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Abstract

The objective of this study was to compare the effect of fine root activity of Olea europea L. and
Ficus carrica L. of soil in its immediate vicinity (in the so-called rhizosphere zone). The study was
conducted on two stations in Northern Algeria: Guendoul and Bouira. Olea europea L. and Ficus
carrica L. roots significantly modified some chemical properties of rhizosphere soil. Increases of
soil carbon, KNH4* and KHNO3- were observed in the Olea europea L. and Ficus carrica L
rhizosphere soil at both stations. Bulk and rhizosphere soil clay mineralogy was similar.
Interstratified illite-smectite, smectite-illite and illite were predominant in the clay fraction.
Chlorite and kaolinite were less represented. The decomposition of XRD diffractograms of two
soil clay fractions using the Decomp program revealed that Olea europea L. roots promote nK+
storage in interlayer position. Indeed, the lower abscissa position of the gravity center (cg) of the
X-ray patterns, the peak displacement of clays populations PCI, I/S, S/I toward illite peak
Article Info position indicates an increase of “illite-like” layer content in the vicinity of Olea europea L. roots.
Olea europea L. roots appeared to have more influence on the rhizosphere soil than Ficus carrica
L. roots probably because of its higher root biomass and the greater activity of the tree in winter
Received : 10.07.2014 (contrary to Ficus Carrica L., Olea europea L. keep their leaves in winter). The two species
Accepted : 12.03.2014 underground activity seems to be well reflected in their respective rhizosphere..
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Introduction

Olea europea L. and Ficus Carrica L. are often grown in Kabylia in North Algeria on soil with a limited fertility.
The use of nutrients by plants is highly dependent on the immediate physical, chemical and biological
conditions related to the vicinity of the roots (Darrah et al. 2006; Romheld and Neuman, 2006). The
magnitude of changes in the rhizosphere depends on the activity of roots and micro-organisms associated
with it that appear related to the tree species and soil fertility (Grayston et al. 1996; Chiu et al. 2002; Chen et
al. 2006). Studies on the rhizosphere of forest trees or field-grown plants showed a higher concentration of
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potassium in the vicinity of the roots (Vincenzo et al. 2003; Turpault et al. 2005; Calvaruso et al. 2011). It is
well known that the dynamics of potassium in soils is closely related to the amount and type of clay
(Goulding, 1987). Processes in the rhizosphere can also affect at relatively short time scales clay mineralogy
of the clay fraction (April, and Keller, 1990; Courchesne and Gobran, 1997; Augusto et al. 2001; Turpault et
al. 2008) and therefore the bioavailability of potassium (K bioavailability). This capacity of species to modify
the nutrient’s bioavailability in the rhizosphere can become a major characteristic in the selection of the
species to establish on soils deficient in nutriments. An increase of the KHNOj3 in the rhizospheric soil of olive
groves in North Algeria is confirmed by an increase in the number of illite- like layers in the rhizosphere
compared to bulk soil (Mouas Bourbia et al. 2013). Similar to olives, it can be deduced that the roots of the
fig tree is likely to affect the chemical and mineralogical properties of the rhizosphere so that it will adapt to
even the deficient nutrient soils. To our knowledge, few studies have focused on the impact of the root of the
olive and fig trees on soil slightly reworked. The objectives of this study are to determine if there are
changes: 1) in properties of potassium in the rhizosphere of olive and fig tree, 2) of the clay mineralogy in
the immediate vicinity of the root of olive and fig trees.

Material and Methods

Site description

The study was conducted on 4 sites in North Kabylia (Algeria), but only the results of two stations are
presented in this work. Main characteristics of the sites are presented in table 1. None of the studied sites
have been fertilized or irrigated. Guendoul is located north of the Djurdjura Mountains in a sub-humid
climatic zone (annual rainfall=826 mm, ETP (Thornwaite) =1072 mm). Bouira is located south of the
Djurdjura Mountains which diminish rainfall and consequently give a drier semi-arid zone (annual rainfall=
560 mm, ETP (Thornwaite) =998 mm). The climatic data were measured respectively for the sub-humid and
semi-arid zones at the Boukhalfa and Ain-Bessam meteorological stations between 1996 and 2006.

