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Abstract

A field experiment was carried out in agricultural field silty clay loam soil, located 10 km from the center of the town of Hillah, (32°
28724.178'N 44° 26'56.459'E), to evaluate the effect of added buffalo waste and wheat straw incubated for different periods In Distribution of
soil pore size Data of water characteristic curve Includes drainable soil pores, water-filled pores and remaining pores. The experiment was
conducted using the Randomized Complete Block Model (RCBD) with three replicates based on the split-plot model. The experiment
included three levels of incubation after 30 (P;), 60 (P,) and 90 (P;) days of mixing organic waste with soil in the main plot. While the
second plot consisted of organic waste forms and rates, including buffalo and wheat straw residues with a rate of 1% and 2% depending on
soil's dry weight. A total of 45 experimental units. Results of the study showed that the level of 2% of each type form of organic waste
resulted in a significant reduction in the ratio of drained soil pores (0.338 to 0.287 and 0.291 cm® cm™) and a significant increase in the ratio
of water-filled pores (0.291 to 0.299 and 0.309 cm’® cm™) and the ratio of remaining pores (0.371 to 0.414 and 0.399 cm’® cm™) for control
and residues of buffalo and wheat respectively. Buffalo residues and wheat residues increased the ratio of remaining concurrently, while
there were no significant differences in the water-filled ratio between the two types of wastes added at the same level. The results of the
study also, the ratio of drained soil pores decreased significantly from 0.319 to 0.297 cm’® cm™, besides the ratio of water-filled pores
increased significantly from 0.298 to 0.300 cm® cm™ and the remaining pores ratio improved from 0.383 to 0.403 cm® cm™ for each P, and

P; incubation period.
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Introduction

Because of their successful function in regulating and
governing fluid movement and storage in the soil and
providing a pore space that is essential for the biological and
physiological process of the rhizosphere, pore size
distribution of soil is of great importance in agricultural
production (Eynard et al., 2004). The pore size distribution is
more important than total porosity because of its close and

complex relationship with other soil characteristics,
especially with soil structure and stability of their
aggregations and with the volumetric distribution of

particales (Nimmo, 2004). The characteristic curve of soil
moisture is closely associated with the distribution of soil
pore size, which was the traditional method for determining
and calculating the volumetric distribution of pore (Stingaciu
et al., 2010). Nimmo (2004) has shown that the most widely
used method of measuring pore size distribution is water
holding curves that describe the action of a liquid substance
in an unsaturated porous medium by following the concept of
an efficient capillary volume that acquires or loses liquid
from a given volume of pore sizes through a curve. The
drying or wetting curve of the relationship between the
moisture content (0) and the moisture tension (V) of the
porous medium. To promote the analysis of volumetric soil
pores distribution and use of pore space in two volumetric
classes, namely: Large pores and known as air pores and
accurate pores are capillary pores, and activities are
influenced by the size distribution of pores, where capillary
forces such as cohesion and adhesion and water retention in
the micro porous system are a source of water and solute
processing, whereas a large porous system is important for
soil aeration (Eynard et al., 2004; Mujdeci et al., 2017).
While Goncalvesa et al. (2010) described three volumetric
classes of porous space based on the concept of active
porosity, the remaining pores are Crypto pores, which are
very fine pores of less than 0.2 um, retaining water with great
force resulting from the forces of molecular attraction and

