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ABSTRACT
The present study was carried out to evaluate the soil management and soil texture on the structure parameters and
soil water wetting rate. Six soil samples of 0-30 cm depth were selected from three different sites in the texture of
Clay, loam and Sandy loam in Basra Governorate (Abi Al-Khasib, Madinah and Zubair). Three samples represented
the treatment of soil management (soil cultivated with alfalfa crop for 7 years respectively). The other three samples
were from the same sites for uncultivated soil (bare soil), with three replicates for each sample. Soil organic matter
content, bulk density, mean weight diameter, aggregate stability percentage and water wetting rate were measured.
The results showed that the soil management factor had a highly significant effect in raising the values of OM,
MWD and WSA%. It was as a general average of 733665 gm.Kg-1 , 0.893 mm, 71.33%, respectively, and on the
other hand, soil management led to a decrease in the values of 𝛒𝐛 (1.38 Mgm.Kg-1) and WR (0.2522 cm33gm-1 min1
), and its rise in uncultivated soil of 1.51 Mgm.Kg-1, 0.3989 cm33gm-1 min-1, respectively. While the soil texture
factor effect that the clay texture had the highest values as the average of OM (34.71 gm.Kg-1), MWD (0.8 mm) and
WSA (62.67%), followed by loam and sandy loam, respectively. While a decrease in the values of 𝛒𝐛 (1.325
Mgm.Kg-1 ) and WR (0.265 cm33gm-1 min-1) in Clay soil with a significant difference compared to loam and sandy
loam soil, and the interaction between the soil management factor and the increase in its content of silt and clay led
to an improvement the soil properties.
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تأثير ادارة التربة نسجتها في معايير ثباتية تجمعات التربة وسرعة ترطيبها
داخل راضي نديوي
. الع راق،  جامعة البصرة،  كمية الزراعة،  قدم عمهم التربة والطهارد الطائية، أستاذ
المستخلص

 تم.تهدف هذه الدراسة التعرف عمى دور كل من عاممي إدارة التربة وندجتها في بعض خصائصها ومؤشرات بظائها ومعدل سرعة ترطيب تجطعاتها
 في محافظة البصرةSandy loam, loam, Clay  سم من ثالثة مهاقع ذات ندجات مختمفة وهي00-0  نطاذج من مادة التربة لمعطق6 اختيار
 سظهات متتالية ) والثالثة7  ثالثة من هذه الظطاذج تطثل معاممة ادارة التربة ( تربة مزروعة بطحصهل الجت لطدة.الطديظة والزبير, ضطن أبي ال خصيب
, معدل القظر الطهزون, كثافتها الظاهرية, قدر محتهى التربة من الطادة العضهية.األخرى من نفس الطهاقع لتربة غير مزروعة (بهر) بثالثة مكررات

 وكانتWSA% وMWDوOM  بيظت الظتائج ان لعامل إدارة التربة تأثير عالي الطعظهية في رفع قيم كل من.ثباتية ومعدل سرعة ترطيب تجطعاتها
 عمى33.78%, 0.223mm,0.0.7gm .Kg

-1

 مقارنة بالتربة غير الطزروعة. 71.33%,0.893mm, 76.007gm.Kg

-1

كطعدل عام بهاقع

( وارتفاعها في التربة غير0.2522 cm33gm-1 min-1) WR ( و1.38 Mgm.Kg-1) 𝛒𝐛 كطا ادت إدارة التربة إلى انخفاض قيم, التهالي

OM  بأعمى القيم كطعدل للclay أما عامل الظدجة فقد تفهقت.  وعمى التهالي0.3989 cm33gm-1 min-1, 1.51 Mgm.Kg-1 الطزروعة

 في حين لهحظ انخفاض.  عمى التهاليSandy loam  وloam  تميها الظدجة, ( 62.67%) WSA ,(0.8mm) MWD, )34.71gm.Kg-1(

