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Effects of Rice Straw Incorporation on Some Physical
Characteristics of Paddy Soils
S. F. Mousavi1∗, M. Moazzeni1, B. Mostafazadeh-Fard1, and M. R. Yazdani2

ABSTRACT
The prevalent method of irrigation in paddy fields in Iran is continuous ponding, which
changes to intermittent method at the time of water shortage. Soil cracks are the main
problem in intermittent irrigation. In this study, effects of adding rice straw on some soil
physical characteristics and cracks were studied in paddy soils of the Guilan Province of
Iran. The experiment was performed as split-split plots based on a complete randomized
blocks design. Treatments included four soil textures (silty clay, silty clay loam, clay loam,
and sandy loam), seven rates of rice straw (0, 2, 3, 4, 5, 6 and 7% by weight), and three
soil moisture stages of drying conditions [primary stage (T1), initial crack stage (T2), final
crack stage (T3)]. Results revealed that soil texture, rice straw rate, crack treatments, and
their interactions had significant (P< 0.01) effects on soil moisture content, bulk density,
and time to crack formation. During the drying stage (from T1 to T3), moisture content
decreased, however, bulk density and time to crack formation increased. In silty clay soil,
addition of 2-3% rice straw expedited crack formation, and an addition of 4-7% straw
delayed crack formation. In silty clay loam soil, addition of 3-5% straw enhanced crack
formation, and addition of 6-7% delayed crack formation. The addition of rice straw in
clay loam and sandy loam delayed crack formation. In general, addition of rice straw
increased soil moisture content, decreased bulk density, and delayed crack formation.
Keywords: Bulk density, Crop residue, Paddy field, Soil moisture.

intermittent method. In the intermittent
method, after saturating the soil, irrigation is
stopped and the next irrigation is applied
when the water depth on the soil surface is
close to zero. At this stage, soil starts to
crack. In Iran, the prevalent irrigation
method of the paddies is ponding. However,
intermittent method is frequently applied
when water is deficient.
After formation of the cracks in a paddy
soil, far more water is needed to irrigate the
filed than a field without cracks. Moreover,
cracks can damage plant roots and reduce
the yield, while high soil organic matter
content can prevent cracking or reduce its
intensity. Therefore, water management in
cracked paddy fields is important.

INTRODUCTION

Over 90% of the world's rice is produced
and consumed in Asia-Pacific Region
(Papademetriou et al., 2000). In Asia, almost
84% of the water withdrawal is used for
agricultural purposes, compared to 71% for
the world. Rice represents about 45% of all
irrigated crop areas in Asia and 59% of rice
is irrigated (Facon, 2003).
More than 75% of rice cultivation in Iran
is in the Guilan and Mazandaran Provinces.
In Guilan, 230,000 ha of land are used for
rice cultivation. Water is the main limiting
factor in paddy fields. Two methods are
practiced for irrigation of paddy fields:
continuous flow of water (ponding) and
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were positively correlated with bulk density
of the same layer. Application of manure
reduced the magnitude of different cracking
parameters.
The effect of straw mulching on crack
formation during the fallow period was
investigated on an Epiaqualf and a Pellustert
in the Philippines (Cabangon and Tuong,
2000). Cracks did not close completely after
rewetting, resulting in high losses of water
(152-235 mm) during land preparation of the
control plots, i.e. no soil management
treatment. Straw mulching helped conserve
moisture in the soil profile and reduced the
mean crack width by 32% of the control.
Mulching did not significantly reduce crack
depth and the amount of water used in land
preparation.
Straw mulching minimizes soil shrinkage
by reducing evaporation from soil surface
(Hundal and Tomar, 1985). According to
Bhushan and Sharma (2002), crack volume
and surface area decreased by 36-76% and
19-37%, respectively, by long-term addition
of biomass.
One way of disposing of rice straw after
rice harvest is burning the crop residues.
According to Chan et al. (2002), burning the
crop residue reduces the amount of organic
substances. Burning wheat straw reduced
water stability of entire soil and number of
earthworms (Wuest et al., 2005). It also
reduced dry aggregates of 0.5–2.0 mm size,
but didn't affect total C, total N, or ponded
infiltration rate.
An on-farm experiment was conducted for
two years in the northern Guinea savanna of
Nigeria to evaluate the fertilizer effect of
rice mill waste (RMW) on a degraded
Alfisol (Schulz et al., 2003). The RMW was
applied at rates of 0, 5, 10, and 15 Mg ha-1
and was applied either unburnt or burnt
(farmers' practice). In both years, compound
fertilizer was broadcasted at rates of 40 kg N
ha-1, 17 kg P ha-1, and 33 kg K ha-1. The
results showed that, compared to the control
treatment (0 Mg ha-1 RMW), which yielded
0.55 Mg ha-1, maize grain yields increased
by 95% when 10 Mg ha-1 of unburnt RMW
was applied, and by 147% with 15 Mg ha-1.

