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Introduction

Soils and landforms have a strong relationship and archive evidence of climatic and environmental changes.
Alluvial fans are one of the most important landforms in arid and semi-arid regions of Iran. Climate changes in
the Quaternary, especially in the late Pleistocene, had a significant effect on the evolutions of alluvial fans in arid
and semi-arid regions. Alternate of sedimentation and soil formation in alluvial are the consequences of periodic
climate change. Organisms are one of the main factors of soil formation. Biological crusts are part of organisms
that are abundant in dry lands and especially in alluvial fans; however, their role in soil formation has been less
studied. Biological soil crusts by providing the suitable biological activity, effect on trapping of aeoilian materials
and hydrological processes affect the soil formation processes. The chemical properties of the soil affect the
catabolic capacity of the soil and it is very different among the different layers of the soil. However, few studies
have addressed the effect of processes on soil microbial respiration during change and evolution and pedogenic
state. The objectives of this research were to 1) investigate the evolution of soils along the gradient from upstream
to downstream of the alluvial fan and 2) investigate the changes in microbial respiration in different layers of soil
and the factors affecting it.

Materials and Methods

The studied area is an alluvial fan in Razavi Khorasan province, in the southern slopes of the Binaloud
mountain range. The climate of the region is semi-arid and the soil moisture and temperature regimes are Aridic
border on Xeric and mesic, respectively. Three soil profile in the upper, middle, and base part of the alluvial fan
were described. Bulk and undisturbed soil samples were collected from various soil horizons for subsequent
physical, chemical, and micromorphological analyses. In addition, the microbial soil respiration was measured in
all horizons. The soils were classified according to Soil Taxonomy and World Reference Base methods.

Results and Discussion

Sequences of sedimentation and soil formation were observed in the soil profiles. Vesicular (V), argillic (Bt),
argillic-calcic (Btk), calcic (BCk) and cambic (Bw) horizons were the diagnostic soil horizons of the studied soils.
Soil profiles of the middle and base were Xeric Calciargids in the subgroup category of Soil Taxonomy; while soil
profile of the apex soil was Xeric Haplocambids. In the profiles, a thin vesicular horizon (V) was formed under
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the desert pavement. Below the vesicular horizon, evidence of clay illuviation, pedogenic carbonate nodules, and
calcium oxalates in roots were observed in thin sections. This evidence shows the role of biological crusts in the
formation of these features. In the lower horizons of the profiles, pedogenic carbonate nodules, carbonates
pendants and clay coatings were observed. It seems that the upper soil (vesicular and underlying Bt horizons) were
developed in the more humid periods of the Holocene, and biological crusts also played a key role in the processes
of calcification and clay illuviation. The argillic horizons in the lower layers were formed during the stable periods
of the late Pleistocene. The irregular microbial respiration mainly indicated difference in microbial activities labile
organic matter content. The argillic horizons had the lowest microbial respiration, due to decomposition of organic
materials during soil formation. In contrast, soil respiration was the highest in surface and calcic horizons. It seems
that preservation of organic materials by carbonate complication. However, it is suggested to investigate the carbon
fractions in relation to microbial biomass in the studied horizons.

Conclusion

In this area, biological crusts and vegetation affected the formation of soil in the aeolian sediments of the Vk
and AVKk horizons and played a significant role in creating the Bt horizon in profiles 2 and 3. The study of landform
profiles showed the formation of calcic and argillic horizons in the past climate, while the Bt horizon of the upper
layers was formed in the current Holocene period. This form of the argillic horizon is slightly different from the
soils of the Iranian region because these horizons have not been reported so far. It has been proven that there were
humid periods in the Holocene, and it needs more studies at present. The study of soil microbial respiration in
landform horizons showed that argillic horizons decreased the amount of microbial respiration, while it increased
in classical horizons.
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Table 1- Some field and morphological characteristics of the studied profile

" S, s, Olalad
s (em) s ogbpe (1) S b plle S 5599890 9 Olaerd
Horizon Dry Wet Coarse Texture  Structure* Aggregations and soil morphology
Depth color color fragments
Profile I Y o,lols & 515
Vk 0-4 10YR6/4  10YR5/4 15 cl 1vnpl Low biological crusts, biogenic carbonate
Bw 4-20 10YR6/4  10YR4/4 15 cl 2 vf shk Iron oxide matrix, low clay coating
2Bw1 2050  10YR6/4 10YR4/4 18 ¢l 2 vf abk Low Carbonate nodule, low clay coating,
free iron oxide
2Bw2 50-67 10YR6/4  10YR4/4 18 | 2 vf sbk Iron oxide nodule, low clay coating
3Btkb 67-90 75YR6/4  7.5YR4/4 52 scl 3 fsbk Clay coating, iron oxide, carbonate nodule
4BCkb 90-130 10YR6/4  10YR5/4 55 scl 1 vf sbk Carbonates pendants
Profile Il Y o lows & S5
Vk 0-2 10YR6/3  10YR4/3 20 | 3n, tnpl Biological crusts, biogenic carbonate
Bt 2-12 7.5YR5/4  7.5YR4/4 10 cl 3 fabk Iron oxide matrix, clay coating, red color
2BCk1 12-60 10YR6/4  10YR5/4 80 cl 1 f abk Carbonates pendants
2BCk2 60-100 10YR6/3  10YR4/3 80 cl 1 vf, fabk Carbonates pendants
3Ck 100-130  10YR7/3  10YR5/4 80 cl 0 sgr Carbonates pendants
Profile I ¥ olowd & S5
AVK 0-5 10YR5/4  10YR4/A 10 | 3vn, tn pl Biological crustségillogoelryrc carbonate, dark
Bt 5-25 75YR5/4  75YR4/4 20 | 2 vf, f abk Iron oxide matrix, clay coating
2BCk 25-90 10YR6/3  10YR4/3 78 scl 1 f sbk Carbonates pendants
3Bk 90-115 10YR6/4  10YR4/4 75 scl 1 vf sbk Carbonates pendants, sandy texture
4Bt 115-130  7.5YR5/4  7.5YR4/4 10 | o el LRI CEIITED G by Cozithi,

