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ABSTRACT

The properties of soils affected by salinity and the processes involving degradation of
soil structure are relatively well-known. However, the effects of saline and sodic condi-
tions on the physical and mechanical properties of soils have been studied to a lesser ex-
tent. In thisresearch, the effects of electrical conductivity (EC) and sodium adsorption ra-
tio (SAR) of solutions were assessed on soils containing various amounts of organic matter
under laboratory conditions. The soils used were collected from the Dasht-e-Naz of Sari
region in the north of Iran and contained the same clay type, predominantly Illite. The
major difference between the soils was their organic matter content. The treatments con-
sisted of applying solutions with definite EC and SAR (two levels of EC: 0.5 and 4 dS/m
and threelevels of SAR: 0, 5 and 15). With an increase of SAR, the wet aggregate stability
(WAS) decreased and the amount of dispersible clay (DC) increased. At a similar SAR,
higher EC values were associated with lower DC. The order of average aggregate stability
of soils were: virgin soils > soils under continuous cultivation of Festuca > soils under in-
tensive cultivation with regular crop rotation > soils under continuous cultivation of Ag-
ropyron. The analysis of variance showed significant differences (at 1%) between soil
types, soil sampling depths, EC and SAR.

Keywords: Dispersible Clay (DC), Organic carbon, Salt-affected Soils, Wet aggregate sta-

bility (WAS).

INTRODUCTION

The physical and mechanical properties of
soils are mainly dependent on the quantity,
size and strength of soil aggregates and their
stability in water. Hence, studies of the na-
ture of soil aggregates are considered as a
means for evaluating soil physica and me-
chanical properties. If soil aggregates do not
disintegrate in wet conditions or by the ac-
tion of agriculturad machinery and equip-
ment, it is expected that irrigation, drainage,
rainfall, and farming operations would not
have an adverse effect on soil structure, and
soil possesses relatively acceptable stability
(Bybordi, 1989). Understanding the process

of soil structure degradation under saline
and sodic conditions in arid and semi-arid
regions could improve crop management.
The dispersion of soil particles and slaking
of soil aggregates resulting in soil crusting
and hardening of soil surfaces, lead to nega-
tive effects on air and water transport, ger-
mination of seeds and root growth, and also
intensify soil erosion (Bybordi, 1993).

The role of organic matter in soil structure
stabilization is not yet completely under-
stood. The mechanism of stabilization de-
pends not only on the chemical nature of the
organic matter, but also on its arrangement
with respect to the mineral constituents (Ar-
inghieri and Sequi, 1979). Various equations
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have been developed for explaining the rela-
tionship between organic matter and soil
aggregate stability. These are sometimes
quite different from one another. The rea
sons for these differences were discussed by
Tisdall and Oades (1982).

Many studies have emphasized the disper-
sion of dry soil aggregates because of or-
ganic bond effects. However, if stress is ap-
plied (e.g. tillage in wet conditions) the or-
ganic matter sticks to the clay particles. This
increases the repellent forces between the
particles and intensifies the colloidal state in
soil (Emerson, 1984). Reid and Goss (1981)
investigated the influence of root growth and
activities on soil aggregate stability using
five crop species and two soils. They
showed that the root growth of perennial
ryegrass and lucerne was generally associ-
ated with increases in aggregate stability.
These beneficial effects were associated
with periodate sensitive materials (probably
polysaccharides) produced in the rhizos
phere. However, growth of maize, tomato
and wheat roots decreased the wet aggregate
stability. This suggests that the growth and
activities of living roots may be a major fac-
tor controlling the overall direction and
magnitude of changes in aggregate stability
under arable or ley crops (Reid and Goss,
1981).

Studies have been conducted for relating
the cropping history to soil structure. Bal-
dock and Kay (1987) observed that during
15 years continuous cultivation of corn, the
size and amount of stable soil aggregates
decreased in comparison with the continuous
cultivation of bromegrass. The severity of
soil structural degradation was greater in
soils under continuous cultivation of corn
(Baldock and Kay, 1987).

