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Zinc fractionation in the rhizosphere of wheat (Triticum aestivum L.)
plant in soils treated with sewage sludge
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Abstract. Rhizosphere is a microbiosphere and has quite different chemical, physical and biological
properties from bulk soils. A greenhouse experiment was performed to compare fractionation of Zinc (Zn)
between rhizosphere and bulk soils amended with sewage sludge (1% w/w of sewage sludge to soil). Fractions
of Zn were determined in two subsamples (rhizosphere and bulk soils). The results indicated concentration of
Zn-fractions (except carbonates-associated) in the rhizosphere soils were significantly (p<0.05) different from
concentrations of Zn-fractions in the bulk soils. Also, results revealed that significant correlation (p<0.05)
between Zn associated with iron-manganese and yield and uptake indices in the rhizosphere and bulk soils
were found. The results of this research illustrated that rhizosphere is a small zone but important environmental
zone in soils with quite different properties.
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Introduction
Rhizosphere is commonly defined as the zone where root
activity influences significantly the biological and
chemical properties of the soil (Chen et al., 2006). Thus
the chemical and biological characteristics of the
rhizosphere soils can be very different from those of the
bulk soils surrounding them. Plant roots release
continuously compounds, such as sugars, amino acids,
organic acids and vitamins, which serve as substrates for
microorganisms (Szmigielska et al., 1996). The different
chemical and biological conditions of the rhizosphere
with respect to the nonrhizosphere soil (bulk soil) can
affect metal fractions in soil and therefore bioavailability
(Dessureault-Rompre et al., 2008).
Sewage sludge is an important source of nutrients
such as Zn and organic matter since a few decades,
sewage sludge have been increasingly used in numerous
countries around the world as fertilizers on farm lands
because of their high content of organic matter and
essential nutrients that favor crop growth (Renoux et al.,
2007).
Plants have the potential to transform metal species
for easier uptake through root exudation or pH changes in
the rhizosphere (Whiting et al., 2001). Following the

observation that the measurement of free metal ion
activities in soil solution before plant growth did not
provide the best prediction of metal supply to the plant
(Nolan et al., 2005), it remains a controversial issue
whether plants predominantly absorb free metal ions from
soil solution (Hamon et al., 1995). For this reason,
determining Zn fractions in the rhizosphere as the zone
where root activity influences significantly and
understanding subsequent Zn uptake by plants are
currently subjects of much research (Martinez-Alcala et
al. 2010). Wang et al. (2002) stated that fractionation
differences were observed for Zn between the wheat
(Triticum aestivum L.) rhizosphere and bulk soil.
Studies dealing with the rhizosphere are important
to determine the dynamics of nutrient changes in soils
(Hinsinger, 2001) and needs to evaluate Zn-fractions in
amended soils with sewage sludge. Therefore, the
objectives of the present study were to evaluate fractions
of Zn in bulk and rhizosphere amended soils with sewage
sludge.
Materials and Methods
Ten soil samples were collected from Chaharmahal-VaBakhtiari province, in central Iran. Particle size
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Table 1. Selected properties of soils
Soil No.
1
2
3
4
5
6
7
8
9
10

clay

silt

55
53
49
46
41
37
25
38
48
49

40
44
39
42
42
44
33
55
46
46

CaCO3
TOC
EC
CEC
pH
(dS m-1)
(cmolc kg-1)
(%)
28.7
0.72
7.8
0.13
20.9
35.6
0.30
8.1
0.13
19.3
29.4
0.51
7.9
0.12
22.5
26.4
0.71
7.8
0.14
21.6
32.2
0.54
8.1
0.13
16.0
32.5
0.80
7.6
0.16
15.6
41.0
0.47
7.7
0.21
11.5
23.1
1.19
8.1
0.24
17.9
11.3
1.16
7.8
0.25
18.5
14.8
0.97
7.9
0.23
17.9
Available Zn: Zn extracted using DTPA-TEA.