According to Islam et al. (2003), water
management in cracked soil is the foremost
problem in these soils. Soil management
during irrigation is very important in order
to reduce water losses from the cracking
field, especially in areas with limited water
resources.
A study of cracking soils was conducted
to investigate soil management practices on
infiltration rate (Islam et al., 2004). It was
observed that management of cracking soils
has an enormous influence on infiltration
rate. Among the management practices, the
hand hoe operation was found to be better
than trampling to reduce cracking.
Soil bulk density depends on many factors
including texture, organic matter content,
and root depth. It has been shown that the
addition of organic amendments to soil has
improved soil structure and reduced bulk
density (Tester, 1990). Adams (1973) and
Rawls et al. (1998) showed a negative
correlation between organic matter content
and bulk density of soil.
In an experiment by Gupta et al. (1977),
soil-water retention was increased by
incorporation of sewage sludge into a sandy
soil. Most of this increase resulted from
water adsorbed by organic matter. Bulk
density decreased as the rate of sludge
addition increased.
In order to improve aeration and water
infiltration in the Middle Awash area of
Ethiopia, green manure (dolicus lab-lab),
farm manure, and bagasse were incorporated
in the soil (Girma and Endale, 1995). The
infiltration rate increased slightly after
incorporation of dolicus lab-lab. In contrast,
lower bulk density and greater total soil
porosity
were
obtained
after
the
incorporation of farmyard manure.
Hudson (1994) stated that organic matter
could absorb water up to 20 times its weight,
preventing dryness, shrinkage, and cracking
of the soil.
In a research by Bandyopadhyay et al.
(2003) it was found that all the cracking
parameters were significantly negatively
correlated with the water content of the 0–15
cm soil layer while crack width and volume
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In contrast, burnt RMW did not result in
significant yield increases. The results
indicated that unburnt RMW was a valuable
organic input if applied at rates of 10-15 Mg
ha-1 in combination with inorganic fertilizer.
In the present study, the effects of adding
different levels of rice straw to four paddy
soils on moisture content, bulk density, and
time to crack formation were investigated.

when the cracked area on soil surface in the
pot was 13-17 cm2; and T3 was the stage
when the cracked area on soil surface in the
pot was approximately 55-59 cm2. These
cracks are mainly related to a separation of
dried soil from the pot rim, even if some
small cracks form on the soil surface.
Rice straw (as crop residue) was collected
from paddy fields and cut into
approximately 2 cm pieces. The soil samples
from four paddy fields with textures of silty
clay, silty clay loam, clay loam, and sandy
loam were air dried and crushed. Each soil
was mixed with the above percentages of
rice straw and placed in large plastic
containers and then saturated. The
containers had some small holes at the
bottom so that they could be wetted or
drained. This action facilitated the
decomposition of organic matter. The
containers were kept in open out-door space
to be under normal conditions of sunshine
and rain for six months. Then, the soil of
each container was mixed with enough
water to be saturated and ready for proper
puddling. The puddled soil was transferred
to smaller pots of 16 cm diameter and 10.5
cm height. These pots had several drain
holes at the bottom. Crack formation was
monitored by measuring surface cracks or
the separation of soil from the pot rim. At
each cracking stage, the topsoil of each pot
was photographed and then the AutoCad
software was used for calculating the
cracked-soil surface (Montes, 2005).
Characteristics of Rice Straw and Soils
Organic carbon, potassium, phosphorus,
and nitrogen contents, C/N ratio of rice
straw, particle-size analysis, texture, and
organic matter content of the studied paddy
soils were determined by standard methods
in the laboratory (Black et al., 1965; Blake
and Hartge, 1986; Gee and Bauder, 1986;
Page et al., 1982; Walkley and Black, 1934).