 وأن, Sandy loam  وloam  وبفارق معظهي مقارنة بالتربةClay ( في التربة0.265 cm33gm-1 min-1) WR, (1.325 Mgm.Kg-1) 𝛒𝐛قيم

 وخفض قيم معدلWSA%, MWD التداخل بين عامل إدارة التربة وزيادة محتهاها من الغرين و الظين أدى إلى تحدن بعض خصائصها ومظها
.(WR) سرعة ترطيب تجطعات التربة
 معدل سرعة ترطيب تجطعات التربة, ثباتية تجطعات التربة, معدل القظر الطهزون, ادارة التربة:الكلمات المفتاحية
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Introducation
Most soils of central and southern Iraq are
characterized by their weak structure and
deterioration of their physical, chemical and
fertility characteristics because of their low
content of organic matter and high salinity,
as well as the poor management of these
soils or leaving them without cultivation for
several years (bare soil), which negatively
affects their productivity (Hoshan et al,
2020). Therefore, the excellent management
of these soils by following a specific
cultivation system and the accompanying
effects of positive trends in the
characteristics of the soil itself and the
improvement of these qualities or what is
expressed by Soil health, which represents
the ability of the soil to provide the
appropriate medium for plant growth,
represented by the physicochemical,
fertility, water and aerobic qualities with
The relationship with plant life requirements
(Antisari et al., 2017). Soil structure is that
affects the absorption and water movement
in the soil, as the various components of the
soil have an impact on the stability of this
structure and on the physical properties of
the soil as it is one of the critical properties
in the soil ecosystem and is affected by
several physicochemical and biological
processes. Soil aggregates and the water
wetting rate are a function of this property
through the process of arranging,
organizing, and cohesion of soil particles,
representing the soil texture due to the
presence of organic carbon, multivalent
positive ions, and the quality of clays,
minerals and microorganisms that have a
significant effect in this process (Neelam et
al., 2010). Mahboubi et al, 1998 found that
80

one of the most important characteristics
that determine the degradation of soil
aggregates is their texture, organic matter
content, calcium carbonate, cation exchange
capacity, and ability to store moisture. Water
is also one of the most important forces
affecting the deterioration of soil aggregates
through significant changes in soil moisture
before and after the addition of irrigation
water and the occurrence of wetting and
drying processes, as well as the swelling of
the various parts of the aggregates and the
confinement of air within the pores causing
air explosions (Monroe and Kladirko, 1987).
In view of the variance in the effect of soil
components on their properties, especially
those related to the soil structure, water
absorption for their aggregates and the
impact of this on the deterioration of these
soil aggregates, This study aims to
determine the effect of some soil properties
on some of the stability parameters of their
aggregates and the water wetting rate of
these
aggregates
under
different
management conditions.

Materials and Methods
Six soil samples were collected randomly
from three different soil texture of Clay,
loam, sandy loam in Basra Governorate
sites of Abi Al-Khasib, Madinah and AlZubayr. Three of these textures represented
the treatment of soil management (cultivated
soil with the alfalfa crop for 7 years
consecutively), and the other three samples
from the same sites for uncultivated soil
(bare soil) with three replications for each
sample, to a depth of 0-30 cm. The study
used two factors. The first factor was soil
management
by
two
treatments,
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the first treatment was cultivated soil and the
second was uncultivated soil, and the second
factor was the soil texture with three
treatments, namely Clay, Loam and Sandy
loam. The number of experimental units was
2×3×3=18.
A soil sample was taken to estimate some of
the physical and chemical properties of the
soil (Table 1).
Soil samples were air-dried and sieved after
breaking up by hand at suitable moisture
through a sieve with an opening diameter of
4-9 mm to determine mean weight diameter
(MWD)
and
water-stable
aggregate
percentage ( WSA%).
The method of Van Bevel (1949), as
modified by Kemper and Rosenau,1986 was
used to determine the WSA% and MWD.
The WSA% was calculated using the
equation as follows:
)

