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Abstract: Problem statement: Land use practice leads to changes in the physiemical properties

of soils, such as Soil Organic Carbon (SOC), Calanhange Capacity (CEC) and Soil Aggregate
Stability (SAS) that cause soil erosioApproach: Merek catchment, Iran suffers from land
degradation due to poor land use practice. A stualy carried out with the objectives: (i) to detereni
soil nutrient status in different agro-ecologicaines in Merek catchment; and (ii) to evaluate the
influence of land use practices on SOC, CEC and. #&8llts: It was found that soil texture was silty
and clay, while soil reaction was alkaline (pH wag5). The respective amount of carbonates was 32
and 36% in the top-soil and sub-soil respectivilgiicating high level of alkalinity in the soils tifie
study area. Thenean SAS of the surface soil layer for agricultuamgeland and forest was 53, 61 and
64%, respectively with its mean in the topsoil dfieulture is significantly lower (£0.05) than the
other zones. SOC level in the agriculture, rangklamd forest were 1.35, 1.56, 2.14 % in the topsoil
and 1.03, 1.33 and 1.45%, in the subsoil of th@eaetive areas. The results of t-test and ANOVA
analyses showed that SOC means are significantfigreint from each other within soil depth and
among agro-ecological zones. The CEC in the aduimil rangeland and forest areas were 25.8, 24.6
and 35.1 cmekg ™ for the top-soil and 31.1, 26.8 and 26.9 ckgt® in the sub-soil, respectively. All
the above changes are due to the negative effécagracultural activities.Conclusion: Improper
tillage practice (up-down the slope), conversiontted rangeland and forest to rain-fed areas, crop
residue burning, over grazing and forest clearatwaribute to reduction in SOC and SAS in the
Merek catchment, Iran.

Key words. Aggregate stability, improper tillage, forest ckmace, soil carbonate, Soil Organic
Carbon (SOC), Soil Aggregate Stability (SAS), Catiexchange Capacity (CEC), Agro-
Ecological Zone (AEZ), Global Positioning SystenP®), improper agricultural