charge, and small pores The pores are between 0.2 and 50
micrometres in size where the capillary forces prevail. The
wide pores are in excess of 50 micrometres. And that the
internal soil drainage is caused by the effect of the attraction
force of the earth. The stability of the pores associated to the
stability of the soil structure, and an existence of organic
matters in soil, especially in fine texture soil, has improved
the structure soil significantly, this was reflected in a good
volumetric porous distribution as the number, size and
stability of soil pores' effective diameters increased (Eynard
et al., 2004). Pagliai et al. (1985; 1998) found the time of
addition to increase the pore size and change the soil pore
system associated with increased soil cluster stability to be
significant. Noufal (2005) clarified that adding organic
matter decreases the density of the apparent soil and,
depending on the type and amount of organic matter applied,
increases the overall porosity and pores of water retention
and micro capillary pores. Asghari et al. (2009) found that
the introduction of cattle fat at 12.5 and 25 g kg levels and 6
month incubation in sandy soils above the second level of
cattle fat reduced the number of large pores (over 75
microns) and increased the number of small pores (under 30
microns). Ibrahim et al. (2015) suggested that the application
of charcoal to soil with a mud ratio of 34.18 percent had a
significant effect on the distribution of pore volumes and that
fast-pore, slow-pore, and water-saving pores were the most
important categories of pores. These three pores types are the
main parts of soil porosity and are very important for soil
fertility and plant growth. The number of fast-pore pores was
21.36, 30.69 and 25.96 %, while slow-pore pores were 14.54,
24.00 and 21.99 % and water conservation pores were 25.38
and 26.85 and 35.75 % respectively for levels 0, 5, 10 g kg
Zhang et al. (2005) showed that adding organic matter to the
soil increases small pores and reduces the size of large pores,
thereby increasing the retention of soil water. Mujdeci et al.
(2017) suggested that the application of 35 tons of green
manure and green manure using traditional 0-0.1m tillage in
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clay soils increased large pores from 0.22 to 0.24 and 0.23, as
well as small pores from 0.32 to 0.37 and 0.36 respectively
Comparative treatment, field manure and green manure. The
goal of this study is therefore to determine the effect of the
source and amount some of organic waste With a different
C:N ratio and is locally available in large quantities and
incubated in the soil for different periods in the pores size
distribution of soil and to determine the period length of time
for addition before planting under the conditions of the study.

Materials and Methods

A field experiment was carried in Babil governorate -
Hilla district, province in 1/12/2017 located at latitude
32°24.178"N and longitude 44°26'56.459"E. For silt clay
loam soil, it has been graded as Traditional Torrifluvents in
the Modern American Classification (Soil survey staff,
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2010). Before the start of the experiment, disturbed and
normal (undisturbed) soil samples from different field areas
measuring 31x12 m with a depth of 0-0.2 m were taken
randomly. The disturbed samples were well mixed and a
composite sample was taken to measure some of the soil's
physical and chemical properties as shown in Tablel. The
general characteristics of the study soil were estimated
according to the working methods listed in Black (1965),
including its physical characteristics. The distribution of soil
particle size was calculated by pipet method and the bulk
density was determined by the density bottle and the
moisture content when saturated by the gravimetric process,
using the Core method and the particle density, at the field
potential and at the wilting point under the strain of moisture
(33 and 1500 kpa) in the laboratory, using pressure cells and
relay pressure disks.

Table 1 : Some of the physical and chemical properties of the soil for depth 0-0.2 m.

Properties Measuring unit The value
Bulk density Mgm m 1.31
Partical density 2.65
Sand 192.04
Silt gmkg’ 48228
Clay 325.67
Texture Silt Clay loam
moisture content when tension 0 Kpa 45.59
moisture content when tension 33 Kpa % 30.65
moisture content when tesion 1500 Kpa 17.84
Available water 12.81
ECe dSm’' 3.5
pH 8.00
Organic matter gm kg'l 182
Carbonates mineral 226.8

The field soil was tillage of the plow of the mold board
to a depth of 0.2 m and harrowing vertically on the tillage
lines by the disk harrows, and then the field soil was settled
and divided into three equal blocks the area defined for the
experiment and a distance of 2 m between one block and
another, then each block was divided into 15 experimental
units with an area of 2 m® per experimental unit, leaving
within one duplication a distance of 1 m between one
experimental unit and another, increasing the number of
experimental units to 45 experimental units. The experiment
was designed by split-plot design using the entire RCBD
sector's entirely randomized block design (5). The
experiment included two factors, Main plot included: the
incubation period (P), which included the following periods:
after 30 (P1), 60 (P2), 90 (P3) days of the process of mixing
organic waste with soil. While the second factor (sub-plot)

included the organic waste form and amount (L): no organic
residue (control treatment) (LO). Adding buffalo residues by
1% based on soil's dry weight (L1), adding 2% buffalo
residues based on soil's dry weight (L2), adding 1% wheat
straw residues based on soil's dry weight (L3) and adding 2%
wheat straw residues based on soil's dry weight (L4). Buffalo
residue aeration was dried and milled, then sieved with a
sieve of 2 mm and put in special bags until the soil was
mixed, wheat residues were prepared after drying and
brushed using field jars to cut wheat straw into small parts,
then samples of each type of organic residue were taken and
the humidity content was measured at 65° in volume. After
sieving the sample with a sieve (2 mm) and table (2) showing
some of the chemical properties of organic residues used in
the experiment, some chemical analyzes were also performed
for each residue type described.

