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Abstract

The objectives of this paper were to determine the response of soil quality indicators and organic carbon
(OC) distributions within different aggregate classes to changes in land use from desert soils to cropland
occurring in the Abarkooh plain, Central Iran. Composite soil samples of the desert soil, wheat and alfalfa
fields were taken from three different depths and soil quality indicators, including aggregate stability
(MWD), OC, carbohydrate, particulate organic carbon existent in macro (POC,,,.) and microaggregates
(POCyic) in these soils were determined. Conversion of desert soils to croplands resulted in a significant
decrease in electrical conductivity (EC), but an increase in MWD, OC, carbohydrate, POC,,,. and POC;.
contents. OC content increased with increased aggregate size and the aggregate; OC ratio in cultivated and
desert soils was highest in the 1-2 and <0.05 mm aggregates, respectively. The improvement soil quality in
cropland is due to the long-term use of irrigation water and soil fertilization and also the poor SOM in desert
soils. The results of this study further indicate the POC,,,., POC,;;c and POC,,,,,/POC,y; ratio are sensitive
parameters that reflect differences of soil aggregation, SOM quality and tillage intensity in soils of this
region. These parameters are more reliable indicators of soil quality than OC in reclaimed desert soils.
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Introduction

The desert soils in arid regions of Central Iran are characterized by low rainfall, low fertility, high
evaporation and salinity. Also, soil water and salinity are crucial factors influencing crop production in these
regions. Numerous field trials have demonstrated the effectiveness of leaching for salt removal. For example,
Fullen et al. (1995) reported that use of irrigation water resulted in distinct and rapid improvements in the
physical and chemical properties of reclaimed desert soils. Soil aggregate structure and stability are
important factors that contribute to sustainable soil quality (Shepherd ef al. 2002). Numerous studies have
shown that conversion of native ecosystems to agriculture, especially in tropical and temperate regions have
led to a negative impact on soil quality (Islam and Weil 2000). Nonetheless, information about the soil
quality of desert soils and marginal cropland is scarce. Thus, the main objectives of this study were: (1) to
analyze the effects of changes in land use from desert soils to croplands on soil quality indicators (2) to
determine aggregate organic carbon (OC) ratio (OC in aggregate/OC in total aggregates) and also the
distribution of OC in the aggregates of soils under desert and cropland.

Methods

Study area

The study area was located in Abarkooh plain at an elevation of around 1500 m above sea level, nearly 140
km southwest of Yazd, Iran (31° 18’ N, 53° 17’ E). The climate of the region is arid with a mean annual
rainfall of 60 mm, potential evapotranspiration of 2800 mm and the temperatures ranging from 40 °C in
summer down to -13 °C in winter. In the southeast Abarkooh plain, groundwater is mainly saline (1700—
2500 pmho cm™), but could be exploited to meet crop water requirement. A flood-irrigation system was
developed during 1979-1981 to reduce salinity levels in the root zone and increase water availability.
Therefore, this research was conducted to understand the changes of soil quality and aggregation resulting
only from cultivation of desert soils. For this purpose, three different land uses were chosen in the study area
including virgin desert, alfalfa (Medicago sativa L.) in rotation with wheat, and wheat (Triticum aestivum L.)
in rotation with fallow and barley. At the time of sampling, the vegetation of the desert soils was dominated
by Tamarix hispida. In the cropland, mineral N (urea) and P (di-ammonium phosphate) fertilizers are usually
applied for improving soil productivity.
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Soil sampling and analysis

In June 2008, three blocks (each 6060 m) were randomly selected from each of the two treatments (wheat
and alfalfa fields) for soil sampling to produce nine pseudo replications. At each block, nine sub-samples at
each depth of 0-10, 10-20 and 20-30 cm were taken and mixed as three composite samples. Adjacent to
sampling areas of the two treatments, three uncultivated (desert soils) blocks were randomly selected and
sampled in the same way. Overall, 81 composite soil samples were collected, comprising three land uses,
three depths and nine replicates. After air drying, soil samples were sieved through 4 mm sieve size for
aggregate fractionation and separation of POC, and the remaining was sieved through 2 mm sieve size for
chemical analysis and particle size distribution. Soil electrical conductivity (EC) was measured in saturated
extracts and OC with the Walkley & Black method, were determined. The content of dilute acid-
hydrolysable carbohydrate (CHg,) in whole soils was determined by the phenol-sulphuric acid method of
Dubois et al. (1956).

