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Agricultural expansion and desert reclamation are considered the most important projects influencing the
development agenda in Egypt. Most of the new reclaimed lands are located in arid and semi-arid regions, which suffer
from crusting. This phenomenon is a process by which a compact layer or thin mantle of consolidated soil particles is
formed at the soil surface. They result in water loss, soil erosion, seedling emergence difficulties and water infiltration
problems into the soil. Crust formation leads to deterioration in soil characteristics and productivity. Nanotechnology
is a new area of research with the potential to contribute to various areas of scientific investigation, including natural
resources and soil conservation. The objectives of this research were selection and synthesis of suitable nanomaterial
for use as a soil conditioner for controlling soil surface crust formation. Additionally, this study aimed to determining
of optimum application rate and examining the toxicity of this material on Earthworm and mice. The result showed
appropriate use of Sulfonated polyaniline (SPANI), for the first time, as a soil conditioner for controlling soil surface
crust formation from the use of polyaniline (PANI). The optimum rate of (SPANI) was 0.678%, which gave the lowest
values of the soil resistance to penetration. The germination rate of corn after 5 days of sowing was 100% for SPANI
treatment, but in the case of control treatment the same percentage was achieved after 12 days from sowing. This
means that the rate of occurrence was 20% for SPANI compared with control treatment which was11% .On the other
hand, using the proposed rate of SPANI provided a germination rate of wheat by 60% and increased the rate of
occurrence to 22.8% compared to the control treatment which was 13.5%. The toxicity test showed that the
concentration of a substance that is (LC50) lethal to 50% of the earthworm was 1.13%. This indicates that using
sulfonated polyaniline (SPANI) at the optimum rate would be safe. The oral LD50 of SPANI was 206.64 mg / kg body
weight of mouse which classified as moderately toxic.

INTRODUCTION
Soil crusting is a worldwide problem that occurs under
a wide range of soils and climatic conditions. This
problem affects seedling emergence and reduce soil
infiltration rate causing loss of water and crop yield
(Kebede et al., 2012).
A soil crust is a thin, dense, hard layer at the soil
surface. Crusts are characterized by greater density and
shear strength than regular
soil. Also, soil
crusts have finer pores and lower saturated hydraulic
conductivity than the underlying soil. As a result, soil
crusts interfere with seedling emergence, hamper gas
exchange between soil and the atmosphere, reduce
infiltration and encourage runoff and erosion. Because of
their role in sealing the soil surface to water infiltration,
crusts are often referred to as seals when wet. There are no
*Corresponding Author’s E-mail: rasha_youssef@yahoo.com

clear morphological or developmental criteria for
distinguishing crusts from seal (Shainberg, 1992).
The capability of a soil to form a seal or surface crust
depends on the aggregate stability (LeBissonnais, 1996).
The aggregate stability is affected by the complex
interaction of different internal soil properties and also by
external factors (Amezketa, 1999; Barthes et al., 2008;
Martínez-Gamiñoand Walthall, 2000; Pagliai, 2003; Six et
al., 2004). Among the internal factors are: soil organic
matter (SOM), texture, clay mineralogy, cations, moisture
content, salinity, oxides and hydroxides of Fe and Al,
CaCO3, Mg and gypsum (Amezketa, 1999;Lado et al.,
2007; Wakindiki and Ben-Hur, 2002). External factors
that have received attention include: the intensity of
rainfall, the gradient and length of slopes, electrolyte
concentration, and type of cation of the rainwater, in
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addition
to
the
soil
management
practices
(AssoulineandBen-Hur, 2006; Pagliai, 2003).
Several methods were studied and implemented to
minimize the effects of soil surface crust with varying
degrees of success. These methods include changing
characteristics of the irrigation system by using smaller
sprinklers that require lower operating pressure, resulting
in, smaller water droplets, and relying on overlapping of
water jets to increase irrigation uniformity (Silva et al.,
2007). Other approaches include, reducing intervals
between irrigations (Bradford and Huang, 1992),
maintaining crop residues on the soil surface (Al-Kaisi et
al., 2009), applying minimum tillage techniques (Soil
Quality Indicators, 2008), breaking soil surface crust
(Minnesota crop eNews, 2007) and using soil conditioners
(Wu et al., 2010). A new approach to minimize crusting,
which has not been fully investigated yet, is the use of
nanoparticles.
Nanotechnology
is
a
promising
field
of
interdisciplinary research. It opens up opportunities in
various applications such as agriculture and natural
resources management. For instance, ahydro gel based
Nano-clay for use as growth media additive in pot plants
and small scale cultivation (Boroghani et al., 2011and
RamPrasad et al., 2014). In natural resources,
nanotechnology has numerous applications for the
synthesis of materials to stabilize sandy soil to maintain
water and control erosion (Oztas et al., 2002).
Conducting polymers (CPs) with their unique
properties have been incorporated into various
applications (Shirakawaet al., 1977, MacDiarmidet al.,
1993, Minet al., 2000 and Kollaet al., 2005). In the bio
medical field, CPs combine the attractive properties of
plastics, i.e., easy processing, adjustable physical and
chemical properties (adhesion, wettability, surface charge,
etc.), with the electrical properties of metals. They also
offer a more biocompatible choice than conventional
metals (Kamaleshet al., 2000).Moreover, by incorporating

