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Abstract: Hvaluation agricultural land management practices require a through knowledge of soil spatial
variability and understand their relationship. The objectives of this study was to estimate, the distribution of
Zmnc (Zn) fractions n calcareous soils in Bajgah district, Fars province, Southern Iran, for recognize the mobility
and bioavailability of Zn chemical fractions in the field scale. Five different kinds of chemical forms of Zn in the

surface soil of this area analyzed by the method of a combination of geostatistic method and sequential
extraction. Soil properties will have a major effect on elements mobility. A sequential extraction procedure was

used to fractionate chemical forms of Zn. The forms determined were exchangeable, sorbed, organic, carbonate,
residual and sum of forms. The spatial distribution and spatial dependence level varied within location. The
range of spatial dependence was found to vary within soil parameters. Generally, exchangeable form had the
shortest range of spatial dependence (70.50 m) and residual Zn had the longest (368.10 m).
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INTRODUCTION

Site-specific management of nutrients gives the
farmer the potential to apply the exact requirement of
nutrients at each given location in a field. Also, can be
viewed as a cyclical process of within field data collection,
data analysis, optimum decision making, variable rate
application and evaluation. Tt is generally recognized that
mnformation about the physicochemical forms of elements
15 required for understanding their environmental
behavior, mcluding mobility, pathways and bicavailability
(Tack and Verloo, 1995). In soils, elements of interest exist
mn several different forms and are associated with a range
of components (Cottenie et al, 1982). Recently,
fractionation studies of metallic elements m soils using a
sequential can provide an
understanding of its chemical fractions and potential

extraction procedure

bioavailability. Usually, the fractions considered are as
follows: exchangeable, organically complexes carbonate
bound, won and manganese hydroxides linked and
residual fractions (Kabala and Singh, 2001; Kersten and
Forstner, 1995). Different fractions of soil metal vary
considerably in  their reactivity and
bioavailability. The water-soluble and exchangeable forms

chemical

of metals are considered to be the most available to plants

(Shuman, 1991) and metals bound to organic matter are
also found to be available to plants (Tyengar et al., 1981).
Zmc 1s one of the seven micronutrients essential for crop
growth. The deficiency of zinc causes shortage of
proteins, which results in plant dwarf ness, delay in
ripemng and ultimate loss m yield. Globally, 30% of
cultivated soils, which has implication for plant growth
and nutrition and nutritive value of crops. With almost
half of word’s population at risk of madequate Zn intake
(Brown and Wuehler, 2002), there 1s need to increase
dietary intake in many regions of lighly calcareous soils
in Tran. The mobility, transport and partitioning of Zn in
soils are dependent on various soil chemical properties
that include soil pH, the type and contents of clay
minerals and the contents of Al and Fe oxides, carbonates
and organic matter (Yasrebi ez al, 1994; Basta et al., 2001).
In earlier studies, the sequential extractions of soils
demonstrated a positive and sigmficant correlation
between 7Zn amounts extracted with DTPA and the sum of
exchangeable and carbonate fractions (L1 and Shuman,
1996; Obrador et a., 2003). Yasrebi et al. (1994) found that
Zn m calcareous soils was mainly i the residual fraction
(88%). Shuman (1985) reported that Zn was mainly in the
crystalline iron oxide fraction and the residual fraction.
More than 47% of the land in India 1s deficient m Zn due
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to the fact that 80-96% of the Zn is in the residual fraction
(Singh et al., 1988). Han and Zhu (1992) reported that zinc
n calcareous paddy soils in China was predominantly in
the residual fraction (97-99%). Geostatistics have recently
been used as a tool for soil investigation, mapping and
helpful to study spatial variability in soil-management
practices. Spatial dependence has been observed for a
wide range of soil physical, chemical and biological
properties and processes (Lyons ef al., 1998; Raun et al.,
1998). Soil nutrient varnability mapping has been reported
as an umportant component for establishing management
zones (Castrignano et al., 2000). There is little information
available in spatial distribution of zinc fractions and the
relationship with available 7Zn in calcareous soils.
Geostatistical approach has been popularly applied to
analyze spatial structure and spatial distribution of seil
heavy metals (Liu et al., 2006; Saby et al., 2006). Since,
limited information 1s available for description of spatial
variability of elements fractionation in the field-scale. The
main objectives of this study were to investigate the
spatial dependency of Zn forms at field scale in
agriculturally in Bajgah district,
Southern Iran, estimate the distribution of Zn forms
at field scale in agriculturally used soils for recognize the

calcareous  soils

mobility and bicavailability of zinc fractions in the
study area.