)
)

Where M(a+s) is the mass of resistant
aggregate plus sand (g), Ms is the mass of
the sand fraction (g). and Mt is the total
mass of the sieved soil (g). The MWD was
determined as follows:

MWD is the mean weight diameter of waterstable aggregates, Xi is the mean diameter of
each size fraction (mm), and Wi is the total
soil sample mass proportion. Other soil
aggregates with the same diameter of 4-9
mm were also used to measure the water
wetting rate (WR) (Al-Ani and Dudus,
1988) using the water wetting rate device
shown in figure 1 by taking 6 soil aggregates
of the same size and nearly to a spherical
shape with a total air-dry weight of 3gm and
after placing the filter paper on the upper
opening of the water reservoir and placing a
layer of washed medium-coarse sand to
increasing the contact of aggregates with
water. The device calibrates, then the six
aggregates are quickly placed on the sand
and the time it takes for each sample to
absorb a specific volume of water is
measured, which is measured from the
graduated glass tube attached to the device.
The bulk density of the soil was estimated
by the core sampler method according to
(Blake and Hartage, 1986), and the texture
was estimated by the Pipette method. The
organic matter was estimated according to
the Nelson and Sommers 1982 method.

Figure 1. Schematic diagram of apparatus to measure the wetting rate of soil aggregates
81

Nedawi, 2022

Table 1. Some physical and chemical properties of the soil
Soil management

Cultivated

Uncultivated

Soil texture

Sand

Clay
-1

Ec

PH
-1

gm.Kg

ds.m

clay

60

340

600

6

7.36

loam

392

440

168

5.3

7.33

loamy sand

773.8

139.4

71.8

4.1

7.2

clay

60

340

600

65

7.55

loam

392

440

168

50

7.45

loamy sand

773.8

139.4

71.8

30

7.4

Statistical analysis
A factorial experiment within a completely
randomized design was used to analyze the
data. The data were statistically analyzed by
using the Gen.Stat program. The revised
least significant difference (RLSD) was used
to compare the mean of the treatments at the
probability level of 0.05.
Results and Discussions
The results of the statistical analysis of the
F-test (Table 2) show a highly significant
effect of soil management and soil texture
factors and their interaction in the values of
soil organic matter content (OM).
Figure 1A shows that the treatment of soil
management( represented by soil cultivation
with the alfalfa crop for 7 years
consecutively) (Cu) led to an increase in its
content of OM as a general average, which
was 56.337 gm kg-1, with a significant
difference compared to the uncultivated soil
(UCu) (3.397 gm kg-1). Figure 1B shows
that significant difference in soil organic
matter by using RLSD between texture
treatment, as the Clay soil (C) recorded
34.71 gm kg-1 with a significant difference
with Loam soil (L) (31.45 gm kg-1) and
Sandy loam soil (SL) (23.44 gm kg-1), which
recorded the lowest values of OM . As for
the interaction between the two factors of
soil management and its texture, shown in
82

Silt

Figure 1AB, the differences were
significantly by using RLSD between the
interaction treatments. The cultivated clay
soil (Cu) recorded the highest values 65.11
gm kg-1. In contrast, the uncultivated LS soil
treatment (UCu) recorded the lowest ( 2.68
gm kg-1) value. Generally, the soil
management processes for all the texture at
this study gave high values of OM, which
was more evident by the increase of clay and
silt particles in the soil. The reason for the
increase in OM in the Cu treatment
compared to the UCu treatment is because
of the various soil management processes,
including cultivating the soil for 7 years
consecutively with the alfalfa crop, leading
to the survival of some residues of this crop
in the soil pedon, as well as the root
secretions and other organisms coexisting
with the roots and collected in the soil
profile, which in turn leads to an increase in
OM (Deksisso, 2008). As for the rise of OM
in soil textures, according to the increase in
its content of clay and silt particles (Table
1), due to the fine particles have a high
surface area and physical, chemical and
fertility properties that help in increasing the
growth of plants and other living organisms
as well as increasing their moisture content,
which in turn increases biological shifts, and
this is reflected in an increase in OM,
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and that this rise is more evident by the
interaction of soil management processes
with the increase in the soil content of clay
and silt particles (Chan, 2005), as it was
found (Reynolds et al., 2002) that the
percentage of organic matter increases in the