certain biomolecules (growth factors, enzymes, antibodies,
etc.) as dopants, cellular activities can be further
controlled (Hodgsonet al., 1994 and Hodgsonet al., 1996).
Polyaniline (PANI) is a very popular conductive
polymer, which has been rediscovered in recent years.
Detailed studies revealed its chemical structure and the
different oxidation states it can assume under different
conditions (Shirakawaet al., 1977 and Kollaet al.,
2005).Our interest in SPANI and its properties is
attributed to the fact that introducing -SO3H improves
SPANI solubility without substantially sacrificing
conductivity. In the meantime the conductivity of SPANI
is independent of external protonation in a broad pH
range. Additionally, the covalent bonded -SO3H dopant
will not be released to affect the bio- medium.
Furthermore existence of -SO3H on the phenyl rings
improved the environmental stability of polyaniline
(PANI) due to its strong electron-withdrawing properties.
It has been shown that SPANI has better thermal
stability than PANI doped with HCl (Yueet al.,
1990;Yueet al., 1991;Weiet al., 1996 and Shimizuet al.,
1997). There are many ways to synthesize SPANI, by
utilizing either chemical or electrochemical oxidation, or
simply exposing the emeraldine base form of PANI to
fuming sulfuric acid (Mavet al., 1999). Biological
applications of CPs are still a relatively new area of
research. Our main aim is to understand the effects of
introducing CPs as soil conditioner for controlling soil
surface crust formation with good cytocompatible and
easy processing into this area.
MATERIALS AND METHODS
Selection and synthesis of suitable nanomaterial
Two types of organic polymers namely; polyaniline
and sulfonated polyaniline were tested for use as a soil
conditioner that reduced soil surface crust formation.

Polyaniline
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Polyaniline sulfate

Synthesis of polyaniline
High molecular weight PANI can be produced
by room temperature oxidation of aniline with
ammonium persulfate, in agreement with the
method reported in Ref. (US Patent, 1996). Aniline
(37.2 g, 0.40 mol) was added under mechanical
stirring to a 400 ml solution of 1 M HCl.
separately, 91.2 g (0.40 mol) of ammonium
persulfate [(NH4)2S2O8] were dissolved in 240 ml
of distilled water. The persulfate solution was
added to the aniline solution. The reaction mixture
turned blue and became very viscous with a weak
evolution of heat. It was mechanically stirred for
one day and then it was filtered, washed with
water, de doped with an excess of 37% ammonia
solution followed by water and acetone. After
drying the yield was quantified.

filtered and washed several times with ice water
until a constant pH was achieved (to remove excess
acid). The residue was then dried in a vacuum oven
at 60oC for 48 h. Finally, the dried powder was
rewashed using methanol and dried in a vacuum
oven at 60oC for 48 h. This sulfonated PANI is
designated as SPANI.
Soil Properties
Soil samples were collected from El-Hammam
agricultural experiment station located at west of
Alexandria. The soil was collected from the top
layer, 10 cm depth, using a shovel transported
handled in heavy-duty polyethylene bags(1.6 mm
thick) before transported to the soil laboratory for
the study.