MATERIALS AND METHODS

Study area and soil sampling: The study was conducted
in a fallow land in Bajgah, 46.7 ha in northeast of Shiraz,
Fars province, Iran (Fig. 1). According to the USDA
Soil Taxonomy (Soil Survey Staff, 2006), the soil at
the study area was classified as Fine, mixed, mesic,
Fluventic Calcixerepts. Soil samples were collected
(September, 2007) at approximately 60 m* at 0-30 cm depth
and coordinates of each of the 100 points were recorded
using global positioning system (Fig. 1).

Soil characterization: The soil samples were talen to the
laboratory and air-dried over night and passed through a
2 mm sieve. Particle size analysis was performed using
hydrometer method (Day, 1965); pH was measured in
saturated paste; Cation Exchange Capacity (CEC)
was determined using extraction with sodium acetate
(Page et al., 1987), Electrical Conductivity (ECe) was
measured with Electroconductimeter, percentage of
Calcium Carbonate Equivalent (CCE) was measured by
acid neutralization (Salinity Laboratory Staff, 1954,
Organic Matter (OM) content was determined using

867

Wallkly-Black (1934) plant-available fraction of Zn was
by of absorption
spectrophotometer (Lindsay and Norvell, 1978). Aqua
regia (mixture of HF, HCIO,, HNO, and H,30,) was
used to determine the total contents of Zn (Ma and Uren,
1997).

determined means atormic

Fractionation procedure: The procedure of Sposito et al.
(1982), was used for this study, is designed to separate
zine mto five operationally defined fractions:
exchangeable (F1), sorbed (F2), organic (F3), carbonate
(F4) and residual fractions (F5). A summary of the
procedure 1s as follows:

F1: Two grams of soil were weighed and placed in a 50 mT.
polycarbonate centrifuge tube, sample extracted with
25mL of 0.5 M KNO, for16 h,

F2: Residue from exchangeable fraction extracted with
25 mL of deionized water for 2 h (3 times).

F3: Residue from sorbed fraction extracted with 25 mL
0.5MNaOH for 16 h.

F4: Residue from organic fraction extracted with M
0.05 Na,EDTA for 2 h.

F5: Residue from carbonate fraction extracted with
M,HNO, for 16 hin 80°C.

Descriptive statistics and geostatistical analysis:
Statistical analysis were done in 3 stages. First, the
frequency distributions were analyzed and normality
was tested using the Kolmogoroph-Smironoph test
(SAS, 1996). Secondly, the distribution of data was
described using conventional statistics such as mean,
maximum, minimum, median, Standard Deviation (SD),
Coefficient of Variation (CV), skewness and kurtosis.
These analyses were conducted using the STATISTICA
software package (StatSoft Inc., 2001). Thirdly, geo-
statistical analysis performed using the GS
(Gamma Design Software) to determine the spatial

wds

dependency of soil properties and zinc chemical forms.
Isotropic semi-variograms for the soil parameters were
computed to determine any spatially dependant variance
within the field. Experimental semi-variograms were fitted
to three models (i.e., exponential, spherical and Gaussian)
separately and the best model was selected based on the
fit. Block kriging procedure in GS” was used to obtain the
poimt estimates of the soil properties and zine chemical
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Fig. 1: Location of the study area and sampling pattern