Soil sampling design

One composite sample of “rhizospheric” and “bulk” soils per site have been collected between December and
January 2005. For each site, 10 adjacent diagonally spaced trees have been selected in the middle of the
grove in order to avoid possible boundary effects. For each of the 10 selected trees, four soil cores (diameter
7.5 cm; depth 30 cm) positioned at the extremity of a 2.5 x 2.5 m cross centred on the Olive tree and fig tree
trunk were excavated. Roots present in the core were shaken freeing large particles and soil particles
adhering to the fine roots (less than 2 mm diameter) were collected which were considered to be the
“rhizospheric” soil. Rhizospheric soil from the 40 cores (4 cores x 10 trees) were combined, homogenised,
air-dried and sieved at 2 mm which constituted the “rhizospheric” sample. In each core, soil that was
obviously root-free was collected. Root free soil samples from the 40 cores were combined homogenised and
sieved at 2 mm. It constituted the “bulk” soil. The sampling design assured that “bulk” and “rhizospheric”
soils were indeed representative of each site. There is no replicate per site which explains why no error bars
are associated to the data for each site.

Root biomass

Three cylinders of volume of 250 ml are introduced into the horizons of the soil of 3 olive trees and 3 fig
trees. These depths correspond for both species approximately to the limits of the homogeneous horizons of
root prospecting. It is about horizons 0-12cm, 12-30cm and 30-45cm for the olive tree, 0-15cm, 15-25cm
and 25-40 cm for the fig tree. The soil and roots contained in cylinders are separated. A composite average
sample of the root biomass of 3 trees by station is constituted. Roots having been washed are dried in a
steam room at 60 °C. The results are expressed in g of dry matter of roots/ dms3 of soil.

Soil analyses
Physico-chemical characteristics of soil samples

Soil characteristics were determined on the composite samples according to standard methods proposed in
(Jackson, 1967). Particle size distribution was measured according to the Robinson pipette method (organic
matter oxidation by H;0,, shaking in a sodium hexametaphosphate solution). Soil pH was measured in a 1:5
soil distilled water suspension. CaCO; was determined only on bulk soil using the HCl 1M volumetric
method. Cation exchange capacity was measured according to the ammonium acetate method. Organic C was
determined by sulfochromic oxidation. Water extractable Potassium (Kw) was determined as follows. Soil
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samples were shaken during 45 minutes in deionized water with a 1/10 soil/water ratio. The suspension
was then filtrated and K* concentration in the solution was determined by flame spectrometry.
Exchangeable-K was extracted by shaking soil samples in an ammonium acetate 1M solution at pH 7
(soil/solution ratio of 1/10) during 1 h. The suspension was then filtrated and K* concentration in the
solution was determined by flame spectrometry. Slowly-exchangeable K was determined as follow. 25 mL of
boiling HNO3; 1M were added to 2.5g of soil. The suspension was boiled during 10 minutes and then filtrated.
Potassium concentration in the solution was determined by flame spectrometry. The slowly-exchangeable K
corresponded to the HNO3 extracted K minus the NH4* extracted K.

Soil clay mineralogy
Clay fractions recovery procedure and saturation

For each sample, 20 g of soil was dispersed in 100 ml of deionized water using ultrasonic treatment
(350J/mL). The suspended matter was left to sediment until only the <2 um remained in suspension (this
procedure had to be repeated several times because of the high calcium content in the samples which caused
flocculation of the clays). The supernatant containing the clay fraction was poured in a beaker. The
supernatant was divided in two for Sr and K saturation respectively. The Sr saturated clays were prepared as
follow: 1) a few millilitres of a 0.5 M strontium chloride solution were added to the supernatant so that the
suspension reached a 0.01 M SrCl, concentration; 2) all clays were flocculated and supernatant was
discarded; 3) the flocculated clays were rinsed several times with deionized water until no more Cl- ions in
the supernatant were observed using the AgNO3 test. The K saturated samples were obtained similarly with
KCl instead of SrCl,. About three drops of the K or Sr saturated clays were poured on a glass slide for
oriented X-ray diffraction.