red color
* Abbreviations used to describe soil texture and structure are based on the guidelines of the soil description and sampling book
(Schoeneberger et al., 2012).
cl: Clay loam, I: Loam, scl: Sandy clay loam, 0: Structureless, 1: Weak, 2: Moderate, 3: Strong, f: Fine, t: Thin, vf: Very fine, vn:
Very thin, abk: Angular blocky, sbk: Subangular blocky, pl: Platy, sgr: Single grain.

axdllan 290 SWE S LGSl (bowd 9 Sy b GBS hg (B0 T Joo
Table 2- Some physical and chemical characteristics of the studied profile

G o - o Jalro &Ly )S" paneds () 29,5 ‘e
&8l (cm) ] . 1 EC (%) S U"’s microbial ) &
; Depth (%) (%) (%) pH  (dsim) o Organic respiration
Horizon ep : calcium carbonate carbon Gypsum
Clay Silt Sand equivalent (mg/kg*day)
Profile I Y o)l & S5
Vk 0-4 315 34.1 34.4 8.25 0.34 23.75 0.25 51.33 1.26
Bw 4-20 28.3 36.5 35.2 8.48 0.26 18.25 0.29 15.89 1.39
2Bw1 20-50 27.7 28.9 43.4 8.27 0.43 22.75 0.12 63.56 1.68
2Bw2 50-67 25.7 28.9 45.4 8.42 0.22 22.00 0.10 40.33 1.30
3Btkb 67-90 28.3 26.3 45.4 8.49 0.21 24.88 0.10 23.22 1.16
4BCkb 90-130 23.3 21.3 55.4 8.38 0.20 30.63 0.12 72.11 117
Profile Il ¥ o Lo &S5
Vk 0-2 21.7 379 40.4 8.16 0.41 20.38 0.62 105.11 1.42
Bt 2-12 36.3 29.3 34.4 8.78 0.37 19.00 0.14 50.11 2.02
2BCk1 12-60 36.7 29.9 334 8.90 0.34 25.38 0.14 56.22 171
2BCk2 60-100 31.3 27.3 41.4 9.14 0.39 29.75 0.04 20.78 1.31
3Ck 100-130  35.3 29.3 354 9.01 0.39 29.00 0.04 31.78 1.64
Profile 111 ¥ o,lous &,5

AVk 0-5 22.9 42.7 34.4 8.09 0.45 16.63 0.82 45.22 1.30
Bt 5-25 27.5 37.3 35.2 7.64 0.26 16.20 0.43 44.00 143
2BCk 25-90 25.3 27.3 47.4 8.40 0.21 22.75 0.14 14.67 1.03
3Bk 90-115 20.7 18.3 61.0 8.74 0.27 28.63 0.10 77.00 131

4Bt 115-130  19.7 39.3 41.0 8.65 0.29 24.13 0.00 18.33 1.53
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Figure 3- a) Desert varnish rocks on the soil surface (prefix Yermic in the WRB), b) biogenic calcium carbonate in the surface

soil horizon, c) formation of carbonates under the pebbles in the BCk, Bk, and Ck horizons, d) nodule and carbonates
accumulation in the Btk horizon of profile
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(BSR: microbial respiration, SOC: organic carbon, CF: coarse fragments, CCE: calcium carbonate equivalent; profile numbers are
displayed with Latin numbering, for example: 11_Vk corresponds to profile number 2)
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Figure 6- a) vesicular structure in the Vk and AVk horizons, b) moss biological crust on the surface of the profiles, c)
formation of calcium oxalate in the roots and carbonate nodules in the Vk and AVk horizons, d) formation of carbonate and
calcite nodules in the Vk horizon of profile 1, ) iron oxide matrix and formation of clay coating around the void in the Bt
horizon of profile 2, f) porphyric background, orthic carbonate nodule, iron oxide nodules in the matrix in the BCk horizon,

g) dense and porphyric background, clay coating formation on the quartz grain and iron oxide nodule formation in the 2Bw

horizon of profile 1, h) carbonate nodule, saturation of the background with iron oxide and clay coating, micritic limestone

cover and nodules by a thin clay coating in the Btkb horizon, profile 1, i) dense background and saturation of clay coating in
the horizon Bt profile 3
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Table 3- Classification of soils of the studied area

Gaeaidb aibolw
S S y9099 5 CunBgo 25 ol Sl gauaib sblw
Profile Geomorphic location Classification of Soil Classification of World Reference Base
Taxonomy

The apex of the alluvial fan, OId structure
of sediments
AiS8lbg e Sle sy
1 Sliguy ailo Jlis L
The middle of the alluvial fan, Middle
structure of sediments
WSl g 3o oaeld iy
i Slgw) > sl
The base of the alluvial fan, New
structure of sediments

Xeric Haplocambids

Xeric Calciargids
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Figure 7- Schematic representation of the changes in the amounts of calcium carbonate equivalent, coarse fragments, sand,
and clay in the depth of the soil and the sequence of horizons along the gradient of the alluvial fan
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