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Sand Dunes Fixation in Baiji District, Iraq

Ayad Mohammed Fadhil
Faculty of Earth Resources, China University of Geosciences, Wuhan 430074

ABSTRACT: This study was carried out at Sand Dunes Stabilization Researches Station in Baiji district
(230 km north of Baghdad, Iraq) to evaluate the effects of local soil conditioners manufactured from oil
derivatives and plant residuals on sand dunes fixation as the first step for sand dunes stabilization. The
results indicate that the fuel oil has the first place in improving wind erosion parameters in the study
area, such as increasing mean weight diameter, dry aggregates percentage. the needed time for complete
disaggregation by dry sieving, and decreasing the disaggregation rates. Bitumen emulsion occupies the
second place, while the plant residuals occupies the third place and has slight effects on the studied pa-
rameters. Effects of conditioners on natural vegetation cover are negative in oil derivatives treatments,
while positive in plants residuals treatments.
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INTRODUCTION
Most of Iragian lands are affected by wind ero- '

sion and formation and movement of sand dunes, par-

ticularly in the middle and south of Iraq. The total

area covered by sand dunes is approximately 2 mil-

lions hectares. And there are another millions of hec-

tares threatened by sand dunes (Dougrameji and -

Kaul, 1972). pie
Sandy soils and sand dunes are located around

Baiji in the north, in an area northeast of Hilla- d

Diwaniyah and in a sand belt, more or less parallel to -

the Euphrates situated in an NW-SE direction south

of a line Najaf Zubair with a width ranging from 5 to

25 km. The general movement of dunes is in a south- . AzzubBayer
S massive dune . g
east direction as a result of prevailing northwest 2 sand hummock : K LN
winds as shown in Fig. 1 (Dougrameji, 1979). ~—— wind direction " !
— region sensitive e e J/
In Iraq, there are two types of sand dunes. The to wind erosion “~Neutmal >

S Zong -~
first type is pseudo sand dunes that contain high per- L0200 KmE s

centages of silt and clay, such as the sand dunes in Figure 1. Sandy soils and sand dunes in Iraq
the middle and south of Iraq. The second type is the (Dougrameji (1979)).

true sand dunes containing high percentage of sand,
such as the sand dunes located in Baiji district (230
km north of Baghdad, Iraq).

Due to the serious problems caused by sand

agricultural lands, irrigation and drainage canals and
air pollution, it becomes very important and very

necessary to combat sand dunes movement. There

dunes movements and their bad effects on cities, ur- are many methods for this aim, one of which is to use

ban and rural areas, factories, communication lines, soil conditioners as a mulch technique (spreading any

Manuscript received September 7, 2001, products or materials capable of evenly covering the

Manuscript accepted January 3, 2002. soil) for sand dunes fixation as the first step for sand
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dunes stabilization (FAO, 1993).

Armbrust (1977) proposed to use mulches (nat-
ural or manufactured materials) for improving soil
Also De Benito
(1974) suggested using oil derivatives sprayed with

structure and soil erosion control.

rates 4—38 tons/hectare for sand dunes fixation. Ben
Salem (1985) proposed to use oil derivatives such as
asphaltic oil, waxy oil and crude oil to prevent sand
dunes movement.

Not only oil derivatives were used for sand dunes
fixation, but also the plant residuals. Stevens (1974)
paid attention to the importance of the organic matter
and other plant residuals in sand dunes fixation and
stabilization. Mitchell (1974) stated that the plant
residuals were incorporated by plow with sands in ad-
dition to bitumen emulsion for sand dunes fixation in
Australia. Christensen (1986) indicated that plant
residuals were incorporated with sandy loam soil that

increased soil aggregation and waster content as well.
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MATERIALS AND METHODS

The aim of this study conducts on sand dunes at
Baiji station for the researches of sand dunes fixation
and stabilization in Baiji district (230 km north of
Baghdad, Iraq) is to evaluate the efficiency of some
local soil conditioners manufactured from oil deriva-
tives and plant residuals on sand dunes fixation. Com-
pletely randomized block design was used in field ex-
periment including three blocks vertically located in
Each

block contained fifteen plots for fifteen treatments;

prevailing wind direction at the study area.