INTRODUCTION areas or industrial sites resulting in reduction of
agriculture areas and drastic changes in land use
Land use practices and land use shifting leadito s causing severe land degradation in the upper
erosion, leading to negative changes in the sgisigh-  catchments (Hashim and Abdullah, 2005).
chemical properties, especially Soil Aggregate fBtab Agricultural activities such as up-down tillagesth
(SAS), Soil Organic Carbon (SOC) and Cationslope, continued cultivation and crop residue mgni
Exchange Capacity (CEC). By and large, land useontribute to damaging soil properties. Agricultura
change is more frequent in the highlands due tdiill-slope areas are more susceptible to loss df so
population pressure, government policy, marketutrients, especially SOC through run-off and sever
demand, climate change and urbanization (Valegtin erosion (Karlen et al., 2008). Furthermore, the
al., 2008). These processes occur in most parts afonversion of upland permanent crops to annualscrop
Zagros Mountains in Iran. For example, agriculturalgreatly increases runoff and sediment yields at the
lands in several villages have been converted barur catchment scale (Valentat al., 2008). These problems
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are more severe in the semi-arid area of Iran; rabst chemical properties. The study of Mastal. (2006) in
the nutrient depletion occurs due to improper ddla India showed that application of animal manure
practice and crop residue burning. According to thamproved significantly soil bulk density, water
report by Rosaet al. (2000), high erosion intensity in retention, SOc, crop yield and consequently farmers
these areas (up to 50 Mg "ha™) causes 48% income.
reduction in crop productivity due to decline in GO It was estimated that only crop residue burning
soil nutrients and fine soil particles. had resulted in 259 and 10 Gg of SOC and,NO
SOC, as the primary source of plant nutrientgispéa~ €mission in Iran (Environment organization of Iran,
major role in nutrient cycling and is positivelyradated ~ 2003). Incorporation of crop residues into the ssil
with soil nutrients, water holding capacity, infiion the best way to increase the stable soil organitema
capacity, aggregate formation and soil health @tadl., for improving crop yield and mitigation of GO
1998; He et al., 2007; Ruffino and Zanetti 2009). emission. In general, it has been estimated that an
Declines in SOC result in both the on-site andsié- annual return of 5 ton Faof crop residues could
impacts of land degradation because of its muticfions. ~ keep soils in equilibrium with present levels ofilso
Aggregate stability in the surface soil of a slgpiand is ~ organic matter in the semi-arid region of Spaing&o
an important predictor of run-off, sediment andboar €t al., 2009). The investigation of Gomea al.
loss through water erosion. It mainly depends orCcSO (2009) on the olive groves of Spain showed that
which is influenced by land use practices. cover crop was a simple and feasible measure.
The study of Aret al. (2010) on a re-vegetated soil Conservation on sloping lands when most of the soil
in the Loess Plateau, China showed that an incrigase is unprotected by the small plant canopy resulted i
SOC resulted in high C:N ratio and subsequentlydrap higher increase of SOC and infiltration rate
turnover of soil organic matter in the top-soil amdo ~ compared to conventional tillage practice that
increase in soil aggregate stability. Reductiorbath ~ induced soil degradation. This study was carriatl o
SAS and SOC results in soil erosion hazards. The so With the objectives: (i) to determine soil nutrient
with the highest erodibility are those with weak Status in different agro-ecological zones in Merek
aggregate stab”ity which can be eas“y detached ancatchment and (II) to evaluate the influence ofdlan
transported by raindrop forces and overland flowuse practices on SOC, CEC and SAS.
(Hazelton and Murphy, 2007). Low SAS causes soil
sealing, crusting and increases run-off coefficiant MATERIALSAND METHODS
consequently increases erosion hazard. The cotitnibu
of coarse soil aggregate (>0.05 mm) in adsorptibn oDescription of the study area: This study was
SOC is more than micro aggregates (<0.05 mm), whileonducted at the Merek catchment, located aboutr85
it is damaged by improper agriculture activitiescfsas southeast of Kermanshah, Iran. It is at the upper
heavy tillage practices, burning of crop residue),catchment in the Zagros Mountain chains (westar)ir
grazing and forest clearance. Furthermore, theseoar (Fig. 1). Merek catchment has an area of 23,00thia
soil aggregate is reduced mainly by long-termlie between 34° 00' 38” to 34° 09'31” N and 47° 2&’
conventional tillage practices. The study of Li &ahg to 47° 22' 18" E. The mean annual precipitation and
(2010) on a silty clay loam soil in China reveatedt  temperature are 481 mm and 17.7°C, respectively
long-term (33 years) practices of this tillage tesliin  indicating a semi-arid region. Total area of the
reduction of 22% in coarse aggregates and increfse agriculture, rangeland and forest are 14810, 6632
34% in fine aggregates. This study also showed thaand11596 ha, respectively. Winter wheat, barley,
converting cropland to the forest and orchard ecbdn chickpea, sugar beet and maize are the crops grown,
coarse aggregates by 10% which subsequentlwhereas sheep rearing is the main livestock. This
enhanced SOC and N in the soils. catchment also suffers from significant land
Reduction of SOC and consequently increasing thelegradation problem due to improper tillage prasic
soil erodibility is also related to crop residuering.  crop residue burning, over grazing, early grazing a
This phenomenon increased during recent years iforest clearance.
agricultural lands of semi-arid regions, especially
Iran mainly due to continued cultivation withoutléav ~ Agro-ecological zoning: An Agro-Ecological Zone
period. It reduces SOC in the topsoil and increhge (AEZ) is a land resource mapping unit that referthe
loss of P and K because of increased run-off (Betto division of an area into similar units, which hasmmilar
al., 2007). Some farmers even attempt to burn th€haracteristic related to land suitability, potahti
animal manure which can enhance soil physicoproduction and environmental impacts (FA@9G).
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Merek Catchment

Fig. 1: A map showing the location of the Merekctament
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Fig. 2: Agro-ecological distribution in the Meretchment