Table 2 : Some chemical properties of type of added organic residues.

Type of added EC Organic | Organic |y )N | TotalP | Total K C/N

organic residues pH matter carbon Ratio
DSm’ gm kg’

Buffalo residue 15 8.5 563.7 3274 13.95 7.62 11.58 23.46

Wheat straw residues 9.8 6.8 721.8 4187 7.240 1361 14.92 57.83
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The organic waste mixture was incubated in the soil for
previous incubation cycles according to its form and level of
addition to the experimental unit soil of 0.2m depth. After 50
% depletion of the available water, the experimental units
were irrigated by a free flow irrigation system to meet the
field potential by continuously sampling the soil and
assessing the weighty moisture content. According to Klute
(1965), the amount of water added is determined.

At the end of each incubation period, i.e. after 30, 60
and 90 days of mixing, soil moisture characteristic curves
were established on undisturbed natural soil samples with
core metal cylinders and disturbed soil samples taken from
the depth of 0-0.2 m from each experimental unit. This
measured the moisture tensions of the various treatments at
moisture tension values ranging from 0 kPa to 1500 kPa, as
used pressure cells (Tempe Cells) to estimate the moisture
content at voltages 0, 10, 33 and 100 kPa, enabling the use of
metal core rings containing natural soil samples and pressure
plate devices for voltages 200, 500, 1000 and 1500 kPa. They
were washed, milled and passed through a 2 mm sieve in
which special rubber rings were used for the samples, in
which disturbed soil samples were used. This is according to
the approach used by Richards (1954) in Black er al. (1965).
The approximate mass moisture content values at various
moisture tensions have been translated into volumetric
moisture content (6v) based on each treatment's calculated
bulk density values. The logarithm scale derived the
relationship between volumetric moisture content and matric
water potential. A suitable match was made with the Van
Genuchten equation (Van Genuchten, 1980) and defined the
relationship between the moisture content (0) values and the
corresponding moisture tensions (V) for different treatments
using the following relation:

6=90+(9S—90)[1+(0cw)“]m (1)

Both the 0, and 0, are residual and saturated water
content respectively, and n and m are constant experimental
parameters depending on their value of the relationship
between range (m) and distribution of pore size, assuming
m=1-1/n. The parameters for the Van genuchten equation (m,
n, r, r) are evaluated using a non-linear fitting RETC code
algorithm. Moisture characteristic curve data and the Young-
Laplace equation (Danielson and Sutherland, 1986) were
used to estimate the pore size distribution.

. 2yCosG
P, gy

That is the ¥ : moisture tension (cm), y surface tension
of the water equals 72,7 g sec”? at 20° C, o is the contact
angle between water and soil (assuming it is equal to zero),
the water density Pw (1 g cm™), the ground acceleration g
(980 cm sec™), and the effective pores radius r (cm) which
represents the value of the shortest distance between the
centre of the pores and any point of the wall of the soil pores
(from its circumference), in order to determine the pores of
an effective radius r and any strain on the soil from which to
determine the size of the porous space representing the sum
of pores discharged from the water between each of the two
consecutive moisture contents 0,, 0, the radius r is limited
between 1, and r, (Russell, 1941) according to the following
equation:

(2)

6A=0, -6, (3)

Then the ratio of the discharged porous space size to the
saturated porous space size was then calculated by dividing
the porous space size between each of the two successive
moisture content on the soil's saturation moisture content.

The values of moisture content based on volume were
used to calculate the pore size distribution, as the values of
moisture content confined between saturation and moisture
tension 330 cm, which have a radius of r greater than
0.000446 cm (<4.46p) were taken to represent large pores
(the size of the drainable soil pores) (Russell, 1941). The
values of the moisture content between 330 and 15000 cm
are limited to 0.000446-0.000146 cm (4.46-0.147p) to reflect
the size of water-filled pores in the soil. The values of 15000
cm moisture content with a radius of r less than 0.0000147
cm >) 0.147pn were taken as representing the size of the
remaining pores in the soil, and this classification was
calculated by Startsev and McNabb(2001), Eynard et al.
(2004).