each plot area was 50 m? (5 m X 10 m). The local
conditioners, whose details are shown in Table 1,
treated sand dunes in the experiment field. Each
block contained fourteen treatments (plots) as well
as control treatment (one plot). Control treatment
was not treated with any type of conditioners.
Triplicate random soil samples were obtained pe-

riodically from surface layer ( 0 — 5 cm ) to estimate

Table 1 Treatments, their symbols, soil conditioners, and their levels used in this study
conditioners spraying levels

freatments first symbol  second symbol third symbol comments
fuel oil 0.5 liter/m?® Fol 1 liter/m? Fo2 2 liter/m?® Fo3 oil product
bitumen emulsion 1 % Btl 2.5 % Bt2 5% Bt3 oil derivative
Bakaz 6 ton/hectare Bkl 12 ton/hectare Bk2 — — cane residuals
Kewaleh 6 ton/hectare Kwl 12 ton/hectare Kw2 — — crushed empty corncob
Sus 6 ton/hectare Sol 12 ton/hectare So2 — — Licorice’s roots residuals
SUpermoss 6 ton/hectare Sml 12 ton/hectare Sm2 — — organic fertilizer
control c no conditioners added

Table 2 Chemical characteristics of surface layer of studied sand dunes in Baiji district, Iraq

w(CaCO;)/

soluble ions/(mol « 171)

. .. organic
electrical conductivit O
- % matter/%  (Ca) (Mg ) c(Nat) c(K') (S0,) o(Cl ) c(CO; ) e(HCO; )
0. 32 7.64 18.38 % 0.09 2.00 0.8 0. 25 0. 36 3.10 3. 60 — 1. 20

Table 3 Physical characteristics of surface layer of studied

sand dunes in Baiji district, Iraq

density/(kg « m™*)
bulk
1601

soil particles/ %

soil texture total porosity

silt true

2 682

clay
4.3 S

sand

93 2.7

40. 3

the content of soil moisture. Another random soil
samples were collected carefully to estimate the other
studied parameters. Chemical analysis was made by
the methods mentioned by US Salinity Laboratory
Staff (1954), while organic matter analysis done by
Wakley-Black method (Jackson, 1958). Physical

analysis was carried out to estimate the following pa-

rameters: mean weight diameter as wet sieving meth-

od, which was suggested by Youker and McGuinness
(1957); disaggregation rate and the needed time for
complete disaggregation of dry aggregates by the
methods mentioned by El-Hady (1984); The per-
centage of dry aggregates (>>0. 84 mm) named by
Chepil (1950) as non-erodible particles; bulk density
and real density were estimated as cold method and
pycnometer method respectively mentioned by Black
et al. (1965); percentage of soil particles as Kilmer
and Alexander method illustrated in US Salinity Lbo-
ratory Staff (1954); soil moisture was calculated by
the weight method.

The obtained data were analyzed statistically ac-

cording to completely randomized blocks design, and
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differences among the treatment values were tested
Tables 1, 2 and 3

treatments, their symbols and the used levels and the

by Duncan test. illustrate the
chemical and physical characteristics of studied sand

dunes.

RESULTS AND CONCLUSIONS
Effects of Conditioners on Mean Weight Diameter

The results of this study as shown in Fig. 2 indi-
cate that fuel oil treatments surpass the other treat-
ments in increasing mean weight diameter and their
effects high and
reached 3.4, 4. 93 and 5. 56 mm for the first, second

are statistically significant. It
and third levels of fuel oil treatments, while it is
0. 186 mm for control treatment.

Bitumen emulsion exerts positive effects on mean
weight diameter of sand dunes, increasing the studied
parameter to a statistically significant height. It
reached 1. 44, 2. 37 and 2. 74 mm for the first, sec-
ond and third levels. In other words, it increases
mean weight diameter 8, 12, 14 times in comparison
with control treatment.