The agro-ecological zonation of the study area waspecific characteristics of geology, topographgdlase
mapped for agriculture, rangeland and forest based and erosion feature for management practices aihd so
main characteristics of land use and geomorphadbgic conservation measures at the catchment scale.idn th
properties, using satellite image (Land-sat EYMnd  study, the geomorphologic facies map (Fig. 3) was
topography map. Satellite image was geo-referencedrepared by overlapping the maps of geology,
and geo-rectified to UTM coordinates (UTM zone 38-topography (slope steepness, slope aspect and
northern hemisphere; WGS 84) using ground controtlevation), erosion features and land use using GIS
points collection (Fig. 2). (llwis version 3.5). The geomorphological facieshin

the agro-ecological zones are indicated by Ai, i &i
Geomor phological facies map: The geomorphological (first column of Table 1) for agriculture, rangedaand
facies is a homogenous area in the catchment witforest, respectively.
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Table 1: Geomorphological facies within the agrolegical zones in the Merek catchment

Geology Topographic Area
Facies Erosion e
Code Era (%) Period Formation Slope (%) Aspect tdéde (m) Feature Land use Ha (%)
Al Ce Qt Qtc 5-10 P 1420-1600 Rill erosion Rainfedeal 175.54 0.76
A2 Me Cr Gu 10-20 S 1600-1800 Rill-landslide Rathteereal 1054.22 4.58
A3 Ce Qt otl 5-10 P 1600-1800 Rill erosion Rainfeceal 531.70 2.34
A4 Me Cr Gu 5-10 P 1420-1600 Gully Cereal 884.75 843
A5 Ce Qt Otc 0-5 P 1420-1600 Rill erosion Cereal 497.14 6.50
A6 Ce Qt Otc 0-5 P 1420-1600 Gully Mainly irrigateobs  2196.36 10.40
A7 Ce Qt Ootl 0-5 P 1420-1600 Inter-rill-Gully Ireite cereal 1587.18 6.90
A8 Ce Qt Otf 5-10 N 1420-1600 Gully Rainfed cereal 491.22 2.13
A9 Ce Qt otl 5-10 N 1420-1600 Gully Rainfed cereal 925.13 4.02
Al0 Ce Qt otl 5-10 N 1420-1600 Gully Rainfed cereal 491.32 2.13
All Ce Ter Ka 10-20 N 1600-1800 Gully Rainfed ckrea 406.77 1.76
Al2 Ce Qt otl 5-10 N 1600-1800 Gully Rainfed cereal 662.13 2.87
Al13 Ce Qt Qtf 10-20 S 1600-1800 Inter-rill-Gully MYy irrigated crops 267.64 1.16
Al4 Ce Qt Qtf 0-5 P 1420-1600 Inter-rill-Rill Raetf cereal 437.88 1.90
Al5 Me Cr Gu 10-20 S 1420-1600 Gully Rainfed cereal 556.54 241
Al6 Ce Qt Ot 0-5 P 1600-1800 Inter-rill-gully Rasdfcereal 496.72 2.16
Al7 Ce Qt Otc 5-10 N 1600-1800 Gully Rainfed cereal 547.16 2.37
Al8 Ce Qt Ot 0-5 P 1600-1800 Gully Irrigated + fadh 601.56 2.61
A19 Me Cr Gu 10-20 N 1600-1800 Inter-rill-gully igated crops 208.75 0.90
A20 Me Cr Il 10-20 S 1600-1800 Inter-rill-rill Réfed cereal 251.25 1.09
A21 Ce Qt otl 10-20 S 1600-1800 Inter-rill-rill Ré&ed cereal 242.80 1.05
A22 Ce Qt otl 5-10 S 1800-2000 Sheet Rainfed cereal 296.24 1.28
R1 Me Cr Il 20-40 S 1800-2000 Snowing grazing 186.1 0.68
R2 Me Cr Sa >40 S 1800-2000 Snowing grazing 136.600.60
R3 Me Cr I 10-20 S 1600-1800 Rill-Inter-rill gragj 341.53 1.48
R4 Me Cr Sa >40 S 1800-2000 Snowing grazing 361.081.57
R5 Me Cr Gu 10-20 S 1500-1600 Rill-sheet Grazing 0.53 1.47
R6 Me Cr I 20-40 S 1800-2000 Snow Grazing 118.10 .520
R7 Me Cr Sa >40 S 2400-2600 Snow wild live 634.33 .752
R8 Me Cr I 20-40 S 1800-2000 Sheet-Inter-rill grag 361.08 157
R9 Me Cr Il 20-40 S 2000-2200 Sheet-rill grazing 7.2 N 1.95
R10 Me Cr Sa >40 S >2400 Snow wild live 224.46 0.97
R11  Me Cr I >40 S 2000-2200 Sheet-Inter- rill anag 253.73 111
R12 Me Cr Gu >40 w 2200-2400 Snow wild live 292.75 1.26
R13 Me Cr I 10-20 S 1800-200 Sheet-Inter-rill grag 283.00 1.23
R14 Me Cr I 20-40 N 1800-2000 Sheet-Inter-rill ey 234.20 1.02
R15 Me Cr I 20-40 S 1800-2000 Sheet-Inter-rill g 239.09 1.03
R16 Me Cr Sa 10-20 w 1600-1800 Sheet-Inter-rill zgrg 331.75 1.44
R17 Me Cr Gu >40 S 2000-2200 Sheet-Inter- rill argz 249.83 1.10
R18 Ce Ter Sh 20-40 N 1800-2000 Gully grazing 439.1 191
R19 Ce Ter Ka 20-40 N 1600-1800 Piping-Landslide azing 243.97 111
R20 Ce Ter Ka 10-20 N 1600-1800 landslide grazing 36.%4 1.03
R21 Ce Qt Ootl 20-40 S 1800-2000 Piping-Landslide azigg 239.07 1.04
R22 Me Cr Gu 10-20 S 1600-1800 Piping-Landslide zigg 166.00 0.72
F1 Ce Ter Ka 10-20 N 1500-1600 Gully erosion lllegrazing 170.00 0.74
F2 Ce Ter Ka 10-20 N 1600-1800 Piping-Landslide egdll grazing 556.02 2.41
F3 Ce Ter Sh 20-40 N 1700-1900 Piping-Landslide egHl grazing 870.05 3.77
Total 23038.13  100.00
Note: Ai = Agriculture zone, Ri = Rangeland zone, Fi erést zone, Ce = Cenozoic, Me = Mesozoic, Cr =dtmtius Qtc = Quaternary
(cultivate area), Otl = Quaternary (older terracesj = Tertiary Qtf = Quaternary (gravel fan),88&arvak, Gu = Gurpi, Il = llam P = Plain, S =

