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Table 1- Some physiochemical properties of soils at different distances from root surface

31 Al salold (W She
Ay
A B ¢ Mean values of OC at
different distances from
root
oC
AQropyron (94,31 3.477 2.457 0.791 2.242
Astragalus 55 4.052 2.976 0.728 2.585
Festuca S'gué 3.818 1.847 0.869 2.178
Phlomis el 1.707 1.173 0.730 1.203
Tanacetum gl 4.160 2.445 0.858 2.488
aold 2 53 ) (ke
Mean values of OC 3.443 2.180 0.795 CVv=0.56
for a given distance
pH
AQropyron  :ys.s,31 6.54 7.16 7.66 712
Astragalus 55 6.76 7.38 7.63 7.26
Festuca 15 gué 6.80 7.14 7.37 7.10
Phlomis el 7.05 7.21 7.44 7.23
Tanacetum gl 7.11 7.28 7.57 7.32
Aols o > PH (Sl
Mean values of pH for 6.85 7.23 7.53 CV=0.05
a given distance
oS @iy S CCE %°
AQropyron 94,31 2.36 2.83 6.73 3.976948
Astragalus 55 2.98 3.69 7.66 4.775859
Festuca 1S gué 2.99 3.99 7.74 4.907252
Phlomis el 3.21 4.15 6.80 4.721441
ok 2.54 5.67 8.81 5.67154
Tanacetum
253 eSOl yS (ke
adobé 2.82 4.07 7.55 CV=0.48

Mean values of CCE
for a given distance

CCE: Cabonate Calcium Equivalent
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1- Particulate Organic Matter
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Table 2- Changes of soil texture components at different distances from root surface

A B C
092955
Clay % s, 15.8 155 156
Silt % el 30.5 30.7 30.8
Sand % (5 53.7 53.8 53.6
oF
Clay % ., 15.4 15.4 15.2
Silt % el 30.6 31.8 30.9
Sand % . 54.0 52.8 53.8
5 g
Clay % ., 16.2 15.7 15.5
Silt % el 30.7 31.0 31.6
Sand % . 53.1 53.3 52.9
Clay % ., 15.3 15.3 15.2
Silt % el 29.6 30.8 29.9
Sand % (5 55.0 53.9 54.9
wgl
Clay % ., 15.8 15.7 15.7
Silt % el 30.1 30.8 29.8
Sand % . 54.1 53.5 54.5
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Table 3- Changes in aggregate size at different distances from root surface

Ay g o 31 liseo sralold glalass o510 (Sl
A B C Mean values of aggregate size in aggregates at
different distances from root

>2mm
Agropyron g, 0.206 0.209 0.388 0.268
Astragalus 55 0.219 0.308 0.371 0.299
Festuca ISy 0.225 0.277 0.368 0.290
Phlomis gl 0.214 0.416 0.456 0.362
Tanacetum gl 0.215 0.400 0.466 0.360

dols o 3 kS (Gl ojlul Sile 0.322
Mean values of aggregate size for a given 0.216 B AB 0.410 A
distance from root

0.5-2 —mm
AQropyron 5,51 0.249 0.187 0.362 0.266
Astragalus 55 0.170 0.274 0.240 0.228
Festuca (5. 0.261 0.124 0.327 0.238
Phlomis j..e4l 0.280 0.278 0.175 0.244
Tanacetum 440 0.132 0.186 0.135 0.151

alols PN ()L“L.S d\ddlAfB o)'L\Sl wi)lm
Mean values of aggregate size for agiven ~ 0.219 0.210 0.248
distance from root

mmo0.15-0.5
AQropyron :ys,u )51 0.270 0.316 0.154 0.247
Astragalus 55 0.241 0.196 0.170 0.202
Festuca S'gu.d 0.280 0.236 0.193 0.236
Phlomis j..e4l 0.244 0.174 0.230 0.216
Tanacetum 4l 0.191 0.186 0.185 0.187

ol 5 LS (S o)Ll 5 Solee
Mean values of aggregate size for a given ~ 0.245 0.222 0.186
distance from root