Emerson (1984) compared a grassland
with an adjacent cultivated soil. Both con-
tained lllite and a small amount of carbon-
ate, but their organic matter contents were
5.0 and 0.7 percent, respectively. The aggre-
gates of grassland soil preserved their stabil-
ity when washed with 0.5 M NaCl solution
but those of the cultivated soil were com-
pletely dispersed when washed with 0.02 M
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NaCl (Emerson, 1984). Barzegar et al.
(1994) found that increasing the SAR up to
30 decreased aggregate stability. For a given
SAR, aggregate stability increased with in-
creasing organic carbon content. Their re-
sults showed that sodicity decreased the
amount of aggregates > 250 um and conse-
quently increased proportions of aggregates
< 250 um. Soils with a high organic carbon
(>2%) had less dispersible clay than others
at a given sodicity and salinity. They con-
cluded that by improving the organic matter
status of a soil, the effects caused by sodicity
on aggregate stability can be modified (Bar-
zegar et al., 1994).

The objective of this study was to investi-
gate the effects of EC and SAR, as indices
of saline-sodic conditions, and soil organic
matter content on soil aggregate stability
under laboratory conditions. It may aid fu-
ture studies at regional and national levelsin
[ran.

MATERIALSAND METHODS
Soil Sampling M ethods and L ocations

Soil sampling sites were situated between
the cities of Sari and Neka, approximately
20 km from the Caspian Sea. The soils con-
tained appreciable amounts of organic mat-
ter and possessed a good structure. They are
classified as Brown forest soils (typic xero-
chrepts) (Soil Institute of Iran, 1956) and
typic calcixerolls (lranian Soil and Water
Research Institute (ISWRI), 1980). The EC
of the soils is less than 1.0 dS/m. However,
in the east and west of the sampling sites,
soils are saline (ISWRI, 1995). Beforel966,
the soils were covered with natural forest.
Later, most of the forest was cleared and the
land was cultivated.

The soil sampling sites were:

-The wild life park of Dasht-e-Naz (code
P) that has been a virgin land for the past
hundred years. Since 1966, it has been a pro-
tected area for the grazing of yellow deer.

-The cultivated farms (code W), where an
intensive agriculture is practiced under sys-
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tematic crop rotation. At the time of sam-
pling, the plot was under wheat cultivation,
and the crop rotation was wheat-corn-
soybeans-corn-wheat-soybeans- corn/  bre-
seem clover.

-The Dolemarz Station that has been estab-
lished for seed propagation of forage during
the past 10 years. From two sampling plots,
one (code F) was under rain-fed tall fescue
(Festuca arusdinaceae), and another (code
E) was under rain-fed tall wheat grass (Ag-
ropyron elengatum). Prior to this experiment
these plots had not been cultivated during
the past 10 years.

Soil samples were collected from at least
ten locations in each site from depths of 0-
10 and 10-20 cm. At the site of the virgin
soil, samples were taken from depths of 0-5
and 5-10 cm. Soil samples were transferred
to the laboratory at the Iranian Agricultural
Engineering Research Institute (IAERI) and
were air-dried. The 2-4 mm aggregates were
separated and preserved for treatment
preparation. Particles smaller than 2 mm
were used for physical and chemical analy-
ses. Soil sampling was done in July 1996,
after the harvest and before new cultivation.

Deter mination of Soil Physical and
Chemical Properties

The soil properties determined for the par-
ticles of less than 2 mm were: EC, pH, and
SAR in saturation extract; calcium carbon-
ate; sand, silt and clay percentage. Clay type
was identified by X-ray and organic carbon
content by the Walkley and Black method

JAST

(Nelson et al., 1982). Table 1 shows the
measured physical and chemical properties
of the soils.

Treatments

The 2-4 mm aggregates were treated on the
sintered glass funnels with solutions having
definite EC and SAR. The solutions (with
EC levels of 0.5 and 4 dSYm and SAR levels
of 0, 5, and 15) were prepared on a calcu-
lated basis using pure reagents of sodium,
calcium, and magnesium chlorides.

Each trestment consisted of five wetting
and drying cycles with 48 hour intervals. In
each cycle, the samples were wetted by sub-
merging in solutions for seven hours and
then subjected to 30 cm (3 kPa) suction for
17 hours. Afterwards, the samples were
drained and allowed to stand for another 24
hours. After five wetting/drying cycles, the
EC and SAR of the drained solutions in each
funnel were determined. Finally, the samples
were air dried and retained for further analy-
Sis.