South, N = North, W = West, E = East, P = Plain

Soil sampling and analyses: For this study, 268 soil The particle size distribution and soil texture wer
samples were collected from depths of 0-20 and 20determined by the pipette method of. Aggregate
40 cm within each geomorphological facies followedstability was measured by wet sieving method of
by stratified random soil sampling and their Kemper and Rosennau as outlined. Soil organic
coordinates were determined by Global Positioningcarbon was determined by the Walkley and Black
System (GPS). Soil sampling areas are indicated imethod (Miller et al., 1983). Cation Exchange
Fig. 3. The air-dried soil samples were sievedCapacity (CEC) was determined by sodium acetate
through 2 mm mesh sieve and soil physico-chemicasolution (at pH = 8.2) method as outlined by Miker
characteristics were determined in the laboratoryal. (1983).
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Fig. 3: Distribution of geomorphological faciestire Merek catchment

Statistical analyses: The data were statistically Table 2: Agro-ecological zones areas of Merek aatait

analyzed using SAS version 6.12 for variance Areas

(ANOVA) of each soil variable [(General Linear agro-ecological zone ha (%)
Models (GLM) procedure and Student Newman Keulségric%lture 141%%%%% 62.241
(SNK) test due to unequaled samples size], t-tésiw R‘;fgselands 0635 06 3605
soil depth and inter-correlation. Spatial distribntof  Total 23038.13 100.00

SOC and CEC were mapped using interpolation

(Kriging) techniques (GSversion 5.1) and Maplnfo _Fable 3: The livestock of Merek catchment
Sheep and Goat Donkey

software (version 7.0). lamb* and kid Cattle* and mule Total
31400 8550 4571 305 44826
RESULTSAND DISCUSSION Note: * About 5% of lamb and calf are fattene8bqr ce: Agriculture

organization of Kermanshah province, Iran, 2007)