soil with fine textures compared with the
coarse texture because the coarse texture is
good aeration, which increases the rate of
oxidation and decomposition of the organic
matter.

Table 2. The result of analysis of variance (ANOVA) for selected soil properties under different treatments.
Source of variation
Soil management
Soil texture
Soil manage.*Soil text.

df
1
2
2

O.M.
2.5**
3204.9**
2240.2**

𝛒𝐛
63.2**
95.26**
5.17*

MWD
569.03**
121.45**
52.3**

WSA%
1020**
143.61**
5.3*

WR.
726**
181.54**
11.4*

Figure1. Effect of soil management (A), soil texture (B) factors and their interaction( A B ) on soil
organic matter content

The results of the statistical analysis of the
F-test show that there is a highly significant
effect of each of the soil management and
soil texture factors and significant
interaction in soil bulk density (𝛒𝐛) (Table
2). When comparing the treatment of soil
management Cu with the therapy of UCu
(Fig. 2A), there is a highly significant
difference. Cu treatment recorded a decrease
in pd values of 1.38 Mgm kg-1 compared
with the UCu treatment of 1.51 Mgm kg -1
with a decreasing percentage of 8.61 %.
Figure 2B shows significant differences by
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using RLSD between soil texture treatments
in 𝛒𝐛 values, as Clay soil treatment recorded
the lowest values of 1.325 Mgm kg-1,
followed by Loam soil treatment at 1.425
Mgm kg-1, while the highest values Loamy
sand soil treatment 1.585 Mgm kg-1. In
contrast, the interaction between the factors
of soil management and its texture is shown
in Figure 2AB, where the decrease in 𝛒𝐛
varies according to the two soil management
treatments. The lowest value was 1.23 Mgm
kg-1 in the cultivated clay soil, while the
highest was in the uncultivated loamy sand
soil, while the other treatments were
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between these two treatments. The reason
for the decrease in the values of 𝛒𝐛 as a
general average in the treatment of soil
management Cu compared with the
treatment UCu is due to its high content of
OM (Fig. IA), as well as the fact that the
processes of soil management, ploughing
and crop service process lead to agitation
and dismantling of the soil, thus reducing
𝛒𝐛 (Osunbitan, 2005), Where Ding et al.,
2002 indicated that the various soil servicing
and management processes are one of the

essential factors that affect the reduction of
𝛒𝐛 values.
The reason for the decrease in the values of
𝛒𝐛 in C soil texture and its interaction with
the soil management treatment, and it
gradually rises in soil L and LS,
respectively, is due to its high content of
OM (Fig. 1B, 1AB), as the increase in soil
content of OM reduces 𝛒𝐛 because the
density of OM is low when compared with
the density of the mineral part in the soil
(Chen, 2001).

Figure 2. Effect of soil management (A), soil texture (B) factors and their interaction (AB) on soil
bulk density

Results of the statistical analysis of the Ftest (Table 2) show that there is a highly
significant effect of each of the soil
management and soil texture factors and
their interaction in the MWD values, as is
generally clear from Figure 3A and when
comparing the two soil management
treatments that the Cu treatment was with
MWD high ( 0.893 mm ) compared to the
UCu treatment, which recorded a low value
of MWD ( 0.223 mm ) with a height
percentage of 300%.
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The effect of the soil texture factor, Figure
3B shows the comparison between the
texture treatments, as it is noted as a general
average that there are significant differences
by using RLSD between all textures in the
values of MWD, where the highest value
was in clay soil (0.8 mm), followed by
Loam soil (0.605 mm) and fewer values in
Loamy sand (0.270 mm). The increase in
MWD of clay soil compared to Loam and
Loamy sand was 32% and 196%,
respectively.
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When comparing the values of MWD as a
result of the interaction between soil
management and soil texture factors. Figure
3AB shows that the highest values were in
the cultivated clay soil treatment (1.3 mm),
while the lowest values were in the
uncultivated LS treatment (UCu) (0.12 mm).