Synthesis of sulfonated polyaniline
The PANI synthesized using the earlier
methodology was placed into a beaker with excess
fuming H2SO4, and the mixture was stirred with a
magnetic stirrer for 6 h at room temperature (25
o
C). The mixture was then slowly poured into ice
water (75: 25), and a green precipitate was then

The soils mechanical analyses were carried out
using the hydrometer method. Calgon (37.5 gm
sodium hexametaphosphate + 12.5 gm sodium
carbonate) was used as a dispersing agent (Piper,
1950). The soil texture was classified using the
soil-texture triangle according to FAO (1970). Soil
physical properties,such as bulk density (B.D),
permanent welting point (P.W.P), field capacity
(F.C), saturated hydraulic conductivity (ks) and
basic infiltration rate (I), were determined
according to (Black et al. (1982) and Klute
(1986)).Table (1) has shown some soils physical
analyses.
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Table (1) soils physical analyses
Depth
cm

0-10

Particle size distribution%
sand

silt

Clay

70

8

22

Texture

BD
gm/cm3

P.W.P%
m3m-3

F.C
ks
%
mmh-1
3 -3
mm

I
mmh-1

Sandy Clay Loam

1.35

13.78

24.33

27.682

Chemical analysis of the soil was conducted in
Soil and Water Science Department, Faculty of
Agriculture, Alexandria University. Some soluble
cations (Ca++, Mg++, Na+, and K+) and anions
(Hco3-, So4- - and Cl-) were measured in the soil
extract according to (Page, 1982) as well as pH and
Table (2) soils routine analyses
Depth PH
Ec
Cations(meq/l)
Cm
Ds/m
0-10

7.15

4.57

electrical conductivity (EC). Total Calcium
carbonate content (CaCo3%) was determined using
the volumetric calcimeter method (Black, 1965).
Organic matter content (O.M %) was determined
using Walklay- Black method (Walklayet al.
(1934),as shown in table (2).

Anions(meq/l)

Ca++

Mg++

Na+

K+

Hco3-

So4- -

Cl-

12.4

7.4

36.96

1.82

2.4

17.6

25

A series of laboratory experiments were conducted
at Soil Laboratory, Agricultural Engineering
Department, Faculty of Agriculture, Alexandria
University, to investigate the effects of adding of
polyaniline (PANI) and sulfonated polyaniline
(SPANI) on soil surface crust formation.
Determine the suitability of PANI and SPANI
for controlling soil surface crust formation and
determine of the optimum application rate
Preliminary testing of PANI and SPANI
polymers

22.57

O.M %

O.C %

CaCo3
%

1.03

0598

19.619

1.59 mm diameter (1/16 in.) (Rolston et al.,
1991).The result showed that all PANI levels
increased soil penetration force. On the other hand,
SPANI decreased soil penetration force and the
minimum value was between zero and 1%,
accordingly, the experiment was repeated with
another 7 mixing ratios of SPANI to determine the
mixing optimum rate (No mixing, 0.485%, 0.582%,
0.679 %, 0.776%, 0.873%, and1 %). The
measurements were performed after1,2, and 3 days
from irrigation.
Germination and seedlings occurrence rates

Four mixing ratios of PANI and SPANI were
used (1%- 1.5% - 2% - 2.5%) in addition a control
treatment with no mixing.The application rates
were determined, by weight, using the weight of
the soil placed in the container by using the value
of bulk density 1.35 gm/ cm3 as measured in the
field and the volume of the soil in the container.
Soil penetration force measurements were
conducted after 1, 2, and 3 days from irrigation by
aneedle penetrometer with a cylindrical flat- tip,