Land use in the study area: There are three agro- The study of showed that in some parts of thissotlee
ecological zones in the Merek catchment, namelyaverage forest tree canopy and density were al&96t 1
agriculture, rangeland and forest. As shown in &gbl and 247 tree harespectively, due to illegal logging and
and Fig. 2, about 64% of the study area is occupied cultivation practices mainly wheat, barley and kpiea
agriculture, while the rest are rangeland and toresresulting in forest fragmentation. Fragmented ftres
which are more sensitive to soil erosion because ofause rapid change in land use leading to larger
topography and geological properties. The main sropPerimeter/forest path ratio (Newton, 2007). Barit iso
grown in the Merek catchment are wheat, chickpeathese areas was more than 40% of the study area
barley, maize, and sugar beet. Agricultural agésiare resulting in surface erosion and subsequently tifss
characterized by continued annual crop cultivationSOC and reduction of SAS through soil erosion and
crop residue burning, overutilization of chemical cultivation practices.

s : ) It was found that soil quality especially SOC and
fertilizes and up to down the slope tillage praeti€ield . :
verifications showed that the improper tillage pices SAS are affected by overgrazing. Total livestockiaf

(up to down the slope) was found mainly in the -faith study area is 44,826 herds (Table 3). The resdlts o

. > ; rangeland inventory showed that this rangeland
areas, Whlle_mo_st of the |rr|gated Ia_n_ds were subie annually only supply about 7475 animal units for 90
to over application of chemical fertilizers. Forestd

) '~ days grazing indicating overgrazing which was five
rangelands comprise about 90 natural plant sp@fies times more than the optimum grazing capacity. Soil
trees, shrubs, forbs and grasses. quality in these rangelands is affected by heaayigg,

Quesrcus persica cover 91% of the forest especially in early April reflected by soil compiact
area. However, palatable species such  agivestock hooves), diminishing the desirable plant
Festuca ovina, Bromus sp, Prangus ferulacea  species and soil erosion. Furthermore, these rands!
and Ttrifolium sp are damaged from overgrazing. are also being converted to rain-fed areas.
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Table 4: Mean, Standard Deviation (SD), Coefficiehiariation (CV), median, minimum, maximum antest values of the soil variables in
the Merek catchment

Variable Agro-ecological Soil depth (cm) N Mean SD CV Median Min Max t-test
Aggregate Agriculture 0-20 27 53.40 10.95 20.52 062. 37.50 72.00 NS
Stability (%) 20-40 27 57.42 12.40 21.57 59.75 8P8. 84.65
Rangeland 0-20 20 60.95 9.13 15.00 61.12 41.50 7580. NS
20-40 16 62.24 8.26 13.27 64.13 45.00 77.11
Forest 0-20 11 63.90 4.30 6.72 62.25 60.05 7075 S N
20-40 11 64.14 7.11 11.10 63.25 57.25 73.25
pH Agriculture 0-20 87 7.72 0.17 2.26 7.70 7.10 082 *
20-40 73 7.80 0.18 2.25 7.80 7.15 8.28
Rangeland 0-20 37 7.76 0.21 2.80 7.80 7.14 8.15 NS
20-40 31 7.85 0.22 2.84 7.85 7.40 8.24
Forest 0-20 21 7.80 0.16 2.04 7.80 7.70 8.32 NS
20-40 21 7.84 0.18 2.33 7.80 7.47 8.30
Carbonate (%) Agriculture 0-20 87 32.18 6.96 21.64 32.00 15.70 48.00 *k
20-40 73 36.93 8.03 21.75 37.20 21.00 54.00
Rangeland 0-20 37 30.00 9.02 30.05 26.50 18.50 8047. NS
20-40 31 33.50 9.01 26.90 29.75 22.00 55.00
Forest 0-20 21 31.11 9.64 31.00 30.50 14.80 49.20 **
20-40 21 40.30 9.31 23.10 41.00 24.60 53.50
SOC (%) Agriculture 0-20 87 1.35 0.41 30.61 1.23 500. 2.49 *k
20-40 73 1.03 0.32 30.50 0.97 0.48 2.00
Rangeland 0-20 37 1.56 0.48 30.65 1.54 0.75 2.60 *
20-40 31 1.33 0.37 27.48 1.30 0.50 2.00
Forest 0-20 21 2.14 0.21 9.65 2.14 1.75 2.60 *x
20-40 21 1.45 0.36 24.45 1.50 0.97 2.16
CEC Agriculture 0-20 87 25.80 5.30 20.60 25.20 Q4.8 40.00 NS
(cmokkg™ 20-40 73 31.14 4.36 13.62 31.50 22.50 41.30
Rangeland 0-20 37 24.63 4.84 19.65 24.00 16.90 8040. NS
20-40 31 26.75 5.62 21.02 26.30 17.20 45.00
Forest 0-20 21 35.10 3.65 10.40 34.60 29.00 43.10 *
20-40 21 26.86 4.47 16.63 26.60 17.00 40.90