Statistical Analysis

Results for statistically different properties were
analyzed using the Genstat Discovery (2012) program to
evaluate the difference between treatments similarities and
overlaps and to use the F-test and the lowest moral difference
LSD at a probability level of 0.05 to compare averages.

Results and Discussion

Effect of organic residue levels and incubation periods in
the pores size distribution of soil

Table 3 showed a significant impact of added organic
residue levels on the average ratio of drained soil pores,
which decreased from 0.338 to 0.309, 0.288, 0.314 and 0.291
for both LO and 1% and 2% for each of the buffalo and wheat
straw residues respectively. The table findings also revealed
a significant effect of the organic residue type on the
understudy characteristic values averages, as there was the
largest decrease in buffalo residue average characteristics
relative to and for both levels of wheat straw. The table
results also showed the significant effect of incubation
periods on averages of the ratio of drained soil pores, with
the highest average of the characteristic under analysis being
0.318 at the P; incubation period and the lowest average
being 0.297 under the P; incubation period influence. The
results of the interaction between the levels of organic
residues and the incubation period mentioned in Table 3
show that there are significant differences in the values of the
characteristic under analysis, with a high of 0.339 at P,L,
interaction treatment and a low of 0.272 at Ps;L, treatment
and an increase of 24.567%. The Interaction results also
showed that there are significant differences in the values of
the characteristics being tested between the two types of
residues under the influence of the same level of addiction
and for all incubation periods except for the incubation
period P; and the additional two-level incubation period P, as
well as the additional two-level incubation period of only 2%
between the two types. This result shows that buffalo
residues are superior in the amount of reduction on wheat
residues at the two incubation periods P, and P; at the
additional level of 1%, while buffalo residues surpassed the
amount of wheat residue understudy at both levels 1 and 2%
at the incubation period P;.

From table 4, the water-filled pores ratio showed a
significant influence of the additional levels of each type of
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organic residue in the average water-filled pores ratio, with
the highest average of 0.309 at the additional level of L, and
the lowest average of 0.291 at the control treatment L. The
findings also indicate significantly higher levels of L; and L,
(level 1 and 2% wheat residue) at the level of L, (no
addition). The amount of increase in water-filled pores to L,
(2% wheat residue) was also significantly superior compared
to the same level of L, buffalo residues. The table findings
also showed an increase in the average values of water-filled
pores with the increased period of incubation, but this change
was not important for all periods of incubation. The results of
the interaction between the two factors shown in Table 4
showed a significant impact in water-filled pores values with
the highest P;L4 value and the lowest P;L, value under P;L,
treatment. It was also noted through the results that, as the
incubation period increases and the degree of addition of
both types of residues increases, significant differences are
clearly expressed in the P; incubation period relative to the
P;L, control procedure, except for the PsL; treatment. It was
also found that, as compared to each other, there were no
significant differences between the two types of residues at
the same stage of addiction for all incubation times and
between the two levels of the same type.

The influence of the remaining pores ratio by the
factors used in the research showed that the results of Table 5
showed a significant impact of the additional levels of each
type of organic residue on the average values of the
remaining pores ratio, with a significant increase in the
characteristic values under study from 0.371 to 0.397, 0.414,
0.384 and 0.384 and 0.399 for both L, and 1% and 2%
control treatment for each residue of buffalo and wheat straw,
respectively. Table 5 results also showed significant
differences in the average values of the ratio of the remaining
pores between the two groups of organic residues, as the
residues of buffalo were significantly higher and both
amounts were compared to the residues of wheat. The table
results also showed the significant effect of incubation period
scoring averages of the remaining pores ratio. Under the
influence incubation period of P;, the highest average was
0.403 and the lowest average was 0.383 under the influence
incubation period of P;. This finding shows that the average
values of the ratio of the remaining pores increase
significantly as the incubation period increases. The results
of the interaction between the levels of organic residues and
the incubation period mentioned in Table 5 show that there
are significant differences between the values of the target
characteristics, with the highest value of 0.424 under P;L,
and the lowest value of 0.368 under P,Ly. The Interaction
findings also showed that there were significant differences
between the two types of residues in the values of the ratio of
remaining pores. Residues of buffalo and both levels were
significantly higher than the residues of wheat straw and for
all periods of incubation.