distribution, Electrical conductivity (EC), pH, Organic
carbon, equivalent calcium carbonate and cation
exchange capacity were determined by standard methods.
Total and available Zn was determined using 4 M HNO3
(Sposito et al. 1982) and DTPA-TEA (Lindsay and
Norvell, 1978) respectively. Value of pH in sewage
sludge was 7.5. Electrical conductivity was 2.25 dS m-1.
Organic carbon was 38%. Also, the available and total
concentrations of Zn were 558 and 1321 mg kg−1,
respectively.
A homemade rhizobox (Wang et al. 2002) was used
to plant wheat. The dimension of the rhizobox was
200mm × 130mm × 200mm (length × width × height).
The rhizobox was divided into three sections: a central
zone or rhizosphere zone (30mm in width), which was
surrounded by nylon cloth (300 mesh), and left and right
nonrhizosphere zones (bulk soil) (50 mm in width). One
percentage (w/w) of sewage sludge was added to soils,
and then amended soils were incubated at field capacity,
for 1 month. After incubation, soils were air-dried. Three
seeds were sown per rhizosphere zone. Plants were grown
under greenhouse conditions. The aboveground parts of
the plants were first harvested as shoots. The rhizobox
was then dismantled. The rhizosphere soil was sieved
gently to remove the roots by keeping the root mass intact
as much as possible. The soils taken from rhizosphere
soil zone and two bulk soil zones of the left and right
were mixed separately for further analysis. Shoots were
rinsed with deionized water, and then dried at 70 0C for
48 h, and the dried sample was finely ground for analysis.
Zn concentration was extracted using dry ash in shoot
(Campbell and Plank, 1998) and then concentrations of
Zn were determined using an atomic absorption
spectrophotometer (model G.B.C 932).
In the bulk and the rhizosphere soils exchangeable
Zn (EXCH-Zn), Zn associated with carbonates (CARBZn), Zn associated with manganese-iron oxides (OXIDSZn) and Zn associated with organic matter fractions (OMZn) were determined based on that employed by Tessier
et al. (1979) and residual fraction (RES-Zn) was
determined using 4 M HNO3 (Sposito et al. 1982).

Available Zn
(mg kg-1)
0.50
0.59
0.34
0.75
0.54
0.66
0.77
0.73
1.31
0.39

Total Zn
(mg kg-1)
57
54
45
45
37
44
34
58
54
56

The significant differences of Zn fractions, between
rhizosphere and bulk soils were determined by using
paired-samples t-test.
Results and Discussion
Selected chemical and physical properties of the soils
studied are given in Table 1. These results showed that
there was a wide variation in the selected chemical and
physical properties of the soils. Clay contents in all soils
averaged 44 and ranged from 25 to 55%. The soils were
alkaline and low in EC and organic matter. The CEC
ranged from 11.5 to 22.5 cmolc kg-1. The available Zn
ranged from 0.34 to 1.31 mg kg-1. The total Zn in all soils
ranged from 34 to 58 mg kg-1.
The amounts of Zn fractions in the rhizosphere and
bulk soils using the sequential extraction method are
shown in Table 2. The results of this table show that
concentrations of Zn-fractions (except carbonateassociated) in the rhizosphere were significantly (p<0.05)
different from concentrations of Zn-fractions in the bulk
soils. The exchangeable fraction and Zn associated with
organic matter were decreased in the rhizosphere soil.
Whereas Zn associated with iron-manganese oxides and
residual fractions were increased in the rhizosphere soils.
The average of exchangeable fraction and Zn associated
with organic carbon in the rhizosphere soils were 0.16
(0.25% of total) and 1.16 (1.78% of total) mg kg-1
respectively, whereas the average of these fractions were
0.22 (0.36% of total) and 1.27 (2.07% of total) mg kg-1 in
the bulk soils respectively. Also, the average of Zn
associated with iron-manganese oxides and residual
fraction were 12.92 (19.82% of total) and 50.3 (77.19%
of total) mg kg-1 in the rhizosphere soils respectively,
whereas in the bulk soils the average of Zn associated
with iron-manganese oxides and residual fractions were
11.75 (19.06% of total) and 47.8 (77.52% of total) mg kg1
, respectively.
The decrease in exchangeable fraction was reported
by Youssef and Chino (1989). The exchangeable and
water-soluble fractions may recomplexed by organic
material secreted by roots (Marschner et al., 1989),
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Table 2. Zn concentration (mg kg-1) in different fractions in the rhizosphere (R) and the bulk (B) soils
EXCH-Zn
CARB-Zn
OXIDS-Zn
OM-Zn
RES-Zn
R
B
R
B
R
B
R
B
R
B
1
0.16b 0.22a
0.43a 0.39a
9.94a
9.27b
1.13b 1.60a
61.4a 55.5b
2
0.15b 0.21a
0.39a 0.41a
10.71a
7.77b
1.40a 1.41a
57.2a 53.9b
3
0.14b 0.20a
0.38a 0.40a
12.27a 12.21a
0.80b 1.03a
48.4a 46.6b
4
0.15b 0.21a
0.46a 0.47a
14.71a 14.02b
1.24a 1.25a
50.5a 48.7b
5
0.15b 0.22a
0.75a 0.78a
12.43a 10.68b
1.00a 1.02a
43.5a 42.6b
6
0.16b 0.23a
0.85a 0.69b
14.33a 13.83b
1.19b 1.30a
45.7a 39.0b
7
0.18b 0.24a
1.24a 1.10b
14.66a 13.84b
1.14b 1.23a
36.9a 34.0b
8
0.19b 0.24a
0.51a 0.52a
12.30a 10.85b
1.08b 1.21a
53.2a 53.0a
9
0.18b 0.26a
0.71a 0.78b
16.45a 15.05b
1.28b 1.32a
49.1a 48.5b
10
0.18a 0.21a
0.50a 0.56b
11.44a
9.95b
1.22b 1.37a
57.6a 56.0b
mean
0.16B 0.22A
0.62A 0.61A
12.92A 11.75B
1.16B 1.27A
50.3A 47.8B
Data of different fractions in the bulk and rhizosphere of each soil followed by the different letters are significantly
different (P<0.05).
Means in final row for different fractions followed by the different letters are significantly different (P<0.01).
Soil No.