Note: *: Significant at 0.05% level, **: Significant &01% level and NS: Not Significant

Erosion feature and annual soil erosion: About 37%  because of considerable clay ratio which can induce
of the study area is affected by inter-rill (shesty rill  high CEC, water availability and soil crusting aslivas
erosion which are mainly observed in the rain-fed erosion hazard due to low infiltration rate. Seikture
agriculture and rangeland areas (10-20% slope)wSnoin this area is controlled by the geology of theaar
erosion with debris was found in the north-andwhich are characterized by claystone, marl, shakk a
northeast parts of the study area which are unigr h limestone that contain different minerals.

elevation, cliffs, outcrops and steeped slope. YGull

erosion is the dominant erosion feature in agnicelt Soil aggregate stability: The mean Soil Aggregate
zone with gentle slopes of Quaternary deposits.tidbs Stability (SAS) of the surface soil layers for agiture,

the landslides occurring in the area are initialyd rangeland and forest was about 53, 61 and 64%,
piping and cracking processes in the forest andesonvespectively (Table 4). Results from t-test reveaie
parts of rangelands. The soils in the area aremtenl  significant difference between soil depths for aggte

by swelling clays (smectite). Annual erosion infgns stability (Table 4), while the ANOVA analysis shaive

in the agriculture area, rangeland and forest w47, that mean aggregate stability of the topsoil is
16.60 and 18.57 t Ryr™, respectively (using the significantly different (R 0.05) among the three zones
MPSIAC model). High erosion intensity was observed(Table 5). This situation shows the negative effeuit

in the forest due to landslide occurrence. improper tillage practices and grazing impacts on
aggregate stability in the agriculture and rangglan
Soil propertiesin the agr o-ecological zones: zone. Improper tillage practices (plowing up to down

Sail texture: Soil texture in the study area is dominatedthe slope) causes breakdown of soil aggregaiss.
mainly by silty and clay. The average amount ofdsan shown in Table 6, soil aggregate stability is
silt and clay are 17%, 42% and 41%, respectivelysignificantly (P<0.05) correlated with soil organic
(Results not show here). These soil textures aa@yhe carbon and soil texture (sand %).
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Table 5: ANOVA analysis of soil variables amongethagro-ecological zones

Agro-ecological

Variable Soil depth (cm) Agriculture Rangeland Bore Pr>F
Aggregate 0-20 53.41 (B) 60.95 (AB) 63.89 (A) 0.015
Stability 20-40 57.42 (A) 62.25 (A) 63.94 (A) 0.748
pH 0-20 7.72 (A) 7.76 (A) 7.80 (A) 0.1950
20-40 7.81 (A) 7.85 (A) 7.84 (A) 0.4790
Carbonate (%) 0-20 32.18 (A) 30.01 (A) 32.18 (A) 38R0
20-40 36.94 (AB) 33.51 (A) 40.31 (B) 0.0180
SOC (%) 0-20 1.36(A) 1.56(B) 2.15(C) 0.0001
20-40 1.03(B) 1.35(A) 1.45(A) 0.0001
CEC 0-20 35.76 (B) 24.64 (B) 31.94 (A) 0.0001
20-40 26.86 (B) 26.74 (B) 35.1 (A) 0.0001