X-ray pattern acquisition and calculation of the center of gravity peak position for clay minerals

Air-dried oriented preparations were analysed using a PANalytical Xpert Pro diffractometer (Rigaku). The
instrument was set in the 0/0 Bragg-Brentano configuration, with an optical system defined using the
following settings and parameters: anti-scatter and diffusion slits respectively 0.25 and 0.5°20 , Soller slits of
0.04 radians, Ni filter for Cu radiation, and a Xccelerator detector counting simultaneously over an angular
range of 2°20. The resulting X-ray patterns were then decomposed (after background subtraction and a four
point smoothing routine) using the Decomp program (Lanson, 1997). Peak areas were determined as the
product of peak height and width at half height. The center of gravity position of the X-Ray patterns in the
(001) 2:1 clay area was calculated according to Barré et al. (2007). This indicator gives an insight into the
total amount of layers “closed” to 1 nm: the smaller the center of gravity position, the greater the number of
1 nm layers (as discrete illite or in mixed layered minerals).

Statistical Analyses

The statistical analyses were conducted using the R program. The comparisons of soil characteristics,
quantities of K forms and mineralogical data in bulk and rhizospheric soils were conducted using a pairwise
t-test.

Results and Discussion
Increase in the fine root biomass of the olive tree in the upper layers

The root biomass is highest in the upper layers of soils for the two species. It is on average of 12, 5 g.dm-3
for the olive-tree (0-12cm), and of 3.94 g.dm-3 (0-15cm) for the fig tree. The root biomass falls to 5g.dm-3
between 10 and 25 cm for the olive-tree and 1.7g.dm3 for the fig tree. The Olea europea L. have the highest
root biomass in the two upper layers of root prospecting compared to Ficus carrica L.

Bulk and rhizospheric soil of olive and fig tree
Properties of bulk soil

The selected physical and chemical properties of the bulk soils are shown in Table 1. Bulk soil of olive and fig
tree in the same station presents certain homogeneity. The clay content, the CaCOs, the pH, the organic
carbon, the cation exchange capacity (CEC), the KNH4* and the KHNO3z does not show important differences.
The principal parameters allowing the comparison of the soils are: homogeneity of the soils, parental
material, and proximity of the plot, an identical microclimate (temperature, moisture, and precipitations), an
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exposure and a similar slope (Binkley, 1995). The characteristics of the studied sites (Table 1) allow the
comparison of the effect of the root of both species (olive and fig trees) on the same bulk soil. On the other
hand, differences in physical and chemical properties of the soil between the sites of Bouira and
Guendoul make it possible to compare olive and fig tree roots influence on two contrasted soil. One can
quote the clay content and the KHNOs is higher for Bouira, whereas the soil carbon, the CaCOs3, are higher for
Guendoul.

Table 1. Main characteristics of the 2 stations

Station Coordinates Specie Parent material Slope ?\?\};tBy,pZeOO@ CaCO3%
Bouira 36°23'43.19'N Olea europea L. 0Old illuvial 0% Cambisol 11,8
3°53'14.04 "E  Ficus carrica L. materials (calcaric) 15,4
36°44'20.63"N  Olea europea L. Cambisol 25
Guendoul 4°13'05.91"E  Ficus carrll?ca L. Carbonates 10% (calcaric) 26,7
Clay Content Organic C H CEC KNH4 KHNOs3
(%) g.kg? P (cmolckg!) mg/100g mg/100g
Bouira 23,40 7,1 7,41 10,03 21,73 97,04
26,88 89 7,41 11,2 27,18 73,14
Guendoul 13,68 12,9 7,62 9,36 26,7 59,08
13,75 12,5 7,46 9,25 28,53 67,64

Change of the chemical properties of the rhizosphere

The selected physical and chemical properties of the bulk and rhizospheric soils are shown in Table 2. A
significant decrease (p< 0.05) of rhizospheric pH is observed for the two species, at the two studied
stations. Several authors (Hinsinger et al. 2003; Augusto et al. 2002; Ma et al. 2009; Dinesh et al. 2010)
measured a decrease of pH in the rhizosphere of various species of trees. In our case, the decrease
of rhizospheric pH remains limited because of the buffering capacity of calcium carbonates. However, this
light acidification can improve the assimilability of nutrients, such as phosphorus and iron. Rhizospheric
organic carbon increases significantly (p< 0.05) for the two species at the two stations. This is likely due to
the rhizodeposition, and to the many residues colonized by the rhizospheric microorganisms (Bonkowski et
al. 2000).