therefore these fractions were reduced in rhizosphere soil
of wheat. Therefore a reasonable explanation for the
change in exchangeable Zn is transformation from
exchangeable Zn to other fractions. Increase in the Zn
associated with iron-manganese oxides can be attributed
to oxidize the organic materials by microorganism (Jones
et al., 1996). Therefore Zn associated with organic matter
would release in rhizosphere soil, moreover hydrous iron
oxides had a strong affinity for Zn sorption, but this
fraction did not fix zinc in an unavailable form (Stanton
and Berger, 1965), whereas it has been reported that the
incorporation of manganese oxide into soil did not affect
zinc availability (Mckenzine, 1978). Population of
microorganism in the rhizosphere soils increased and
therefore oxidation of organic materials has been
increased. Thus Zn-associated with organic matter was
released with oxidation of organic matter and organic
compounds exuded and therewith Zn associated with iron
oxides and residual Zn have been increased in the wheat
rhizosphere. Martinez-Alcala et al. (2010) documented
that the reaction of organic anions with Zn in soils
depends not only on their complexation ability but also
on their sorption/desorption reactions and their microbial
degradability. They reported that the higher microbial
biomass found in the rhizosphere soils, with respect to the
bulk soils, may enhance the degradation of the organic
compounds exuded by roots, fixation mechanisms in the
soil being more relevant for Zn immobilisation. In the
rhizosphere soils Zn associated with iron-manganese
oxides and Zn uptake indices was significantly correlated
(r=0.82**). Also, in the bulk soils Zn associated with
iron-manganese oxides and Zn uptake indices was
significantly correlated (r=0.80**). The results show that
in the wheat rhizosphere significant correlation between
Zn fractions and plant indices were higher than in the
bulk soils. Similar our results were obtained by Maqsood
et al. (2011). They indicated that the importance of ironmanganese oxides bound soil Zn in determining Zn
phytoavailability even in calcareous soils.

Conclusions
This study illustrated that concentrations of Zn-fractions
(except carbonate-associated) in the rhizosphere were
significantly different from concentrations of Zn-fractions
in the bulk soils. The correlation coefficients between Zn
associated with iron-manganese oxides and plant indices
were higher in the rhizosphere than in the bulk soils. The
results showed that Zn associated with iron-manganese
fractions was available for wheat. Research on
rhizosphere has been a hotspot because of its important
role in the agriculture and environments.
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