Results from Tables 3, 4 and 5 indicate that the
increased level of addition of both types of residues resulted
in a significant decrease in the average value of the drained
soil pores ratio and a significant increase in the average value
of the water-filled pores ratio compared to the level of L, (no
addition). This is due to the decrease in the size of large
pores due to increased organic soil content, which enhances
the quality of soil aggregates (size and type), and increases
small pores and reduces the size of large pores, resulting in
increased water conservation and retention (Zhang et al.,

2005) and reduced susceptibility The soil is drainable on the
water. It also increases the surface area of the improved soil,
raises the capillary pores ratio and therefore improves the
ability of the soil to hold water. This was consistent with the
findings of Mujdeci et.al (2017), Seguel (2013) and Pagliai
(1998). They observed a substantial reduction in the ratio of
large pores and an improvement in the ratio of water-filled
pores and the remaining pores in the soil with an increased
level of organic matter.

There were also significant differences between the two
types of organic residues at a confidence level of 5%, as
buffalo residues override in decrease the average values of
the ratio of the drained soil pores and increase the values of
the ratio remaining pores compared to the residues of wheat
and for both levels, while the level of addition L, 2%
residues of wheat) significantly in increasing the ratio of
water-filled pores compared to the same level of buffalo
residues L,. This impact on buffalo residues is due to the low
C/N ratio of buffalo residues and their increased degradation,
which enhances soil construction and the distribution of pore
size in the direction of the reduced size of large pores in the
soil (Zhang et al., 2014). Reducing the water drain ability is
higher than the residue of wheat. And there is a further
increase in the number of capillary pores in the soil relative
to wheat residues. The effect of buffalo residues in the water-
filled pores ratio is also related to the role of wheat residues
in reducing soil bulk density values and increasing overall
porosity, Which is attributable to the roughness of the wheat
residue parts and the increase of their pores, thereby
increasing the ratio of water-filled pores more than buffalo
residues and this result is consistent with Zhang et al. (2012)
indicated that water-holding pores increase the residue of
wheat in this range of soil moisture characterization curves
due to the large size of the wheat residue parts and the higher
residue pieces.

The results of Tables 3, 4 and 5 also show that as the
incubation period increases, the average ratio of water-filled
pores decreases and the ratio of remaining pores increases
significantly, as well as the average stored values increase the
ratio of water-filled pores with increased incubation period.
This is due to the study of organic residues and the high
organic carbon soil content, which has enhanced the stability
of soil aggregates and increased soil porosity as a result of
increased water-filled pores and fine -capillary pores.
Therefore, the volume of large pores decreases as the number
of pores increases sharply when the pores ' diameter is
decreased, as well as due to the content of humic acid organic
humification matter and high viscosity glues that help to
increase the interaction of soil particles to form aggregates
containing internal pores (Inside the aggregate) and inter-
pores (Russell, 1971). The organic matter ratio is also raised,
which plays an important role in raising the surface area and
increasing the capillary pores of the soil due to its high
surface area and high capillary pores content (Hudson, 1994;
Khaleel er al., 1981).

It also indicates from the results of the interaction
between the levels of organic residues and the incubation
period that as the level of addition of both types of residues
increases and the incubation period increases the ratio values
of drained soil pores and the ratio values of water-filled pores
significantly increases the ratio of remaining pores. And the
results of the interaction also excellence buffalo residues in
the decrease in the ratio values of the drained soil pores and
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the ratio values of the remaining pores, while the residues of
wheat have excelled in the ratio values of water-filled pores

which are important with increased incubation period, in
particular the incubation period P;.

Table 3 : The effect of organic residue levels and incubation periods on in the ratio of the drained soil pores.