As observed as a result of this interaction,
the importance of MWD increases in all
cultivated soil treatments compared with
uncultivated soils and for all soil textures.
On the other hand, it increases with the
increasing softness of soil texture.

Figure 3. Effect of soil management (A), soil texture (B) factors and their interaction (AB) on soil
mean weight diameter

Results of the statistical analysis of the Ftest (Table 2) show that there is a highly
significant effect of each of the factors, soil
management and soil texture, on the second
parameter for describing the soil structure,
which is a water-stable aggregate percentage
(WSA%)
and significant for their
interaction in this parameter, as it is
generally clear as a general average from the
figure 4A when comparing the two soil
management treatments, the Cu treatment
had a high WSA% (71.33%) and a highly
significant difference with UCu treatment,
which recorded the lowest value (33.78%)
with an increasing percentage of 112%.
Figure 4B also shows, as a general average,
the significant difference by using RLSD
between the soil texture treatments in
85

WSA% values, where the higher values are
observed in Clay texture (62.67%) and
Loam (56%) treatments, with an increasing
percentage of 61% and 44%, respectively,
compared to the treatment of Loamy sand
texture (39%).
Figure 4B shows the interaction between the
soil management and soil texture factors in
the value of WSA%, where significant
differences are observed by using RLSD
between the studied treatments, as Cu and its
interaction with Clay texture recorded the
highest discounts of (7.9%), while the
lowest values were for UCu and its
interaction with Loamy sand texture (18%),
as it is generally clear that the increase of
clay partials in the soil texture and its
interactions
with
soil
management
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gives the highest values of WSA%. The
higher values of MWD and WSA% in Cu
treatments are compared with the UCu, soil
due to the soil management processes
represented by tillage, cultivation, secretions
of the root system and crop service
processes, which in turn, leads to improving
the soil structure parameters (Souza et al.,
2014).
As for a reason for the high values of MWD
and WSA % by increasing the clay particles
in the soil texture under this study,
especially clay soil treatment, and its
interaction with the soil management
treatment, it is because the clay particle has
a high surface area, which will lead to the

formation of more stable soil aggregates
compared to the other soil particles with a
lower surface area (Ayoubi et al., 2011),
besides the increase in clay particles that
made cementing agent with the silt particles,
sand and small initial aggregates (Neelam et
al., 2010), as well as the increase in the soil
content of OM in these treatments (Fig. 1),
The interaction between clay particles and
OM effects an essential role in improving
soil structure and increasing its aggregates
by increasing the moisture content and
providing appropriate conditions for the
effectiveness of microorganisms and the rate
of their decomposition of organic matter
(Amelung
et
al.,
1998).

Figure 4. Effect of soil management. (A) , soil texture (B) factors and their interaction (AB) on soil
water-stable aggregate percentage