<mmo0.15
AQropyron :ysms,3! O{'j)is 052(;?17 0.103 e 0.244
Astragalus 55 O.:EZ 0&%}2 0&%%39 0.287
Festuca S'gius 05%:?14 Oéii?’ Oé%jio 0.272
PhIOMIS _yugosls 040 0452 0439 0.224
Tanacetum gl 0.463 a O'Ciig 0[)%7 0.323

ol o 3 LS IS ol ySile
Mean values of aggregate size for agiven ~ 0.384 0.246 0.179
distance from root

MWD O 3 il slaashiss jad 539 onSole

AQropyron 5,31 0.957 0.987 1.672 1.205
Astragalus 55 0.825 1.348 1.484 1.219
Festuca guus 0.934 1.091 1.340 1.122
Phlomis el 0.983 1.663 1.673 1.440
Tanacetum «gb 1.575 1.509 1.642 1.575
Aol oy bls lalSls s ojlul ySike
Mean values of MWD for a given 1055A 1.320B 1.562C

distance from root

bl ol (P<O.05) jlolime MBS gl (gt yo )3 S yidiie g y> |y ol
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Table 4- Changes in Organic Carbon of aggregate at different distances from root surface

SIS S (08 (ke

@a.w )" liseo dl.hdlw\é
A B C L

Mean values of OC in

aggregates at different
distances from root

ocC
Agropyron (9,053 3.477 2.457 0.791 2.242
Astragalus 5 4.052 2.976 0.728 2.585
Festuca 5'gub 3.818 1.847 0.869 2.178
Phlomis sl 1.707 1.173 0.730 1.203
Tanacetum gl 4.160 2.445 0.858 2.488
ool (ol wliss ()8 SSle
adold 2 0 3443 2.180 0.795

Mean values of OC for a
given distance from root

>2mm
AQropyron 9,531 0.457 0.458 0.520 0.478
Astragalus 55 0.633 1.013 0.289 0.645
Festuca g 0.624 0.435 0.409 0.489
Phlomis sl 0.324 0.609 0.363 0.432
Tanacetum gl 0.775 0.861 0.717 0.785
2 ol Galss S Sk
Aot o 0.563 0.675 0.460

Mean values of OC for a
given distance from root

0.5-2—mm
Agropyron 9.1 0.433 0.418 0.457 0.436
Astragalus 55 0.334 0.919 0.111 0.455
Festuca 'guué 0.843 0.179 0.575 0.532
Phlomis  yu.esls 0.123 0.315 0434 0.291
Tanacetum gl 0.370 0.486 0.123 0.327
2 oblS GlalS s S HSile
Aot o 0.421 0.463 0.340

Mean values of OC for a
given distance from root

0.15-0.5 mm
Agropyron g5, 0.960 0.848 0.254 0.687
Astragalus 55 0.899 0.635 0.252 0.596
Festuca ('guué 0.942 0.285 0.449 0.559
Phlomis sl 0.251 0.287 0.402 0.313
Tanacetum gl 0.757 0.481 0.110 0.449

2 bl alss S Sk
Aot o 0.762 A 0.507 B 0.293B

Mean values of OC for a
given distance from root

<mma0.15
Agropyron (4,053 1.164 bcde 1.071 bede 0.077 g 0.771
Astragalus 5 1.558 ab 0.591 efg 0.173 fg 0.774
Festuca IS guué 1.360 bc 0.806 cdef 0.147 g 0.771
Phlomis _juesls 1.232 bed 0.113¢g 0.312 fg 0.552
Tanacetum gl 2.057a 0.666 defg 0.428 fg 1.050
3 ObLS LalsSE 8 Sl
Lot o 1.474 0.649 0.228

