (organic and DTPA extracted), the form of organically bound formed the bulk of
available iron in the plant. The positive reaction of plant to the use of Fe EDDHA was attributed to a significant
increase in absorbable forms of iron in the studied soils. Furthermore, the highest level of iron (10 mgkg™ as Fe
EDDHA) resulted in significant decrease of yield and a sharp drop in the concentration and uptake of other
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nutrients such as Cu, Mn and Zn in plant. Thus, production and appropriate stability of the concentration of the
other nutrients and good balance should be achievedthrough using an optimum level of Fe EDDHA in the
Soybeancultivation.

Keywords: Iron, EDTA, DTPA, Sequential extraction,Chemical and Physical properties of soil