MATERIALS AND METHODS
Experimental Site
Guilan Province, with an area of 14,711
km2 is located in the northern part of Iran
between 48° 25΄ to 50° 34΄ east longitude
and 36° 36΄ to 38° 37΄ north latitude. This
experiment was carried out in the Rice
Research Institute, 10 km from city of Rasht,
the capital of Guilan Province. This area has
an average annual precipitation of 1,369
mm, air temperature of 15.9°C, and relative
humidity of 81%.
Experimental Design and Treatments
The pot experiment was performed as
split-split plots based on complete
randomized blocks design and three
replicates. Treatments included four soil
textures as the main factor, seven rice straw
rates as sub-factor (0, 2, 3, 4, 5, 6 and 7% by
weight), and three soil moisture contents as
sub-sub factor: primary stage (T1, saturated
soil with no water standing on the surface),
initial crack stage (T2, Area of cracks on soil
in each pot= 13-17 cm2), final crack stage
(T3, Area of cracks on soil in each pot= 5559 cm2). Treatments T1 to T3 resembled
paddy fields with a shortage of irrigation
water. It should be noted that when a
saturated paddy soil is left to dry, first, water
disappears from the soil surface, and then
the drying soil starts to crack. In this
experiment, treatment T1 was the stage when
standing water disappeared from the soil
surface in the pot; treatment T2 was the stage

Soil Water Content
Soil samples were taken with cores at each
cracking stage. Samples were weighed and
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then oven-dried for 48 hours at 105°C. Dried
soil samples were weighed again. Soil water
content was computed as:

θ =(

W −W

d

W −W
d

) ×100

Data Analysis
Data were analyzed by ANOVA and then
LSD techniques using SAS software. The
significance level was 5% in all statistical
analyses.

(1)

c

Where, θ is soil water content on weight
basis (%), W is weight of wet soil sample
and cylinder (g), W is weight of dry soil

RESULTS AND DISCUSSION

d

sample and cylinder (g), and

Wc

Characteristics of Rice Straw and
Paddy Soils

is weight

of cylinder (g).
Tables 1 and 2 show some chemical and
physical properties of the rice straw and the
studied paddy soils.

Dry Bulk Density
Soil samples were taken with cylinders of
known volume at each cracking stage.
Samples were weighed and then oven-dried
for 48 hours at 105°C. Dried soil samples
were weighed again. Dry bulk density was
calculated as:

ρb =

W

s

Soil Water Content
Results showed that the effect of soil
texture on soil moisture content was
significant (P< 0.01). The highest amount of
moisture content (49.4%) occurred in silty
clay loam and the lowest moisture content
was measured in sandy loam soil (Figure 1).
The effect of rice straw rate on soil
moisture content was significant (P< 0.01).
The highest and lowest amounts of moisture
content (44.7 and 35.0%) were measured in
7 and 0% rice straw treatments, respectively

(2)

V

t

Where,
cm-3),

ρb

Ws

is dry bulk density of soil (g

is weight of dry soil sample (g),

and Vt is volume of cylinder (cm3).
Table 1. Chemical composition of rice straw.
Na
(%)
a

Kb
(%)

Pc
(%)

0.629
1.96
0.2
Nitrogen; b= Potassium; c Phosphorus, d Carbon.

Organic matter
(%)

Cd/N

1.5

24

Table 2. Particle size, texture, organic matter content, FC and PWP of the studied soils.
Soil texture
Silty clay

Sand
(%)
7

Silt
(%)
43

Clay
(%)
50

Organic
matter (%)
1.44

FC
(%W)
45.0

PWP
(%W)
29.3

Silty clay loam

15

45

40

1.95

39.0

24.1

Clay loam

39

28

33

1.05

32.8

20.2

Sandy loam

78

12

10

0.33

12.0

5.9
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Moisture content(%)
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Figure 1. The effect of soil texture on soil moisture content (% by weight).

was 56.2, 43.6, and 11.1%, respectively. The
formation and widening of cracks increased
water loss from paddy soils.
The interaction effect of soil texture and
rice straw rate on soil moisture was
significant (P< 0.01). The highest moisture
content (53.1%) was observed in silty clay
loam and 6% straw treatment, and it was not
different from 7% treatment in silty clay
texture (Table 3). In general, sandy loam had
the lowest and silty clay loam had the
highest moisture content. Nevertheless, in
almost all soil textures, the lowest and
highest values of moisture content were
measured in the control (0% straw) and 7%