Mean values of OC for a
given distance from root

b 0 (P<0.05) jblime M) (glyls ygiw s > S giie Cigys b lie]
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Table 5- ANOVA table of measured soil properties at different distances from root surface

e S T pr>f
Parameters df Mean square

> mm?2

Plant L3 0.01623458 0.60 0.6663
Distance alol 0.12811462 4.73 0.0170*
Plant*Distance alob % L5 0.00611895 0.23 0.9830
Error s 28 0.75875255

0.5-2 —mm

Plant oLs 0.01668471 0.76 0.5632
Distance alols 0.00590366 0.27 0.7675
Plant*Distance alob = oLS 0.01758587 0.80 0.6110
Error s 28 0.61875119

mm0.15-0.5

Plant L3 0.00517356 0.80 0.5356
Distance alol 0.01191025 1.84 0.1773
Plant*Distance alob % olS 0.00539376 0.83 0.5808
Error s 28 0.18112596

<mma0.15

Plant L3 0.01215471 1.70 0.1779
Distance alol 0.15292778 21.39 <.0001**
Plant*Distance alob = olS 0.01735161 243 0.0393*
Error s 28 0.20015157

MWD o 3 Il SailaSls i (i cuile

Plant L3 0.24221914 2.23 0.0926
Distance alol 0.77403805 7.12  0.0033**
Plant*Distance alols # oL3 0.09968361 0.92 0.5180
Error s 27 2.93606980
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ol Gl Sl oS (o
Parameters df Mean square

SIS

Total OC

Plant L3 4 2.71859992 38.19 <.0001**
Distance alol 2 26.30339107 369.54 <.0001**

Plant*Distance alol = oLS 0.87697856 12.32 <.0001**
Error s 30 2.13535674

(o]

>yYmm S oS
OC in>2 mm

Plant L3 4 0.18466767 0.92 0.4656
Distance alol 2 0.15952427 0.80 0.4613
Plant*Distance alol s olS 8 0.08736143 0.44 0.8893
Error s 27 5.61425996

sfo—ymm , J1cnsS

OCin0.5-2 mm

Plant L3 4 0.08296926 0.53 0.7155
Distance alol 2 0.04419641 0.28 0.7568
Plant*Distance alol # oL3 8 0.19482408 1.24 0.3152
Error s 26 4.07901989

+/y0 —+fomm y» JI S
OC in 0.15-0.5 mm

Plant ols 4 0.18452688 1.75 0.1668
Distance alob 2 0.78763071 7.48  0.0025**
Plant*Distance alob # oL3 8 0.15014250 1.43 0.2296
Error U3 28 2.94978776

< «/yomm ;5 JI oS
OCin<0.15mm

Plant L3 4 0.28096740 2.71 0.0511
Distance alol 2 5.39411232 52.02 <.0001**
Plant*Distance alol % ol3 8 0.25279155 2.44 0.0397*
Error s 27 2.79946359

Ol > Joloo sy 43 ()8
C in Water soluble pool
Plant oLs 4 3.41563509 17.36  <.0001**

Distance alol 2 27.89228030  141.79 <.0001**
Plant*Distance alol # LS 8 1.44702457 7.36  <.0001**
Error s 30 5.90163940

v pad B (WS 53 S

C in Labile pool

Plant L3 4 4.3274740 1991 <.0001**
Distance alol 2 57.4307860  264.21 <.0001**
Plant*Distance alols # oL3 8 1.5482818 7.12  <.0001**
Error s 30 6.5210268

a3 & olie (yiS 45 (S

C in Recalcitrant pool

Plant L5 4 8.25757403 2261 <.0001**
Distance alols 39.98987988  109.50 <.0001**
Plant*Distance alob = oLS 457645188 1253 <.0001**

Error s 30 10.9558495

o N
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Figure 1- Changes in organic carbon in biochemical C pools at different distances from root surface
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Introduction: Soil organic carbon (SOC) is released from decomposition of plant residues, while root secretion
products in rhizosphere are also a substantial source of SOC input to soil. Binding SOC to clay minerals leads to
increase aggregate stability and protects organic carbon against microorganisms. Organo-mineral complexes have
important role in decreasing organic carbon decomposition. Assessment of organic carbon, particle Size and
biochemical fractionation is an appropriate approach to investigate organic carbon dynamics and durability against
microorganisms in rhizosphere as a hot spot of activity.