Incubation Organic residue levels

periods Ly L, L, Ls L, Averages

P, 0.339 0.323 0.302 0.324 0.305 0.319

P, 0.338 0.309 0.289 0.316 0.292 0.309

P; 0.338 0.294 0.272 0.303 0.276 0.297

Averages 0.338 0.309 0.288 0314 0.291 0.308
L.S.Dgos L L.S.Dgos P*L L.S.Dgos P

0.002 0.004 0.003

Table 4 : The effect of organic residue levels and incubation periods on in the ratio of water filled pores.
Incubation periods Organic residue levels Averages
Lo L, L, L; Ly

P, 0.292 0.293 0.296 0.301 0.307 0.298

P, 0.291 0.295 0.296 0.300 0.309 0.298

P; 0.289 0.294 0.303 0.303 0.312 0.300

Averages 0.291 0.294 0.299 0.301 0.309 0.299
L.S.DgosL L.S.Dg s P*L L.S.DgosP

0.008 0.014 0.008

Table 5 : The effect of organic residue levels and incubation periods on in the ratio of remaining pores.
Incubation periods Organic residue levels Averages
Lo L, L, L; L4

Pl 0.369 0.384 0.401 0.375 0.387 0.383

P2 0.372 0.396 0.415 0.383 0.399 0.393

P3 0.372 0412 0.424 0.394 0412 0.403

Averages 0.371 0.397 0.414 0.384 0.399
L.S.DgosL L.S.Dg s P*L L.S.DgosP
0.00276 0.00473 0.00279

Effect of organic residue levels and incubation Periods in
the moisture characterization curves of soil

The moisture characterization curves of various soil
treatments are shown in Figure 1. The figure shows a
comparison between the moisture characterization curves of
different soil treatments, and soil models increase their
ability to retain water with increased levels of addition of
each residue type and increased incubation period at all
levels of soil moisture tension (from 0.1 to 1500 kPa).
Especially when low-level moisture tension. Under the
influence of control treatments Ps;L, and P;L,, r, the
maximum volumetric moisture content at moisture tension
was 33 kPa (field capacity) of 0.4619 and 0.4578 cm® cm™.
The lowest level in the control procedure was 0.3635 cm® cm’
3, with an improvement of 27.07% and 25.94%. It is also
noted that the moisture content at high moisture tensions
(above 100 kPa) is the same behavior as each form of residue
increases the degree of addition and increases the incubation
period. The highest volume routing content at moisture
tension 1500 kPa (permanent wilting point) was 0.2693 and
0.2606 cm® cm™ under the influence of treatments P;L, and

P;L,; and the lowest moisture content was 0.2027 cm® em”
under P;L, (control treatment) An increase of 32.85 and
28.56%. It is also noted that in buffalo residues, as the
incubation period increases, the water tension is higher than
and for both levels of wheat straw. Changes in water volume
kept at different moisture tensions are due to changes in
pores volume distribution due to changes in organic soil
content. The reason for the increase in volumetric moisture
content with the increased level of addition of each type of
residue and the increased incubation period is due to the
increase in the soil's ratio of organic matter resulting from the
addition of these residues, which improve soil structure,
decrease their bulk density and increase total porosity by
increasing soil aggregate stability, in addition to
decomposing added organic residues and raising the ratio of
organic humus, which plays an important role in growing the
soil's ability to retain water to extend its natural surface area,
containing a significant number of active aggregates and
increasing capillary pores resulting in increased soil retaining
potential (Hudson, 1994; Khaleel et al., 1981).
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Shape 1: The moisture characterization curves for different soil treatments.

Conclusions

From the above findings, we consider that the increase
in the level of addition of both types of residues and the
increase in the incubation period resulted in a significant
decrease in the ratio of drained soil pores and a significant
increase in the ratio of water-filled pores and remaining pores

compared to level LO (no addition), Since buffalo residues
excelled the values of drained soil pores and increased the
values of the remaining pores, wheat residues excelled
significant increasing the ratio of water-filled pores with
increased incubation period, as found Also significant effect
of the type of residues, especially incubation period P3. Such
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improvements in the distribution of pores resulted in
significant changes in the volume of water retained at various
moisture tensions due to changes in organic soil content as
significant changes occurred between the  water
characterization curves with different soil treatment, and soil
samples are increasingly capable of retained water with
increased levels of addition of each residue type and
increased incubation period at all levels of soil moisture
tension (from 0.1 to 1500 kPa), especially at low moisture
tensions.
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