fraction at unsampled locations. Using the model

semi-variogram, basic spatial parameters such as nugget =~ adables Db 'NIED Mid, Wi CN ST Skewhios WO,
: (G, structural ] ©) (Ayand sill pH (Log (Y)) 808 808 7.80 832 130 011 -003 -0330
VELILEO Ly BUUCIUIE. VELIELCS Y): TlRe dLLE3L EC (dSm™) 060 059 034 120 2591 015 109 2330
(C + C,) was calculated. Nugget variance is the variance silt @) 4036 4100 3650 4300 390 1358 -050  -0.630
at zero distance, sill 1s the lag distance between — Clay (%) 5541 5460 5230 5890 342 190 049  -1.230
; : o
measurements at which one value for a variable does not OM (26} 108 LS 031 342 2006 04 g2 0030
0] ohbori I o s the di CCE (%) 53.02 5340 4719 5963 657 349 004  -1.140
influence neighboring values and range 1s the distance CEC 1832 17.63 1543 2533 943 173 121 2340
at which values of one variable become spatially (Cmol+ kg™)
mdependent of another (Lopez-Granados et al, 2002, Flmgkg™) 053 034 036 064 1132 006 -046 0269
; F2{mgkg™) 031 030 027 044 935 002 121 2390
Yasrebi et al., 2008). (mg g_l)
Fi(mgkg™ 007 007 006 010 4815 006 121  2.400
Fa(mgkg’) 880 890 702 1084 1263 111 -076 -0.950
RESULTS AND DISCUSSION F5(mgkg™) 63.60 6339 61.15 7316 178 113 -008  -0.900
Total 7333 7318 7256 7467 093 068 083 0046
p gl g . : zine (mg kg™
Soil chgracterlstlcs. A summery of soil properties 1s Available 0.8 08 003 105 1259 010 -008 -0.910
shown in Table 1. The results show that the pH zine (mg k)

values of the soils ranged from 7.8-8.32, ECe with a range
of 0.34-1.20, clay with a rang of 52-59, silt with a rang of
36-43, OM content varied from 0.91-3, CCE and CEC with
ranges 47-60 and 15-26, respectively. CV for all of
variables was very different; the greatest variation was
observed m the OM whereas, the smallest variation was
in pH. Silt, pH, clay, CCE and CEC had low variation
(CV<15%) whereas, ECe and OM exhibited a medium
variation (CV 15-50%) according to the guidelines
provided by Warrick (1998) for variability of soil
properties.

Fractionation of zinc: The sequential extraction results in
Table 1 shows that zinc 1s strongly associated with the
residual, 86% (with a range of 61-63 mg kg™") and
carbonate fraction, 12% (with a range of 7-10.5 mg kg ™),
which agrees with the observation of Yasrebi et al. (1994),
McGrath and Cegarra (1992) and Han and Zhu (1992). Zn
in the exchangeable zinc accounts for 0.7% (with a range
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Table 1: Descriptive statistics for soil properties within the field grid

of 0.3-0.6 mg kg™ of the total Zn in the soil. The
adsorbed fraction is of minor importance accounts for
0.4% (with a range of 0.2-0.4 mg kg™") of the total Zn in
the soil. The percentage of the organic fraction is very low
insoil 0.1% (with arange of 0.06-0.1 mg kg™"). This agrees
with those reported by Yasrebn ef al. (1994) and
Luoma and Bryan (1981). Overall, the decreasing order of
Zmec fractions generally was: Residual >=> carbonate
fraction > exchangeable > Adsorbed > Orgame fraction. In
contrast with the residual zine fraction, other fractions had
great variation i field-scale. The mobility of Zn could be
assessed by a Mobility Factor (MF) (Salbu et al., 1998),
which could be calculated according to the equation
as followed:

_ Fl+F2+F4 "
Fl+ F2+ F3+F4+F5
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The mobility factor of zinc in the examined soils
varied within the limits of 10.5-16% (with average 13.2%).

Zinc fractions in relation to soil properties: Correlation
analysis was conducted between soil properties of the
studied samples and Zn distribution in these soils.
Table 2 shows that exchangeable fraction of Zn gave
significant positive correlation with CEC, Zn-DTPA, OM,
Clay content, whereas the changes in part showed
sigmficant negative correlations with pH and CCE. Also,
this fraction and other fractions were nonsignificantly
and positively correlated with Silt. The result shown that
adsorbed fraction was positively and sigmificantly
correlated with CEC and clay content. The highly
correlation between adsorbed fraction and clay content
is related to the adsorption and ion exchange of zine
mto clay particles. The values of coefficients of
correlation of organic fraction with pH, clay and silt
content of soil were nonsigmficant, only OM and CEC
were positively and significantly correlated with this
fraction. Xiang et al. (1993) also, obtained a significant
positive correlation between CEC, organic matter and clay
content. The high correlation values between the organic
content and the heavy metal 1s related to the considerable
chelating power of the organic matter to the heavy metal
as well as to thepower of the surface adsorption of the
heavy metals onto the surface of the organic material
(Gupta et al, 1975). However, this part was
nonsignificantly and negatively correlated with CCE.
These results are in accordance with the findings of
Dhane and Shukla (1995). The strongest correlation for

DTPA. Rivero reported that the residual soil Zn
significantly correlated with clay and carbonate content
in soil, but not with total Zn content.