Materials and Methods: This study area located in a semi-arid rangeland with main plants species including five
perennial rangeland species: crested wheat grass (Agropyroncristatum), astragalus (Astragalusverus), sheep fescue
(Festucaovina), phlomis (Phlomisoliveri), feverfew (Tanacetumparthenium). Whole soil surrounding plant roots with
all roots was taken for each plant. Three samples with different distances from root surface were taken by applying this
procedure: sample A: The soil which is adhered to the root surface and separates quickly from roots after drying,
sample B: The soil in root zone, which is not stuck and almost is so close to roots, sample C: The soil which is wholly
far from root area and apparently not affected by the roots. Intact samples removed from ground and transferred quickly
to laboratory to separate roots and soils with different distances from root surface by drying the root system before
shaking. Particle size fractionation was done by wet sieving of aggregates and SOC in different aggregate sizes and was
measured by wet combustion method. Biochemical fractionation of SOC was performed by acid hydrolysis method to
study organic carbon stability at different distances from root surface.

Results and Discussion: ANOVA results showed the significant effects of plants and distance from root surface
on aggregate size classes. The results showed the increasing amounts of microaggregates at root vicinities compare to
macroaggregates. By increasing distance from root surface, the >2 mm aggregates increased, but, the amount of <0.15
mm aggregates decreased significantly. Towards root surface from C to A locations, the mean weight diameter (MWD)
of soil aggregates decreased due to decreasing macro-aggregates at root vicinity. By the way, SOC increased
approaching to root surface due to root exudates and rhizodeposits. The highest and lowest SOC content were found in
the A location of Feverfew and the C location of Astragalus (4.16 and 0.82%), respectively. The OC contents in root
vicinity were higher than other locations due to high root exudates and rhizodeposits which had C-containing
molecules. Soil OC contents had significant correlation with measured soil parameters. The highest SOC content was
found in micro-aggregate and in vicinity of roots. Low-decomposed OC, which have crucial role in linking
microaggregates to make macroaggregates, led to high OC contents in macroaggregates. Soil OC biochemical
fractionation demonstrated the higher OC contents in recalcitrant pool at further distances from root surface, while by
going toward root vicinity the amounts of OC in water soluble and labile pool increased. In average for A locations,
66% of total OC was measured as water soluble fraction, while for C location, the average fraction of labile and
recalcitrant pools from total OC were found 62.5% and 50%, respectively. As the root exudates have fresh OC such as
carbohydrates and sugars, the concentration of OC in water soluble and labile pools were so high at root vicinity. Also,
OC in labile and water soluble pools had high correlation coefficient and, contributed to high fractions of total OC in
root vicinity. Whilst C in recalcitrant pool were found higher in further distances from root surface, because activities of
microorganisms and the fresh OC were decreased toward bulk soil.

Conclusion: This study investigated the effect of root activities of five perennial rangeland plants on the particle
size and biochemical fractionation of soil OC at different distances from root surface. In root vicinity due to addition of
fresh OC from roots to soil and more microorganisms’ activities, mineral particles were aggregated to micro-aggregates
which contained a large fraction of soluble and labile Soil OC. However recalcitrant OC were dominated in macro-
aggregates far from root surface. Rangeland plants with various root systems and characteristics had strong impact on
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particle size and biochemical fractionation of soil OC which, needs to investigate more. Durability of biochemical C
pools have important role in carbon dynamic and stability in soil.
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