Effects of plant residuals are slight in compari-
son with oil derivatives in increasing mean weigh di-

ameter.
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Figure 2. Effects of conditioners on mean weight di-

ameter.
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Figure 3. Effects of soil conditioners on percentage of
dry aggregates.
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Effect of Soil Conditioners on Percentage of Dry Aggre-
gates

The results indicate that the percentages of dry
aggregates (>0. 8 mm) which are named as non
erodible fractions by Chepil (1950) are increased after
mulching the sand dunes by fuel oil and bitumen
emulsion.

Figure 3 shows that fuel oil treatments at all lev-
els surpass all other treatments in increasing the per-
centage of dry aggregates. They are 39.6 %, 68.3 %
and 84.1 % for the first, second and third levels re-
spectively. Other means increase 2, 20 and 25 times
respectively in comparison with control treatment.

The presence of fuel oil increases dry aggre-
Fuel oil has sticky nature that helps to connect
Also the re-

sults indicate that bitumen emulsion increased the

gates.

and join particles of the soil together.

percentage of dry aggregates in sand dunes where its
effects are highly significant (>>0. 01 p). It increases
dry aggregates 5, 6 and 10 times in comparison with

It reaches 16.5 %, 19.2 % and
34.2 % for the first, second and third levels respec-

control treatment.

tively.

The increase in percentages of dry aggregates
due to the sticky nature of bitumen emulsion plays an
important role in connecting soil particles and form-
ing soil aggregates.

Plant residuals have less effect than fuel oil and
bitumen emulsion. As shown in Fig. 2, the percent-
age of dry aggregates in the second levels Chigh con-
centrations) of the treatments is 8. 7 %, 13.8 %,
10.8 % and 14.7 % in Bk2, Kw2, So2 and Sm2 re-
spectively, while it is 3.4 % in control treatment.

From the statistical analysis, we find that there

* %

is high positive correlation (r=20. 979 ) between
the percentage of dry aggregates which its diameter is
more than 0. 84 mm in the surface layer of sand dunes

and mean weight diameter.

Effects of Soil Conditioners on Disaggregation Rates
and Needed Time for Complete Disaggregation of Dry
Aggregates

Fuel oil treatments surpass all other treatments
in reducing disaggregation rates. Its effects are sta-
tistically significantly high at all its spray levels as
shown in Fig. 4. The differences in disaggregation
values among control treatment that is —21. 3X 10 *
and fuel oil treatments are so high, which reach
—6.7X10°%, —2.6X10 % and —1 X 10’ for the

first, second and third levels of fuel oil treatments,
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Figure 4. Effects of soil conditioners on disaggrega-
tion rates.

respectively.

Bitumen emulsion also decreases disaggregation
rates in its treatments which reach —10.8X 1077,
—8.6X10"? and —6.4 X 10° for its three levels of
spraying, in other words, reducing the disaggrega-
tion rates by 1.9, 2. 4 and 3. 3 times in comparison
with control treatment. Decrease in disaggregation
rates is accompanied with the increase in spraying
levels.

Disaggregation rates decrease due to the increase
in soil aggregation and the stability of the aggregates.
Bitumen emulsion has sticky nature that lets it con-
nect and join soil particles and form the soil aggre-
gates (De Boodt, 1972). Plant residuals decrease the
disaggregation rates and their effects are in the third
place after fuel oil and bitumen emulsion. Disag-
gregation rates in their treatments reach — 14, 9 X
107°, —14.6X10°, —14.6X10 * and —13. 3 X
107* for the second levels of Bakaz, Kawaleh, Sus
and Supermos.

Statistical analysis indicates negative high corre-
lation (r=0.961" ") between disaggregation rate and
mean weight diameter. There is also a negative high
correlation (r=—0. 971" ") between disaggregation
rates and the percentage of dry aggregates (=>0. 84
mm).

Generally, soil conditioners increase the needed
time for disaggregation as shown in Fig. 5 where that
fuel oil treatments surpass all treatments in increas-
ing the needed time for complete disaggregation of
dry aggregates.

Fuel oil treatments need 390, 1 440 and 3 256
for three levels of those treatments respectively for
the complete disaggregation of the dry aggregates.
The increase in the needed time is due to the nature
and characteristics of fuel oil material, which has a

sticky behavior.
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Figure 5. Effects of soil conditioners on needed time
for complete disaggregation.