Laboratory experiments were conducted in soil
without treatment and soil treated by 0.679%
SPANI. The tests were conducted in cylindrical
containers, 12 cm diameter and 10 cm height. The
containers were planted with corn and wheat seeds
at 2 cm depth from the surface. The containers
were placed in a horizontal position before they
were irrigated.
Gupta and Yadav (1978) proposed the following
equation for determining the rate of occurrence of
seedling emergence:
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where
Cv : the rate of occurrence of emergence.
A1 : the number of seedling marked on first day ,
A2,……,An the number of additional seedling
marked on subsequent days.
T1 : the time in days after sowing till the first day of
seedling emergence , and T 2, …..,Tn represent the
time after sowing till days when seedling
emergence
Toxicity Testing
Toxicity tests were performed by determining
the oral dose that kills 50 of the test mice, (LD50),
and the concentration that is lethal to 50% of
earthworm (LC50). The exact LD50 and LC50
were interpolated from the plotted concentrations
and the corresponding mortality percentages were
determined.

LD50 TEST
Twenty mice were selected for the test based on
health and initial body weights (BW). Individual
oral doses were calculated based on BWs., three
doses: (100, 250 and 400 mg / kg body weight)in
addition to the control were tested using stainless
steel ball-tipped gavage needle attached to an
appropriate syringe. After administration, each
animal was returned to its designated cage. Feed
was replaced approximately 3 hours after dosing.
The animals were observed for mortality, signs of
gross toxicity and behavioral changes at
approximately one hour after dosing and at least
once daily for 3 days. The relationships between
different doses and the mortality percentages was
plotted to determine LD50 according to Finney,
1952.
RESULT AND DISCUSSION

LC50 TEST
Soil penetration force
LC50 was using earthworm. Eight mixing ratios:
(0.25, 0.5, 0.75, 0.8, 0.9, 1, 1.25, and 1.5 %) of
SPANI in addition to the control were mixed with
the soil. The mortality percentage was measured
every day for 3 days and the relationship between
different concentration and the mortality
percentage was plotted to determine LC50
according to Finney, 1952.

The effect of different levels of PANI on soil
penetration force is presented in figure (1). The
data showed soil penetration force increased
exponentially when increases interval after
irrigation due to decreases water content. None of
the PANI polymer levels reduced soil penetration
force below the control. On the other hand, SPANI
addition has shown to have an adverse effect on the
soil penetration forces presented in figure (2).

Figure (1) The effect of different levels of PANI on soil penetration force
Figure (2) show the effect of SPANI on soil penetration force. The data showed that adding 1% SPANI
decreased the penetration force by 33.2%, 21.15%, and 19.15after 1, 2, 3 days from irrigation compared with the
control treatment. However, increasing the SPANI ratio increased soil penetration force.
www.unifiedjournals.org
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Figure (2) The effect of different levels of SPANI on soil penetration force
Figure (3) showed that, between the levels tested, the optimum rate of SPANI mixing was 0.678% which
decreased the penetration force by 91.5% , 79%, and 33.2% after 1, 2, 3 days from irrigation compared with the
control treatment.

Figure (3) The effect of different levels of SPANI on soil penetration force

Germination and seedlings occurrence rates for
corn and wheat
Table (3) shows the effect of mixing SPANI, at the
optimum rate of 0.678%, on the germination and
seedlings occurrence rates for corn and wheat as
compared to the control (no SPANI). The
germination rate of corn were 100% for both

control and the SPANI pots, but the rate of
occurrence increased from 11% in the control to
50% for the SPANI pots. On the other hand, the
germination rate of wheat was 50% for control and
80% for SPANI pots. Also, the rate of occurrence
increased from 13.5%in the control to 22.8% for
the SPANI pots.
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Table (3) The effect of the optimum adding rate of SPANI (0.678%) on the germination rate and rate of
occurrence for corn and wheat.
Toxicity Test
Figure
(4)
shows
the
different
concentrations tested and the corresponding
mortalities. These data points were used to
determine the LC50 for SPANI through curve

fitting. The LC50 was found to be 1.13%. This
indicates that using sulfonated polyaniline (SPANI)
at the optimum rate of 0.678% would be effective
for controlling soil surface crust and also safe for
use.
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Extrapolation beyond the covered range is not recommended
Figure (4) determine the concentration of a substance that is lethal to 50% of the earthworm (LC50)
Similarly, figure (5) shows the different SPANI doses and the corresponding mortalities. The oral LD50 of
SPANI was determined, as described earlier, to be 206.64 mg / kgBW. It is classified as moderately toxic.