Fractionation of water stable aggregates and separation of POC,,,. and POC,,;.

The size distribution of soil aggregates was measured by wet sieving through a series of sieves (2, 1, 0.5,
0.25 and 0.05 mm). Also, the material passing the 0.05 mm sieve (<0.05 mm) was collected. For the
separation of particulate organic matter (POM), aggregate fractions were combined into two groups:
macroaggregate (0.25-2 mm) and microaggregate (0.05-0.25 mm). Soils from the bulked macroaggregate
and microaggregate fractions were dried (50°C) in the oven overnight and cooled in a decicator to room
temperature. Then, 10 g of each aggregate fraction was dispersed in 30 ml sodium hexametaphosphate (5%)
for 16 h on a reciprocating shaker at 120 reciprications per minute. After dispersion, the suspensions were
sieved through 0.05 mm sieve to separate sand particles and POM. The separation of POM by Loss on
Ignition (LOI) was done following the procedure of Cambardella et al. (2001). The collected sand particles +
POM were dried at 55°C to constant weight, and then subjected to 450°C for 4 h to measure POM by LOI
method and POC estimated by multiplying the mass difference by 0.58.

Statistical analysis

The physical and chemical properties in the whole soils and aggregate fractions were repeated nine and three
times, respectively. In each depth, one-way ANOVA was conducted to detect significant differences between
land uses and, among the different aggregate size classes. Significant treatment means were separated using
Duncan test at p <0.05. Statistical procedures were carried out using the software package SPSS 15.0 for
Windows.

Results and discussion

The electrical conductivity (EC)

The long-term use of irrigation water led to significant leaching of soluble salts from topsoil, therefore, soil
EC was substantially lower in the alfalfa and wheat fields than in the desert soils. Desert soils contained the
highest EC at all depths (Figure 1).
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Figure 1. Electrical conductivity (EC) of soils under  Figure 2. Mean aggregate stability (MWD) of soils under
different land uses at the three depths. In a depth, different land uses at the three depths. In a depth, similar

similar letters indicate no significant difference letters indicate no significant difference among the land
among the land uses at p <0.05. Each value uses at p <0.05. Each value represents means + S.E.
represents means + S.E. (n=9). (n=3).
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The Water-stable aggregates distribution and stability

The most frequent aggregate fractions were the aggregates <0.05 mm for the desert soils, the
microaggregates for wheat and the aggregates 1-2 mm for alfalfa at all depths (data not shown). Because of
high soil EC in the desert soils, larger aggregates (>1 mm) are unstable and the formation of stable
aggregates is very poor in these soils. Hence reclamation and cultivation of desert soils considerably
increased the value of aggregate stability (Figure 2). The long-term use of irrigation water led to substantial
leaching of soluble salts from topsoil and caused an improvement in the soil structure.