Deter mination of Wet Aggregate Stability
(WAYS) and Dispersible Clay (DC)

The wet aggregate stability (WAS) and
dispersible clay (DC) were determined on
the basis of a procedure used by Pojasok and
Kay (1990) as follows. First, 20 g of the
treated 2-4 mm soil aggregates were dried at
110°C for 24 hours and then poured into
100-ml tube and 40 ml of distilled water

Table 1. Physical and chemical characteristics of the soils studied.

Depth  pH EC SAR  OC. CaCO3 Clay Sit  Sad
Soil (cm) (dS/m) (%) (%) (%) (%) (%)
W1l 010 804 047 14 2.18 18.94 34 29 37
W2 1020 806 047 17 217 17.38 33 29 38
= 010 775 054 0.7 2.38 26.38 23 386 384
E.2 020 780 043 0.6 2.13 30.13 20 40 40
F.1 010 743 084 0.6 3.42 24.25 27 36 37
F2 1020 755 063 05 2.89 27.63 32 31 37
P.1 0-5 727 097 0.3 10.3 3.63 28 30 42
P2 510 755 0.0 05 7.19 7.38 33 29 38
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added. The tube was then shaken horizon-
tally for 15 minutes at 100 rpm and the solu-
tion poured through a 0.25 mm sieve and
washed using two additional 40 ml aliquots
of distilled water. Materias left on the sieve
were oven-dried and weighed. The filtrate
passing through the sieve was transferred to
another vessel. After three hours, a sample
was taken from the top of the suspension.
The amount of dispersed clay was then de-
termined. The wet aggregate stability was
calculated using the eguation:
% WAS = Q)
Dry weight of aggregates remaining on 0.25 mm sieve
Total weight of oven dried soil

x 100

The amount of sand (particles greater than
0.25 mm) remaining on the sieve was not
measured.

To determine the amount of dispersible
clay (DC), the absorbance of each sample
was measured using a spectrophotometer at
620 nm (Pojasok and Kay, 1990). The spec-
trophotometer was calibrated to zero absorp-
tion using distilled water. These quantities
were recorded in terms of dispersible clay
per 100 g of total soil. The calibration curves
of each soil were prepared using a 20-g
sample of soil aggregates. To this sample,
100 ml of distilled water was added and the
mixture was vigorously shaken. After three
hours, 3 ml of supernatant liquid was taken

as a sample. Samples from each treatment
were oven-dried and the amount of clay was
determined in mg/ml of water. Seria dilu-
tions were made to include the range of
concentrations required for drawing the
standard curve. The amount of DC was ex-
pressed as a percentage of the total oven-dry
soil sample weight.

The guantities of WAS and DC for each
treatment are shown in Table 2.

RESULTS

Figures 1 and 2 show the wet aggregate
stability and dispersible clay of soils in the
order of their organic carbon content (Table
1) and in relation to the treatments em-
ployed. In most soils the WAS increased
with increasing organic carbon and was de-
pendent on the particular treatment of each
soil (Figure 1). The WAS decreased propor-
tionally with the increase of the SAR.

In most cases and in each treatment, the
amount of DC decreased with increase of
organic carbon (Figure 2). In any particular
soil, DC changed with the trestment used
and increased out higher SAR values. In
similar SAR, soils with a higher EC had a
lower DC. In Figures 1 and 2, the signifi-
cance of these differences will be explained
by analysis of variance.

Table 2. The WAS (%) and DC (g clay /100 g soil) of soils and treatments™.

F.2 E1l w.1 W.2 E.2

Soils P.1 P.2 F.1
Treatments
EC=0.5dS/m, SAR=0 9455 9157 89.12
0.49 0.58 0.64
EC=0.5 dS/m, SAR=5 93.00 8741 8872
111 110 116
EC=0.5dS/m,SAR= 15 89.21 86.89 86.27
1.10 1.00 1.62
EC=4dS/m, SAR=0 90.25 90.2 87.91
0.19 0.22 0.29
EC=4dS/m, SAR=5 84.26 86.00 84.13
0.50 0.56 0.95
81.80 8091 77.65
EC=4dSm, SAR=15 125 1.40 193