Note: Means with the same letters in the same row grefiiantly different at 0.05% level

Table 6: Inter-correlation (Pearson correlationfiicients) for soil variables in the merek catchrmen

Sand Silt Clay AS SoC Calcite pH CEC
Silt NS
Clay * NS
As * NS NS
SOC NS * * *
Calcite NS NS NS NS NS
pH NS * * NS NS *
CEC NS * * NS * * **

Note: *: Significant at 0.05% level, **: Significant &.01% level, NS: Not Significant, AS: Aggregate I8lity, SOC: Soil Organic Carbon,
CEC: Cation Exchange Capacity

It is seems that significantly lower aggregatesystems. The study of Handyayahal. (2010) showed
stability in the agriculture areas contributes wil s that growing of forage legumes in the arable |amad
erosion, especially gully and rill formation at thein- ~ resulted in increased total N of 26-50% through N
fed lands. Improper tillage practice is occurredt@vo  fixation.
of agricultural areas of which 18% was found to be

more critical where slope is 10-20% (including Soil pH: Soil pH in the study area is high due to high

. . carbonate content. Average pH in the agriculture,
geomorphological facies A, Az, As, Awa Ass Ago rangeland and forest wgs 2.75 7.82 gnd 7.78
A.‘Zl and &2) (Ta_ble 1 an_d Fig. 3). In _these areas Inter'respectively. Theoil reaction in the area is moderately
rill and rill erosion are induced by tillage pragi In 5y aiine with pH of 7.4-8.4 (Margt al., 1999). Results
addition, Ogully erosion at f\ Ao, A1z, Az @nd As  from the t-test (Table 4) showed that the pH witthia
(about 12% of study area) is also exposed to IMgTOP g4i| depth in the agriculture zone was significant!
tillage practices, damaging soil aggregate stabilit gitferent (7.72 and 7.80) between the top- and ailibs
which in turn, increases soil erosion. respectively. Table 6 shows that soil pH is sigaifitly

High aggregate ~stability protects soils from (p< 0.05) correlated with soil texture (silt and clay)d
erosion, while low soil aggregation indicates d wdih calcite content.

poor soil structures, low permeability and low
infiltration that contribute towards pipe formationthe  Soil carbonate: Average soil carbonate in the
clayey soils. Diazet al. (2007) found a good inverse agriculture, rangeland and forest zones was 322, 3
relationship between soil aggregate stability aipghg ~ 31.1% in the topsoil and 36.9, 33.5 and 40.3% & th
density on clayey soils. When stability of aggregast  subsoil, respectively, indicating high level of aikity
decreased, soil erodibility can be increased (Blaaned  in the study area (Table 4 and Fig. 4). Soil casdten
Lal, 2008). Burning of crop residues by illegalrfears  increased with increasing soil depth in all zorBsis
can also decrease aggregate stability by decreasihg carbonate (mainly calcite) was inherited from litoee
organic carbon which in the agriculture zone waswhich is inter-layered with fine grained layers.
significantly lower than that of the other zoneslfle = Carbonate is also accumulated in the subsoil that
5). Field verification showed that the presentlyprevents root growth; hence, the stability of tlodss
cultivation of legumes such as lintels, alfalfapvedr was somewhat compromised. This in the end would
and caw pea are rare due to increasing continuegtwh increase the surface gully erosion and shallowdkahel
and barley cultivation without fallow and rotation occurrence through the formation of hardpan.

136¢



Am. J. Applied Sci., 8 (12): 1363-1373, 2011

690844 88 m 70975238 m

T m
FTTTM9AY m

-

376982071 m

Fa

Caletum carbonzts (23)