The OC and CHy, contents

The OC and CHy, contents were highest in the soil samples of alfalfa fields, intermediate in wheat fields and
lowest under desert soils at all depths (Table 1). The lower OC and CHg, contents in desert soils may partly
be attributed to reduced plant residues input to the soil because of limitation to plant growth in the harsh
environment (low moisture and fertility and high salinity of soil). Salinity-induced degradation in arid soils is
characterized by low soil OC values and indeed, the most saline soils had the lowest OC content (Yuan et al.
2007). Therefore the increases in OC and CHy, contents in cultivated fields were mainly related to higher
carbon inputs from crop residues incorporated in the surface soil during improvement of soil property with
irrigation. In agreement with our results, Fullen ef al. (1995) found that the irrigation caused an increase in
SOM content of reclaimed desert soils. On the other hand, soil fertilization with nitrogen fertilizer (urea) in
cropland could increase the level of crop residue returned to the soil, leading to enhanced OC content.
Similar findings were reported by Alvarez, (2005) who found that the effect of nitrogen fertilizer on SOM
storage was very probably a consequence of the increase in residues returned to the soil where fertilizer
nitrogen was used. Our results are in contrast with the findings of studies in tropical and temper regions that
shows conversion of the virgin lands into continuous cultivation resulted in significant decrease in the
content of SOM (Islam and Weil 2000). Indeed, these researches show that the most virgin lands (pasture or
forest) in tropical or temperate regions had the high SOM content and cultivation resulted in significant
reduction in inputs of plant residues. Nonetheless, our results revealed that in arid regions, virgin soils
because of existing water limitation and high salinity had low productivity and generally are very poor in
SOM. The irrigation and soil fertilization in cropland increases the level of crop residue returned to the soil.

Table 1. OC and CHy, contents of soils under different land use systems at the three depths.

Depths OC (g/kg soil) CHy, (g/kg soil)

(cm) Desert soils Wheat fields Alfalfa fields Desert soils Wheat fields Alfalfa fields
0-10 0.56 C(0.03) 2.88B(0.26) 3.80 A (0.30) 0.03C (0.01) 0.78 B (0.07) 1.0 A (0.09)
10-20 0.72C(0.06) 2.18B(0.21) 3.30 A (0.27) 0.11 B (0.01) 0.60 A (0.06) 0.72 A (0.05)
20-30 0.26 C (0.02) 1.76 B (0.18)  3.01 A (0.27) 0.08 B (0.02) 0.47 A (0.06) 0.57 A (0.05)

OC; organic carbon, CHyg,; dilute acid-hydrolysable carbohydrate, Means and S.E. (n=9). In a row, similar letters
indicate no significant difference between the land uses p <0.05.

The POC,,,. and POC,,. contents

In desert soils, because the proportion of the macroaggregates for separation of POM was scant, the POC ;¢
in these soils was not determined. Also, the POC,,;. contents in these soils were very low. Data on POC,,,.
and POC,,;. contents (g/kg soil <4 mm) indicated that whereas the POC,,,. contents were significantly higher
in the alfalfa than in the wheat, POC,,;. contents for alfalfa and wheat fields were not statistically different
mainly due to large proportion of soil in microaggregate of soils under wheat (Table 2). In most of the cases,
the POC,,,,. content was consistently higher than the POC,,;.. These results are in agreement with the
observation of John et al. (2005) who found that in cultivated soils, the organic matter content of
macroaggregates is considerably greater than that of microaggregates. Since soil quality is dependent upon
organic matter content, our results showed that land use changes from desert soils to cropland have resulted
in positive influences on SOM components and these demonstrate that cultivation of desert soils that are very
poor in SOM, could improve soil quality. At all depths, the alfalfa fields showed a higher POC,,,o/POCy;c
ratio compared to the wheat fields. This could be attributed to different annual organic matter input and the
decomposing of crop residuals and SOM, due to annual tillage in wheat fields. The annual ploughing and
disturbing the soil in wheat fields versus soil ploughing every 6-7 years in alfalfa fields may have led to the
transfer of SOM from the macroaggregates to microaggregates. John et al. (2005) found that OC in
macroaggregates is younger than OC in microaggregates; consequently POC,,,. is younger and more labile
than POC,;.. This suggested that the SOM in alfalfa fields is more labile than organic matter in wheat fields.
It was concluded that POC,,,., POM,;. and POC,,,o/POM,;. ratio are sensitive parameters that reflect
differences of soil aggregation, organic matter quality and tillage intensity in soils of this region. These
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results showed that POC,,,., POC,,;. and POC,,,./POM,y; ratio are more reliable indicators of soil quality than
OC in reclaimed desert soils.