The results of the statistical analysis of the
F-test (Table 2) show that there is a highly
significant effect of soil management and
soil texture factors on Aggregate wetting
rate (cm3 3gm-1 min-1) (WR) and a
significant impact of their interaction. It is
observed from figure 5A as a Cu treatment
(0.253 cm3 3gm-1 min-1) with a general
average that the WR values decreased in the
Cu highly significant difference compared
with the treatment UCu (0.399 cm3 3gm-1
86

min-1) with a percentage decrease in of 37%.
As for the effect of soil texture factor on
WR values, it is clear from the results in
Figure 5B that the lowest values were in C
soil (0.265 cm3 3gm-1 min-1) and increased
in the two soils of L soil ( 0.32 cm33gm-1
min-1) and LS soil (0.392 cm33gm-1 min-1)
respectively with significant differences by
using RLSD with a percentage decrease of
32% and 18% for the soils C and L
compared to with LS soil.
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Figure 5AB shows the interaction between
soil management and soil texture factors in
the values of WR, where it is noticed that
there are significant differences between the
interaction treatments, as the lowest values
were for the cultivated clay soil treatment
(0.20 cm3 3gm-1 min-1), while the highest
values were in the uncultivated LS soil
treatment (0.483 cm3 3gm-1 min-1).
Generally, the WR values decrease with the
increase in the percentage of clay content in
the textures under this study. The reason for
the decrease in the WR of soil aggregates as
a general average in the treatment of soil
management (Cu) is due to the high values
of OM, MWD and WSA% (Fig. 1, 3, and 4),
and low 𝛒𝐛 values (fig. 2 ), as OM effects of
reducing the soil’s wettability by forming
hydrophobic complexes (Mahboubi and Lal,
1998), as well as leading to the coating of
soil particles with organic colloids (Neelam
et al., 2010). Also, OM decreases the water

movement it is entering at the large pores,
which reduces the size of the waterconvincing pores, especially in coarsetextured soils (Osunbitan, 2005). Also, soil
management affects the soil pore size
distribution by increasing the number or
density of the small pores at the expense of
the
large
water-convincing
pores
(Greenland, 1981). Soils are due to their
being factors affecting soil properties and
consequently
influencing
structure
parameters and water absorption of soil
pools (Deksissa et al., 2008). Increasing the
hydration rate of soil aggregates depends on
improving the percentage of large pore
diameters by increasing its sand content to
the degree that allows water to enter the
aggregates at a certain speed without
causing great pressure that leads to the
destruction of aggregates as a result of
reducing air explosions due to reducing the
volume of trapped air (Greenland, 1981).

Figure5. Effect of soil management (A), soil texture (B) factors and their interaction (AB) on water
wetting rate (cm33gm-1 min-1).

Conclusion
Because most of the soils of central and
southern Iraq are characterized by the
deterioration of their physical and chemical
87

properties, especially their structure,
therefore, the results of this study showed
that the processes of soil management
represented in the cultivation of the alfalfa
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crop and its service operations for several
consecutive years has led to the
improvement of some soil physical
properties represented by soil structure
parameters such as MWD and WSA%
through increasing OM and decreasing 𝛒𝐛
values. This effect varies with the soil
textures. It was noted that the interaction
between the soil management factor and the
increase in the content of clay and silt led to
an improvement in the soil properties in this
study, and its effect was apparent on the soil
structure parameters, which are MWD and
WSA%. And this effect was reflected in
reducing the WR values of soil aggregates,
which is one of the improved characteristics
of water movement under field irrigation
conditions.
References
Al-Ani, A.N. and M.J. ,Dudas. 1988. Influence of
calcium carbonate on mean weight diameter
of soil. Soil and Tillage Research, 11(1): 1926.
Amelung, W., X. Zhang, R.F. Follett, H.E. Knox, and
K.W. Flach. 1998. Carbon, nitrogen, and
sulfur pool in particle size fractions as
influenced by climate. Soil Sci. Soc. of Amer.
J., 62(1): 181-127.
Antisari, L.V., C. Ferronato, E. Pellegrini, F.
Boscutti, V., De Casolo, M. Nobili, and G.
Vianello. 2017. Soil properties and plant
community relationship in Saltmarsh of the
Grado and Marona longoon (North Italy).J. of
Soil and Sediments, 17(7) :1862-1873.
Ayoubi, S., F. Khormali, K. L. Sahrawat, and A.C.
Rodrigues delima. 2011. Assessing impacts
of land use change on soil quality indicators in
a loessial soil in Golestan province, Iran. J.
Agr. Sci. Tec., 13:727-742.
Black, C. A., D. D. Evan, L. L. White, L. E.
Ensminger and F. E. Clark. 1965. Method of
soil analysis. Am. Soc. Of Agron. Madison,
Wisconsin, USA. 9. Part 1. and 2.