Bl -3

370982671 m

G90.84488 m 975238 m
,

+

FITT01969 m
FTTT01969 m

-

370982071 m

A =Agriculfurs
E=F.angeland

, F=Fortest

§95.34458m T08.752.38 m

Fig. 5: Spatial distribution of SOC in the Merekatanent

Soil organic carbon: Table 4 shows that mean soil and 5, Fig. 5). High biomass production by oakha t
organic carbon in the agriculture, rangeland amdsio ~ forest zone contributes to enhancing of SOC, wihiée
The value was 1.35, 1.56, 2.14 % in the topsoil andurning of crop residue and improper tillage preegi
1.03, 1.33 and 1.45% in the subsaoil, respectivEie t-  especially in the hilly areas of the agriculturanedas
test and ANOVA analyses conducted showed that SO@duced it. Most of the farmers burn wheat anddyarl
means are significantly different from each othé&hin  residues during August and early September for the
soil depth and among agro-ecological zones (Tdble subsequent cultivation in early autumn.
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Fig. 6: Special distribution of CEC in the Merekatanent

Crop residue burning contributes to the global wagm CEC: The CEC of soils in the agriculture, rangeland
through CQemission. It is estimated that annually 259and forest areas was 25.8, 24.6 and 35.1 wgjiolfor
Gg of CQ is emitted into the atmosphere by burning ofthe topsoil and 31.1, 26.8 and 26.9 cgl' for the
crop residues (Environment Organization of Iran,subsoil, respectively (Table 5). The t-test analysi
2003). showed that there was no significant difference (P
Field verification showed that up to down tillage 0.05) within soil depths in the agriculture andgeland
practice in the hill slope by moldboard plow cobtes  zones, while it was significantly higher in the o of
SOC loss due to disturbance of the topsoil. Thisthe forest zone due to high level of SOC (2.14%je T
improper tillage practices strongly accelerate soi ANOVA analysis (Table 6) showed that the CEC of
erosion through destroying SOC and soil structure soils in the forest zone was significantly<(8.05) more
(Rosaet al., 2009). The study by Senthilkumetral.  than the other agro-ecological zones due to sitanifly
(2009) showed that improper tillage can decreasaitab higher value of SOC in this zone (Fig. 6). The high
12% in SOC level in the agricultural areas. In thevalue of CEC for the soils of forest zone was duthe
rangelands, reduction of SOC occurs by overgrazinpresence of smectite. The results of the mineiedbg
with rate five times the optimal capacity (Table. 3) analyses of soils and rocks (data not presentexniyesth
Overgrazing contributes to SOC loss througkthat smectite is the dominant clay mineral in thibssof
defoliation as well as reduction in plant canomyafie the forest area, whereas vermiculite was the damiina
production and litter accumulation. An investigatioy  clay mineral in the soils of agriculture and rarmgel
Li et al. (2008) showed that heavy sheep grazincareas.
decreased about 16.5% of SOC. Lower CEC in the agriculture zone is due to
Spatial distribution of SOC in the study area iscontinued annual crop cultivation (such as wheat an
shown in Fig. 4. Organic carbon is highest in thie$t, barley which their roots can only develop in the
which is located in the southwest of the catchmenftopsoil), crop residue burning and consequently soi
Soils in the agriculture zone, which are mainly erosion. Although the effects of land use changing
concentrated in the north and northwest of theystudthe soil chemical properties are less than physical
area, contain less than 1% organic carbon, which iproperties (Geissest al., 2009), it was thought that
associated with conventional tillage practiced. improper agricultural activities of the study arkas
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lead to decline in CEC through SOC loss and soiEnvironment Organization of Iran, 2003. Initial

erosion, especially in the hilly land of the stuahga.
CONCLUSION

Improper tillage practice (up-down the slope)ha t

hilly lands, land use shifting (conversion of the

rangelands and forest to rain-fed agriculture 3read

compaction and soil erosion. Field observations\&ttb

that wheat and barley stubbles residues were bornt

late August to early September, before the next
In the hilly areas, exposed soils thgfou Gomez, J.A., T.A. Sobrinho, J.V. Giraldez and E.
plowing are easily detached by rainfall in autumn
unless the cultivated seeds grow quickly and preduc

cropping.

sufficient canopy cover within a short time. Lanseu

shifting through conversion of rangelands into

National Communication to United Nations
Framework  Convention on Climate Change.
United Nations Development.

FAO, 1996. Agro-Ecological Zoning Guidelines. 1st

Edn., Food and Agriculture Org., Rome, ISBN:
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