Table 2. POC,,,. and POC,,;. contents in cultivated soils at 8 -
the three depths.
POC (g/kg soil <4 mm) S67 I
Depths )
(cm) Alfalfa fields Wheat fields ﬂ\; 4
POC ¢ POC i POC ac POC i S
0-10 2.35+0.24a 0.36£0.03  0.57+0.06 22

1020 12540152  026+0.02 0.65£0.05  0.27+0.03c : : : S
20-30  0.84+0.07a  0.25+0.03 0.4 Alfalfa Wheat Alfalfa Wheat Alfalfa Wheat

(==}

POC,,,; particulate organic carbon in macroaggregate, POCy;c; 0-10 cm 10-20 em 20-30 cm
particulate organic carbon in microaggregate. Means + S.E. Fields

(n=3). Similar letters in rows indicate no significant difference at
p <0.05. Figure 3. POC,,,/POM,,;. ratios of

cultivated soils at the three depths.

The OC content and aggregate OC ratio in aggregates

In the desert soils, OC content and the aggregate OC ratio (ratio of OC in aggregate to OC within total
aggregates) were highest in the fraction <0.05 mm (data not shown). Conversely, in both cultivated soils, OC
content was highest in aggregates 2-4 and 1-2 mm and the 1-2 mm aggregates had the highest aggregate OC
ratio for the two cultivated soils. This indicated the importance of 1-2 mm aggregates, which stored more
than 30-48% and 20-26% of the OC in soils under alfalfa and wheat fields, respectively. The general trend
showed that OC content, in the cultivated soils, increases as aggregate size increased from 0.05 to 4 mm
diameter (data not shown).

Conclusion

This study concluded that water deficit and soil salinity have larger roles in reducing soil quality than
agricultural practices such as tillage. The results of the present study show the positive influences that land
use conversion from desert soils to cropland might have on indicators of soil quality. The results of this study
further indicate the POC,,c, POM,,;c and POC,,,,./POM,,;c ratio are sensitive parameters that reflect
differences of soil aggregation, SOM quality and tillage intensity in soils of this region. These parameters are
more reliable indicators of soil quality than OC in reclaimed desert soils. In arid ecosystems, cultivation of
desert soils that are very poor in SOM could improve soil quality.

References

Alvarez R (2005) A review of nitrogen fertilizer and conservation tillage effects on soil organic carbon
storage. Soil Use and Management 21, 38-52.

Cambardella CA, Gajda AM, Doran JW, Wienhold BJ, Kettler TA (2001) Estimation of particulate and total
organic matter by weight loss-on-ignition. In ‘Assessment methods for soil carbon’ (Eds. Lal R, Kimble
IM, Follett RF, Stewart BA), pp. 349-359. (CRC Press, Boca Raton, FL).

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F (1956) Colorimetric method of determination of
sugars and related substances. Analytical Chemistry 28, 350-356.

Fullen MA, Fearnehough W, Mitchell DJ, Trueman IC (1995) Desert reclamation using Yellow River
irrigation water in Ningxia, China. Soil Use and Management 11, 77-83.

Islam KR, Weil RR (2000) Land use effects on soil quality in tropical forest ecosystems of Bangladesh.
Agriculture, Ecosystems and Environment 79, 9-16.

John B, Yamashita T, Ludwig B, Flessa H (2005) Storage of organic carbon in aggregate and density
fractions of silty soils under different types of land use. Geoderma 128, 63—79.

Shepherd MA, Harrison R, Webb J (2002) Managing soil organic matter implications for soil structure on
organic farms. Soil Use and Management 18, 284-292.

Yuan B, Li Z, Liu H, Gao M, Zhang Y (2007) Microbial biomass and activity in salt affected soils under arid
conditions. Applied Soil Ecology 35, 319-328.

© 2010 19™ World Congress of Soil Science, Soil Solutions for a Changing World 4
1 -6 August 2010, Brisbane, Australia. Published on DVD.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