The rhizospheric soil of the two species and for the two stations was significantly richer (p< 0.05) in Kw and
KHNO3 The increase in the KNH4* was significant (p<0.05) only in the rhizosphere of the fig tree. This
accumulation of K in the vicinity of roots is explained by the mass flow, the exudation of K by the roots
(Smith, 1976), and the release of K by weathering of minerals in the rhizosphere (Turpault et al. 2009). The
accumulation of potassium in the rhizosphere was caused by the prevalence of the release of potassium in
the rhizosphere in the K absorption by roots (Zhu et al. 2006). In a general way, this improvement of the soil
fertility in the vicinity of roots by the rhizospheric processes could explain, partly, the capacity of adaptation
of these two species tonutrient deficient soils. Indeed, 15 showed thatthis enrichment in K of the
rhizospheric soil of the olive-tree made it possible to mitigate the deficiency of potassium of the bulk soil of
olive orchards. We did not determine a significant difference between the rhizospheric effects of each
species on the bulk soil of each station. Although the roots effect of the two species is similar, because its
root biomass is more important, the olive-tree would impact a higher volume of soil at the agro-system level.

Table 2. Some properties of bulk and rhizospheric soil of olive and fig tree of 2 stations

Station Specie Soil pH Organic carbon CEC Kw KNH4* KHNO3-
(gkeg-1) (cmol~kg-1)  (mg/100g) (mg/100g)  (mg/100g)
Olive tree B 7,4 7,13 10,03 2,27 21,73 97
Bouira Rh 73 13,27 11,28 2,46 27,18 123
Fig tree B 7,4 7,93 11,20 2,43 21,67 73,14
Rh 73 15,50 11,30 3,37 28,07 77,30
Olive tree B 7,6 13,00 9,36 3,75 26,83 59,1
Guendoul Rh 75 16,35 10,54 3,93 28,53 62,7
Fig tree B 7,4 10,86 9,25 1,72 29,16 67,6
Rh 74 14,76 11,50 2,62 32,14 76,26
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Does clay soils are modified in vicinity of the root?

The use of the center of gravity position (cg) allowed us to compare numerically X- ray patterns of clays
recovered in bulk and rhizosphere soils of Olea europea L. and Ficus carrica L. Lower cg in the rhizophere of
the olive tree at the two stations which has been studied (Table 3), the shift of peaks of PCI, I/S and S/I in the
rhizosphere of the olive tree of Guendoul toward illite peak position indicate an increase in the content of
‘illite-like layers’ in the vicinity of roots (Figure 2). For Bouira, increase of relative PCI peaks area in the
rhizopheric clays (Table 3) comparatively to clays recovered from the bulk soil of the olive tree confirms an
increase of ‘illite-like layers’ content in the soil root zone. Vermiculite clays present in the bulk soil of the
olive tree of Bouira fixed potassium, which led to the formation of ‘illite-like layer’ and the increase in PCI
and I/S contents in the rhizosphere. These results are in agreement with those of 12 which showed a
significant decrease in the amount of vermiculite in the rhizosphere of forest trees.

Table 3. Relative peak areas of illite peaks, center of gravity position and center of gravity modification following K
saturation (Acg=100*(CgSr-CgK)/CgSr).