The results also show that bitumen emulsion
treatments are in the second place in increasing the
Those

treatments in the first, second and third levels needed

needed time for complete disaggregation.
145, 201 and 363 for complete disaggregation.

The effects of plant residuals are slight in in-
creasing the needed time for complete disaggregation.
There is a big difference between its effects and the
effects of oil derivatives, especially fuel oil. Statisti-
cal analysis shows a positive high correlation (r =
0.975* ") between the needed time and mean weight
diameter, and a positive high correlation (r =
0.996" ") between the needed time and the percent-
age of dry aggregates.

Effects of Soil Conditioners on Bulk Density and
Porosity

The results of this study indicate as shown in
Fig. 6 that the fuel oil treatments (especially in the
first and second levels) decrease the bulk density of
surface layer of sand dunes, and their effects are
highly and statistically significant. It reaches 472 and
1 508 kg/m?® respectively, while it is 1 601 kg/m® for
the control treatment.

The three levels of fuel oil treatments decrease
the bulk density by 8.1 %, 5.9 %, and 2.7 % re-
spectively. Its most important effect is in the first
level of mulching, which is due to the improvement
of aggregation formation and structure and the in-
crease in porosity percentage as well.

Figure 7 shows that the first level of fuel oil
treatments increase the total porosity, it reaches 11. 9
% in comparison with control treatment, while it
reaches 8. 6 % and 4. 0 % for the second and the
third levels respectively. The effects are high and
statistically significant in the first and the second lev-

els, while it is not significant in the third level. The
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Figure 6. Effects of soil conditioners on bulk density.
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Figure 7. Effects of soil conditioners on porosity.

decrease in the total porosity and the increase in the
bulk density values with the increase of fuel oil mulc-
hing levels are due to the nature of that material
whereas cause to close the pores (Emerson, 1959).
The results of this study show that the effect of bitu-
men emulsion is not significant statistically. We can
refer that to the method of its spraying as a mulch.
The plant residuals decrease bulk density, and there

is no big difference among its effects.

DISCUSSION

The study’s results indicate that the used condi-
tioners have not the same effects on the natural vege-
tation cover, where the effect of oil derivatives is
negative and does harm to natural vegetation cover,
while the effect of plants residuals is positive.

Oil derivatives, espically fuel oil, decrease the
natural vegetation cover by large degree particularly
at its second and third levels of spraying. That level
prevents the growth of natural vegetation by large
degree, which is due to the little moisture content in
the treatments. So there was not enough water con-
tent which is necessary for emergence and growth of
local weed seed. The fuel oil layer, which covers
sand dunes surface, acts as obstacle against rainwater
in its penetration into the soil; subsequently, the soil

has not enough moisture content for the growth of
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weed seeds. These results agree with the results of
Zak and Wagner (1967). This property of fuel oil (as
inhibitor of vegetation cover) is not suitable for sand
dunes stabilization because it prevents the water pen-
etrating into the soil.

Bitumen emulsion also has a bad effect on natu-
ral vegetation cover albeit, and its effect is less than
fuel oil's effect and this bad effect becomes stronger
with increasing of mulching levels. Results indicate
that the natural vegetation cover in the first level of
bitumen emulsion treatment is much better than the
second and the third levels treatments, which is due
to the slight thickness of bitumen layer which covers
sand dunes surface and does not prevent emergence of
local plant’s growth, while in the second and third
levels of bitumen emulsion treatments, the layer is
too thick and plays a bad role in inhibition of local
plant growth owing to its hardness to be penetrated
by emerging plant and rain water. Therefore, it re-
duces considerably the natural vegetation cover in
those treatments, despite of the good moisture con-
tents in it. Also observed, there are many new plants
under the thick bitumen’s layer that can’t break that
hard layer.

Plant residuals treatments generally have posi-
tive effects on the natural vegetation cover. They in-
crease the organic matter in the soil, consequently, it
improves soil structure, reduces bulk density and in-
creases the pores and ultimately increases soil mois-

ture.
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