Forecasting evaluation methods: The summary statistics
of scil parameters are shown in Table 1. The descriptive
statistics of soil data suggested that they were all
normally distributed (according to Kolmogrov Smironov
test). In order to identify the possible spatial structure of
fractions of zinc and soil properties, semi-variograms were
calculated and the best models that describe these spatial
structures were identified. The results are given in
Table 3 and depicted in Fig. 2. The spatial variation
depicted by the semivariograms models are shown on
Table 3. Spherical, Gaussian and Exponential models were
found to fit well the experimental semi-variograms (Fig. 2).
The geostatistical analysis presented different spatial
distribution models and spatial dependence levels for the
soil properties and fractions of zinc. As shown in Table 3,
the ranges of spatial dependences show a large variation
(from 32 m for carbonate fraction of zinc up to 368/10m for
total zinc). Knowledge of the range of influence for
various soil properties and fractions of zinc allows one to
construct independent datasets to perform classical
statistical analysis. The range values shown considerable
variability among the parameters (Table 3). Figure 3 shows
the digital maps obtained by kriging for soil properties.
The different ranges of spatial correlation for nutrients
may be related to the ions mobility in the soil. Inthe

Table 2: Correlations between soil properties and Zin fractions
Chemical

carbonate bound were for CCE and Zn-DTPA, whereas forms pH Silt Clay  OM CCE CEC  Zn-DTPA
were moderately correlation between this part and CEC Fl -0.71%  034ns 0.69%  0.72%  -081** 076%F  0.83%*
S . F2 -045ns 0.28ns 084 043ns -0.65%  0.88%*  0.4d4dns
and OM. There were no significant correlations between 3 04ons 03815 047ns 087" -0.64* 0.60*  0.53ns
the proportions of this fraction with other soil characters. F4 0.5Ins  O4lns  0.54ns  0.65% 086" 0.79% 0.8
Residual Zn was correlated with clay content and zn- B 038n1s 0.18ns 0.68* -0.34 -0381s 0.46ns 0.64%
Table 3: Parameters for variogram models for different soil properties
Variables Model Nugget Sill Range Spatial ratio (%%)  Spatial class ME MSE R?
pH Exponential 0.00097 0.01104 109.50 0.08000 S -0.0006 0.0100 0.35
EC Gaussian 0.00001 0.01292 51.70 0.00070 S 0.1678 0.0619 0.45
Silt Gaussian 0.278 2.55200 57.20 0.09000 S -0.0330 2.2110 0.37
Clay Exponential 0.000001 0.00142 148.90 0.00070 S -0.0059 1.2910 0.80
oM Gaussian 0.0001 0.05700 64.00 0.00175 S -1.2055 1.5940 0.52
CCE Spherical 0.0001 0.06190 181.94 0.00170 S -0.1620 9.4243 0.51
CEC Gaussian 0.00001 0.00882 91.00 0.00113 S -0.0049 1.5620 0.72
F1 Exponential 0.00028 0.00228 70.50 10.81600 S 0.0225 0.0354 0.73
F2 Gaussian 0.00001 0.00862 134.92 0.11600 S -0.0510 7.8950 0.83
F3 Gaussian 0.00001 0.00912 118.99 0.11000 S 0.0710 22170 0.88
F4 Spherical 0.04800 1.20700 32.00 3.82500 S -0.5350 0.9008 0.74
F5 Exponential 0.27000 1.30400 259.50 17.15400 S 0.0064 1.2370 0.68
Total zinc Exponential 0.00000 0.00074 368.10 0.13500 S -0.0640 2.9470 0.83
Available zinc  Exponential 0.00001 0.00374 139.25 0.26700 S 0.0280 0.0610 0.92

Spatial ratio = Nugget sernivariance/total sermivariance; Total semivariance = Nugget + sill
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present study, spatial distribution of available zinc
appeared to be correlated to that of sorbed fraction. The
variogram ranges of available zinc and sorbed fraction are
the same in studied area (Table 3). A large range indicates
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that observed values of a soil variable are influenced
by other values of this variable over greater distances

than soil variables, which have
(Lopez-Granados et al., 2002).