Relative PCI Relative Illite Cg position Cg position Cgposition Cg position
Stations Species Soil peakarea (%) peakarea(%) (nm)Sr (°2e) Sr (nm) K (°26) K ACg%
Sr saturated Srsaturated  saturated saturated saturated saturated

Olive tree B 6.9 8.3 1,26 7,01 1,13 7,77 9.8
Guendoul Rh 7.0 8.5 1,25 7,16 1,15 7,68 6.7
Fig tree B 7,9 13,1 1,26 7,03 1,16 7,62 7,4
Rh 5,6 8,5 1,26 7,03 1,15 7,71 8,8
Olive tree B 15.2 20 1,21 7,3 1,15 7,68 4.9
Bouira Rh 22 27.5 1,14 7,68 1,12 7,9 2.8
Fig tree B 20,7 34,2 1,16 7,65 1,13 7,84 2,4
Rh 17,6 31,5 1,18 7,49 1,12 7,92 54
* = cg position = =decomposed X-ray pattern =measured X-ray pattern

. . . 1
1 a Bulk clay Sr saturated Cg=1,26 nm Rhizospheric clay Sr ssg.lrated Cg=1,26 nm
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b Bulk clay K saturated (Cg=1,16 nm Rhizospheric clay K saturated Cg=1,48nm
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4 6 "20CuKa 8 10 4 6 "20CuKa 8 10

Figurel. X-ray patterns, Sr and K saturated, of clay samples recovered from rhizospheric and bulk soils of olive orchard
of Guendoul. C/V, S/1,1/S, PCI and WCI refer to interstratified chlorite/vermiculite, interstratified smectite/illite,
interstratified illite/smectite, poorly crystallized illite and well crystallized illite respectively.
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The X-Rays decomposed patterns Sr-saturated clay fraction of rhizospheric soil of the fig tree, showed a lack
of shift toward illite for Guendoul station (Table 3). For Bouira station (Figure 3), a limited shift of cg, /S
and S/I toward smectite is observed. KCl saturation of clays induced a decrease (in nm) in cg position for the
two fractions of soil and for both species (Table 3) and an increase in PCI, I/S. Acg is lower for the
rhizosphere soil of olive tree compared to bulk soil. This lower increase in ‘illite-like layer’ in the rhizosphere
of the olive tree suggests that clay near the roots were already enriched in illite.

Rhizosphere and bulk soil clays showed an opposite behavior. The rhizosphere clays fixed more potassium
than bulk clays. This is confirmed by the value of Acg of the rhizospheric soil of the fig tree (Table 3). This
different effect of the two species on the clay fraction revealed a significant (p < 0.04) difference in the soil-
specie interaction. The impact of the two species on the clay mineralogy of the rhizosphere would be related
to the root system of the two species.

% = ¢g position — =decomposed X-ray pattern =measured X-ray pattern
a Bulk clay Sr saturated Cg =116 nm Rhizospheric clay Sr saturated Cg=1,18 nm
PCI
&
;
5 Ccv
4 6 °20CuKa 8 10
b Bulk clay K saturated Cg=1.13 nm - Rhizospheric clay K saturated Cg=1,12 nm
o I's PCI ]
: £
: S/ . 2
£ WCI &
: B
= CN =
# T r " T ¥ T T ¥ T ._-I"— T ¥ " ¥ i
4 6 °20CuKo B 10 4 6 *20CuKa 8 10

Figure2. X-ray patterns, Sr and K saturated, of clay samples recovered from rhizospheric and bulk soils of fig orchard of
Bouira. C/V, S/I, 1/S, PCl and WCI refer to interstratified chlorite/vermiculite, interstratified smectite/illite,
interstratified illite/smectite, poorly crystallized illite and well crystallized illite respectively.

Conclusion

Olea europea L. and Ficus carrica L. have, in similar way, modified certain properties of their rhizosphere. An
increase in the soil carbon content, Kw and KHNO3; were measured in the rhizosphere of the two species.
However, we did not observe a significantly different rhizospheric between the two tree species. In spite of
that, the olive tree seems to have a more intense root activity than the fig tree. It is probably due to its higher
root biomass. These results suggest that at the level of the agro-system, olive trees impact a larger volume of
soil than fig trees. The results concerning the impact of the root of these two species on the mineralogy of
the clay fraction show that the activity of the root of the olive tree enhance the storage of potassium
in clays of the rhizosphere compared to that of the fig tree.
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