Extrapolation beyond the covered range is not recommended
Figure (5) determine the oral LD50
CONCLUSIONS
In general, we can conclude that the use of
sulfonated polyaniline (SPANI) as a soil
conditioner for controlling soil surface crust is
appropriate from the use of polyaniline (PANI).
The optimum rate of (SPANI) was 0.678%, which
gave the lowest values of the soil resistance to
penetration. The germination rate of corn after 5
days of sowing was 100% for SPANI treatment,
but in the case of control treatment the same
percentage was achieved after 12 days from
sowing. This means that the rate of occurrence was
50% for SPANI compared with control treatment
which was11% .On the other hand, using the

proposed rate of SPANI provided a germination
rate of wheat by 60% and increased the rate of
occurrence to 22.8% compared to the control
treatment which was 13.5%. The toxicity test
showed that the concentration of a substance that is
(LC50) lethal to 50% of the earthworm was 1.13%.
This indicates that using sulfonated polyaniline
(SPANI) at the optimum rate would be safe. The
oral LD50 of SPANI was 206.64 mg / kg body
weight of mouse which classified as moderately
toxic. Finally, it may be recommended that more
work is needed to be done for obtaining the
absorbing rate of SPANI in the plant to determine
the rate of toxicity to plants and human.

REFERENCES

and Sampling. ASA-SSSA, Agronomy Monograph
9: 374-390.
Black, C.A., Evans, D.D., Ensinger, L.E., White J.L.,
and F.E. Clark. 1982. Methods of Soil Analysis.
American Society of Agronomy Publishers,
Madison.
Bradford, J.M., and Huang, C. 1992. Physical
components of crusting. p. 55–72. In M.E.
Sumner and B.A. Stewart (ed.) Soil crusting:
Chemical and physical processes. Lewis
Publishers, Boca Raton, FL.
Boroghani, M.; Mirnia, S. K.; Vahhabi, J.; Ahmadi,
S. J.; Charkhi, A.Nanozeolite Synthesis and the
Effect of on the Runoff and Erosion Control under
Rainfall Simulator.Australian Journal of Basic &
Applied Sciences;2011, Vol. 5 Issue 12, p1156.
FAO, Food and Agriculture Organization of the
United Nations, 1970.physical and chemical
methods of soil and water analysis.SoilsBulletion
No. 10, FAO, Rome, Italy.
Finney . D.J. 2 nd ed. cambridge. Cambridje
University Press, 1952.Probit analysis.

Al-Kaisi, Mahdi; Hanna, H. Mark; and Licht, Mark
A., "Resource Conservation Practices: Soil
Erosion and Water Quality" (2009). Agriculture
and Environment Extension Publications.Book
155.
Amezketa, E., 1999. Soil aggregate stability: a
review. J. Sustain. Agric. 14, 83–151.
Assouline, S., Ben-Hur, A., 2006. Effects of rainfall
intensity and slope gradient on thedynamics of
interrill erosion during soil surface sealing. Catena
66, 211–220.
Barthes, B.G., Kouakoua, E., Larre-Larrouy, M.C.,
Razafimbelo, T.M., de Luca, E.F.,
Azontonde, A., Neves, C., de Freitas, P.L., Feller,
C.L., 2008. Texture and sesquioxideeffectson
water-stable aggregates and organic matter in
some tropical soils.Geoderma143, 14–25.
Black, G.R. 1965. In: C.A. Black (ed.) . Methods of
Soil Analysis, Part 1. Physical and Mineralogical
Properties, Including statistics of Measurement