smaller ranges



Res. J. Biol. Sci., 4 (7): 866-873, 2009

REFERENCES

Basta, N.T., R. Gradwohl, K.L. Snethen and J.L. Schroder,
2001. Chemical mmmobilization of lead, zinc and
cadmium in smeltercontaminated soils using
biosolids and rock phosphate. J. Environ. Qual.,
30: 1222-1230. PMID: 11476499,

Brown, KH. and SE. Wuehler, 2002. Zinc and human
health: Results of recent trial and implications for
programme interventions and research. Micronutrient
Imitiative. Ottawa. Canada International Research
Centre. ISBN: 1-894217-13-6.

Castrignano, A., L. Giugliarini, R. Risaliti and N. Martinelli,
2000. Study of spatial relationship among some soil
physico-chemical properties of a field in central Italy
using multivariate geostatistic. Geoderma, 97: 39-60.
DOT: 10.1016/5001 6-7061 (00)00025-2.

Cottenie, A., M. Verloo, T.. Kiekens, G. Velghe and
R. Camerlynck, 1982. Chemical analysis of plants and
soils. IWONL, Brussels, pp: 63.

Day, R., 1965. Particle Fractionation and Particle Size
Analysis. In: Black, C.A. et al. (Ed.) Methods of Soil
Analysis. Part 1. Ser. No. 9. ASA. Madison, WI,
PR 545-566.

Dhane, S.8. and L.N. Shukla, 1995. Distribution of
different forms of Zn in benchmark and other
established soil series of Maharashtra. J. Indian. Soc.
Soil Sei., 43: 594-596. DOL: 10.1071/SR07073.

Gupta, S.K. and K.Y. Chen, 1975. Partitioning of trace
metals in selective chemical fractions of nearshore
sediments. Environ. Lett., 10: 129-158.

Han, FX and QX. Zhu, 1992. Fractionation and
availability of zine in paddy soils of China.
Pedosphere, 2: 283-288.

Iyengar, S.8., D.C. Martens and W.P. Miller, 1981.
Distribution and plant availability of soil zine
fractions. Soil Sci. Soc. Am. I, 45: 735-739.

Kabala, C. and B.R. Singh, 2001. Fractionation and
mobility of copper, lead and zinc in soil profiles in the
vicinity of a copper smelter. J. Environ. Qual.,
30: 485-492. PMID: 11285909,

Kersten, M. and U. Forstner, 1995. Speciation of Trace
Elements m Sediments. In: Batley, G. (Ed.). Trace
Element Speciation: Analytical Methods and
Problems: CRC Press, pp: 245-317. DOL: 10.1002/9780
470988312.¢chll.

Li, Z. and L. M. Shuman, 1996. Extractability of zine,
cadmium and nickel in soils amended with EDTA. Soil
Sci., 161: 226-232,

Lindsay, W.I.. and W.L. Norvell, 1978. Development of a
DTPA soil test for zinc, iron, manganese and copper.
Soil Sci. Soc. Am. T, 42: 421-428.

872

Liu, X. M., I.T. Wu and T M. Xu, 2006. Characterizing the
risk assessment of heavy metals and sampling
uncertainty analysis in paddy field by geostatistics
and GIS. Environ. Pollut., 141: 257-264. DOL: 10.10164.
envpol.2005.08.048.

Lopez-Granados, F., M. Jurado-Exposito, S. Atenciano,
A. Garcia-Ferrer, M.S. De la Orden and L. Garcia-
Torres, 2002. Spatial variability of agricultural soil
parameters in Southern Spain. Plant Soil, 246: 97-105.
DOIL: 10.1023/A:1021 56841 5380.

Luoma, SN. and G.W. Bryan, 1981. A statistical
assessment of the form of trace metals in oxidized
estuarine sediments employing chemical extractants.
Sei. Total Enviren., 17: 165-196.

Lyons, J.B., I H. Garres and J.A. Amador, 1998. Spatial
and temporal variability of phosphorus retention in a
riparian forest soil. J. Environ. Qual., 27: 895-903.

Ma, YB. and N.C. Uren, 1997. The fate and
transformations of zinc added to soils. Aust. T. Soil
Res., 35: 727-738. DOL: 10.1071/896102.