8237 7082 7631 76.02 66.05 WAS
0.70 0.88 0.74 085 0.84 DC
8049 64.03 7458 7292 5324 WAS
123 150 130 120 1.49 DC
7449 5049 7155 6877 4722 WAS
1.90 345 211 227 3.20 DC
7786 5132 7351 7399 4789 WAS
0.21 0.42 029 030 0.32 DC
7418 4811 7052 6477 36.02 WAS
0.68 150 100 098 161 DC
70.05 4718 7012 5830 46.80 WAS
215 2.73 221 234 2.68 DC

&The organic carbon of soils were decreased from P.1to E.2
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Figure 1. Wet Aggregate Stability of soilsin order to their organic carbon and

treatments (the organic carbon of soils was decreased from P.1to E.2).

mented in a completely randomized block
design. The significance of the differences
was determined by Duncan method (at 1%0).
Table 3 gives asummary of these results.
The Duncan test for the WAS showed sig-
nificant difference for the soil factor (or-
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Figure 3 and 4 also show the apparent ef-
fects of the treatments.

The analysis of variance in a factoria
experiment (with four levels of soil factor,
two levels of soil sampling depth, two levels
of EC, and three levels of SAR) was imple-
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Table 3. Summary of variance analysis of data®

Variables WAS DC
Sail > *x
Depth *x ns
Soil x depth o o
EC * % * %
Sail x EC o o
Depth x EC ns ns
Soil x depth x EC *x ns
SAR * % * %
Soil x SAR b b
Depth x SAR o *

Soil x depth x SAR o *

SARx EC * **
Sail x SAR x EC o o
Depth x SAR x EC ns ns
Soil x depth x SAR x EC * ns

& ggnificant at 5%; " significant at 1%; ns
not significant

ganic carbon). The order of WAS averages
was.
E2<W.2<W.I<El<F2<F1<P.2<P.1
The SAR factor was also significant and
the order of WAS averages was.
SAR=15< SAR=5<SAR=0
The Duncan test showed a reverse trend
for the DC variable.

DISCUSSION

The amount and type of organic matter, at
various stages of decomposition, are consid-
ered important factors in stabilizing soil
structure. The complex soil system makes it
very difficult to explain the mechanisms in-
volved in the soil structure stability. The
dual role of organic matter (Emerson, 1984)
can be explained in terms of two processes:

1. Increase of repelling forces between par-
ticles due to the increase in negative charges
of pure clay that intensifies the colloidal
condition of soil particles and results in in-
creased dispersion.

2.The formation of bonds with adsorbed
cations that increase the physical resistance
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of soil aggregates to dispersion and, there-
fore increase the aggregate stability.

Crop rotation and land management, due to
their effects on the amount and type of or-
ganic matter, affects the stability of soil ag-
gregates. This effect is caused by the physi-
cal and chemica influence of plant roots.
Organic matter can also improve the nega-
tive effect of sodic conditions in soils. The
stability is also influenced by the presence of
cations such as calcium, magnesium and
aluminum in the soil solution. The negative
effect of sodic conditions decreases with an
increase in the salt concentration, which was
in agreement with our data. Interaction be-
tween EC and SAR was significant at 5%
for the WAS.

In this study, higher aggregate stability and
lower dispersible clay were obtained with an
increase in the organic matter of soils. An
increase in the SAR also had a negative rela
tion with wet aggregate stability and a posi-
tive relation with dispersible clay. At asimi-
lar SAR, treatments with higher EC had less
dispersion. This shows the adjusting effect
of EC on soil sodic conditions. Visual
evaluation of aggregates during the treat-
ment preparation also confirms the negative
relation of aggregate stability with SAR.

The analysis of variance of data showed
significant difference between soils, depth of
sampling, and levels of EC and SAR. The
differences between soils in view of the
amount of organic matter and its manage-
ment were expected. However, one interest-
ing result was that samples E and F, planted
under rain-fed pasture in one location
showed significant differences in their WAS
and DC. This could be attributed to the dif-
ference in the amount of clay, calcium car-
bonate, and organic carbon in soils (Table
1). Sail E had a lower content of organic
carbon and clay and higher content of cal-
cium carbonate. Furthermore, Festuca (in
soil F) compared to Agropyron (in soil E)
has deeper and denser roots (Shaidaie and
Nemati,1978), and therefore had higher ag-
gregate stability and lower dispersible clay.
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