www.unifiedjournals.org

J. Soil & Water Con.

P a g e |9

Kebede, F.,Mekonnen E., Taha N., Verdoodt A.,
and Van Ranst E.,2012. Surface soil crust types,
properties and their response to ameliorants inthe
irrigated field of Eastern Ethiopia.Geophysical
Research AbstractsVol.14, EGU2012-12385.
Klute, A. and C. Dirksen. 1986. Hydraulic
conductivity and diffusivity: Laboratory methods.
687-734. In: A. Klute (ed.). Methods of soil
analysis.Part 1.Agronomy 9. ASA and SSSA
PUBLISH. Madison, WI.
Lado, M., Ben-Hur, M., Shainberg, I., 2007.Clay
mineralogy, ionic composition, and pH effectson
hydraulic properties of depositional seals. Soil Sci.
Soc. Am. J. 71, 314–321.
LeBissonnais, Y., 1996. Aggregate stability and
assessment of soil crustability and erodibility. 1.
Theory and methodology. Eur. J. Soil Sci. 47,
425–437.
Martínez-Gamiño, M.A.,Walthall, P.M., 2000.
Physical,
chemical,
and
mineralogical
propertiesaffecting soil crust formation in soils of
Mexico and Louisiana, USA. Terra 18(3), 179–
185.
Öztaş, T., A.K. Özbek and E.L. Aksakal, 2002.
Structural developments in soil treated with
Polyvinylalcohol. International Conference on
Sustainable Land Use and Management, Soil Sci.
Soc. of Turkey Int. Symp., pp: 143-148.
Page, A.L.(ed.). 1982. Methods of soil analysis.
Agron 9, part 2 : Chemical and mineralogical
properties, 2 nd ed., Am. Soc. Agron, Madison,
WI, USA.
Pagliai, M., 2003.Soil surface sealing and crusting–
soil compaction.College on Soil Physics.ICTP,
Trieste Italy (24 pp.)
Piper, C.S. 1950.Soil and plant analysis. Inter
science publication. Inc.New York.

Ram Prassad, VivekKumar , Kumar Suranjit
Prasad, 2014. Nanotechnology in sustainable
agriculture: Present concerns and future aspects.
African Journal of Biotechnology. 13 (6), pp. 705 –
713.
Rolston, D.E., M.N.A. Bedaiwy, D.T.Louie.1991.
Micropenetrometer for in situ measurement for in
situ measurement of soil surface strength. Soil
Sci.Am.J.55:481-485.
Shainberg, I. 1992. Chemical and mineralogical
components of crusting. In: Soil Crusting:
Chemical andPhysical Processes. Sumner, M.E.
and Stewart, B.A. (eds.). Advances in Soil
Science, Boca Raton,Florida. pp. 33-53.
Silva, L.L; R. Serralheiro; N. Santos,2007.
Improving Irrigation Performance in Hose-drawn
Traveller
Sprinkler
Systems.Biosystems
Engineering 96 (1), 121–127
Six, J., Bossuyt, H., Degryze, S., Denef, K., 2004. A
history
of
research
on
the
link
between(micro)aggregates, soil biota, and soil
organic matter dynamics. Soil Tillage Res. 79,7–
31.
US Pat. 5,536,473 (1996), invs.: Monkman A, Petty
MC, Alghor NE, Schully MT.
Walkley, A. and I.A. Black. 1934. An examination of
the Degtjareff method for determining organic
carbon in soils: Effect of variations in digestion
conditions and of inorganic soil constituents. Soil
Sci. 63:251-263.
Wakindiki, I.I.C., Ben-Hur, M., 2002.Soil mineralogy
and
texture
effects
on
crust
micromorphology,infiltration, and erosion. Soil Sci.
Soc. Am. J. 66, 897–905.Wu SF, Wu PT, Feng H,
Bu CF (2010). Influence of amendments on soil
structure and soil loss under simulated rainfall
China's loess plateau. Afr. J. Biotechnol. 9(37):
6116-6121.

www.unifiedjournals.org