88

Blake, G.R. and Hartge, K.H. (1986) Bulk density
methods of soil analysis, Part 1, Physical and
Mineral Method. Ed. by A. Klute, 363-382.
Chan,T.P. 2005. Modeling of Coarse textured soils
and their hydraulic properties. Ph.D. thesis
Purdue University. P.177
Chen, C. and W.A. Payne. 2001. Measured and
modeled unsaturated hydraulic conductivity
for a Walla Silt Loam . Soil Sci. Soc. AM. J.
65:1385-1391
Deksissa, T., I. Short, and J. Allen. 2008. Effect of
soil amendment with compost on growth and
water
use
efficiency
of
Amaranth.
In: Proceedings of the UCOWR/NIWR
Annual Conference: International Water
Resources: Challenges for the 21st Century
and Water Resources Education.
Ding, G., J. M Novak, D. Amarasiriwardena, P. G.
Hunt, and B. Xing. 2002. Soil organic matter
characteristics as affected by tillage
management. Soil Sci. Soc. of Amer. J., 66(2).
: 421-429.
Greem Land, D. J. 1981. Soil management and soil
degradation. J. Soil Sci. 32:301-322
Hoshan, M. N., D. R. Nedewi and M. M. Yassin.
2020. The effect of the time period among
washes, the wash water quality
and
percentage of addition on the bulk density
values and mean weight diameter of salt
affected soil. European J. of Molecular and
Clinical. V.7, I. 10. :687-734
Kemper, W.D. and R.C. Rosenau.1986. Aggregate
stability and size distribution. Part1. In.
Methods of Soil Analysis, (Ed.). Klute A.
ASA. 2nd Edition, Monograph, No. 9.,
Madison, WI. :687-734.
Mahboubi, A. A., and R. Lal. 1998. Long-term
tillage effects on changes in structural
properties of two soils in central Ohio. Soil
and Tillage Research. 45(1-2): 107-118.
Monroe, C.D. and E.G. Kladivko. 1987. Aggregate
stability of a silt loam soil as affected by roots
of corn, soybeans and wheat. Communications
in Soil Science and Plant Analysis.18(10),
:1077-1087.
Neelam, A., A. Aggarwal ,E. B. Gaur, and ., Bhalla,
E., and S. R. Gupta, 2010. Soil aggregate
carbon and diversity of mycorrhiza as affected
by tillage practices in a rice-wheat cropping

Nedawi, 2022

system in northern India. Int. J. Ecol. Environ.
Sci. 36, : 233-243
Nelson, D.W. and Sommer, L.E. 1982. Total carbon,
organic carbon and organic matter. Methods
of soil analysis, Part 2. Chemical and
microbiological properties, 2nd Edition. ASASSSA, Madison, 595-579..
Osunbitan, J. A. 2005. Tillage effects on bulk
density, hydraulic conductivity and strength of
a loamy sand soil in south western
Nigeria. Soil and Tillage Researc., 82(1), :
57-64.
Reynolds, W. D., B. T. Bowman, C. F. Drury, C. S.
Tan, and X. Lu. 2002. Indicators of good soil
physical quality: density and storage
parameters. Geoderma. 110(1-2): 131-146.
Souza, G. S. , Z. M. Souza, R. B. Silva, B. T.
Barbosa, and F.S. Araújo, 2014. Effect of
traffic control on the soil physical quality and
the cultivation of sugarcane. R. Bra. Ci.
Solo. 38(1), :135-146.

89