McGrath, S.P. and T. Cegarra, 1992. Chemical extractability
of heavy metals during and after long-term
applications of sewage sludge to scil. Soil Sci.,
43: 313-321. DOL 10.1111/.1365-2389.1992.th00139.x.

Obrador, AT, Novillo and T.M. Alvarez, 2003. Mobility
and availability to plants of two zinc sources applied
to a calcareous soil. Soil Sci. Soc. Am. I, 67: 564-572.

Page, M.C., D.L. Sparks, M.R. Noll and G.I. Hendricks,
1987. Kinetics and mechanisms of potassium release
from sandy middle Atlantic Coastal plam soils. Soil
Sci. Soc. Am. T, 51: 1460-1465.

Raun, WR., TB. Solie and G.V. Johnson, 1998.
Microvariability in soil test, plant nutrient and
yield parameters in Bermudagrass. Soil Sci. Soc. Am.
1., 62: 683-690,

Saby, N., D. Armrouays, L. Boulonne, C. Jolivet and
A Pochot, 2006. Geostatistical assessment of Pb
msol around Paris, France. Sci. Total Enviren.,
367: 212-221. DOL: 10.1016/) scitotenv.2005.11.028.

Salbu, B., T. Krekling and D.H. Oughton, 1998.
Characterization of radioactive particles in the
enviromment. Analystic, 123: 843-849.

Salinity Laboratory  Staff, 1954, Diagnosis and
Improvement of Saline and Alkali soils, USDA, Hb.
No. 60. Washington DC.

SAS Institute Inc., 1996, SAS/STAT user’s guide version
6.12. Cary, NC, TUSA: SAS Institute Tnc.

Shuman, L.M., 1985, Fractionation method for soil
microelements. Soil Sci., 140: 11-12.

Shuman, L.M., 1991. Chemical Forms of Micronutrients in
Soils. Tn: Mortvedt, T.J. (Ed.). Micronutrients in
agriculture. Soil Sei. Soc. Am. Book Series 4. and Inc.,
Madison, WI.



Res. J. Biol. Sci., 4 (7): 866-873, 2009

Singh, I.P., P.S. Karwasra and M. Singh, 1988. Distribution
and forms of copper, iron, manganese and zinc in
calcareous soils of India. Soil Sci., 146: 359-366.

Soil Survey Staff, 2006. Keys to Soil Taxonomy, USDA,
NRCS, Washington DC.

Yasrebi, J., M. Saffari, H. Fathi, N. Karimian, M. Emadi
and M. Baghernejad, 2008. Spatial variability of
soil fertility properties for precision agriculture in
Southern Tran. J. Applied Sci., 8 (9): 1642-1650.

Sposito, G., L.J. Lund and A.C. Chang, 1982. Trace metal
chemistry in arid zone field soils amended with
sewage sludge: 1. Fractionation of N1, Cu, Zn, Cd and

Pb in solid phases. Soil Sci. Soc. Am. I., 46: 260-264.

StatSoft, Tnc., 2001. STATISTICA (data analysis software
system), version 6. www statsoft.com.

Tack, FM.G. and M.G. Verloo, 1995. Chemical speciation
and fractionation in soil and sediment heavy metal
analysis. Int. I. Environ. Anal. Chem., 59: 225-238.

873

Walkly, A. and T.A. Black, 1934. An examination of the
degtjareff method for determining soil organic matter
and a proposed medification of the chromic acid
titration method. Soil Sci1., 37: 29-38.

Warricl, A W., 1998. Spatial Variability. In: Hillel, D. (Ed.).
Environmental Soil Physics. Academic Press, USA.
pp: 655-675.

Xiang, HF., HA Tang and QH. Ying, 1995
Transformation and distribution of forms of zinc in
acid, neutral and calcareous soils of China.
Geoderma, 66: 121-135. DOIL: 10.1016/0016-7061(94)
00067-K.

Yasrebi, J., N. Karimian, M. Maftoun, A. Abtali and
AM. Sameni, 1994. Distribution of zinc in highly
calcareous soils as affected by soil physical and
chemical properties and application of zinc sulphate.
Commun. Soil Sci. Plant Anal., 25: 2133-2145. DO 10.
1080/00103629409369177.