(Figure 2). In general, the addition of rice
residues increased soil moisture content.
Rice residues are important natural resources
and recycling of these residues improves
physical, chemical, and biological properties
of paddy soils. Residue incorporation results
in more microbial activity than residue
removal or burning. Thus, if residues are
managed properly, it can warrant
improvements in soil properties and
sustainability in crop productivity (Mandal
et al., 2004).
The effect of crack formation on soil
moisture content was significant (P< 0.01).
Moisture content in T1, T2 and T3 treatments

Moisture content(%)

60
50
g

40

d

e

f

a

b

c

30
20
10
1

2

3

4

5

6

7

Level of rice straw (%)
Figure 2. The effect of rice straw rate on soil moisture content (% by weight).
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Table 3. Interaction of soil texture and rice straw rate on soil moisture content (%).
Rate of rice straw (%)
0 (Control)
2
3
4
5
6
7

Soil texture
Silty clay loam
Clay loam
48.04d
29.76o
d
48.04
31.6m
46.64e
34.3l
d
47.62
37.24k
c
49.79
39.69j
a
53.10
40.18j
a
52.74
42.22i

Silty clay
42.97h
43.99g
45.6f
47.83d
50.08c
51.57b
52.83a

Sandy loam
19.35s
23.63r
24.13r
23.84r
25.70q
28.00p
30.91n

Values with the same letter are not different significantly (P< 0.05).

straw treatment, respectively. This is an
important result, because in case of water
shortages, treating the paddy fields with rice
straw (instead of burning the straw, which is
farmers' common practice) preserves water
in the soil. It is well known that
incorporation of organic matter into soils
increases their water holding capacity
(Plaster, 2008). Soil texture is the main
determinant of soil water holding capacity.
However, the level of organic matter also
determines water holding capacity of a soil.
Arkansas soil scientists have reported that
for every 1% of organic matter content, the
soil can hold 16,500 gallons of plantavailable water per acre of soil down to 30
cm depth (Sullivan, 2002). Clay content of
the studied soils (Table 2) may influence
moisture content, too.
The effect of rice straw incorporation on
changes in soil moisture retention behavior
may be explained from capillary pore size
and porosity expansion point of view. The
porosity expansion is more evident for finetextured silty clay and silty clay loam soils,
when high moisture contents are measured
at higher levels of rice straw incorporation
(Table 3).
The interaction effect of soil texture and

crack formation stage on soil moisture was
significant (P< 0.01). The highest moisture
content (68.8%) was observed in silty clay
loam and crack treatment T1 and the lowest
moisture content (2.6%) was measured in
sandy loam and crack treatment T3 (Table 4).
In general, in each soil texture, crack
treatment T1 had the highest and crack
treatment T3 had the lowest moisture
content. This was because more soil
moisture had been lost through wide and
deep cracks developed in T3 treatment.
The interaction effect of rates of rice straw
and crack treatment on soil moisture was
significant (P< 0.01). The highest moisture
content (62.8%) was observed in crack
treatment T1 and 7% straw treatment, and the
lowest moisture content (9.7%) was
measured in crack treatment T3 and 7%
straw treatment (Table 5). This table shows
that in all rice straw rates, the highest and
lowest moisture contents occurred in crack
treatments T1 and T3, respectively. Also,
there is a descending trend in moisture
content in crack treatments. The reason for a
descending order of moisture content with
increasing rice straw rate in T3 is probably
due to tighter sorption of moisture by the
straw pieces in higher straw rates.

Table 4. Combined effect of soil texture and crack treatment on soil moisture content (%).
Crack treatment
T1
T2
T3

Silty clay
67.73a
54.02c
21.52g

Soil texture
Silty clay loam
Clay loam
68.85a
51.76d
b
56.62
40.89e
h
14.86
5.46i

Values followed by the same letter are not different significantly (P< 0.05).

1178

Sandy loam
36.36f
20.69g
2.63j

Rice Straw and Paddy Soil ___________________________________________________

Table 5. Combined effect of rice straw rate and crack treatment on soil moisture content (%).
Rate of rice straw (%)

Crack treatment
T2
41.31i
42.08hi
42.12hi
41.35i
42.84h
44.79g
46.92f

T1
51.11e
53.03d
53.9d
54.27d
58.23c
59.94b
62.76a

0 (Control)
2
3
4
5
6
7

T3
12.65j
12.86j
10.24kl
10.29kl
10.98kl
11.06k
9.73l

Values followed by the same letter are not different significantly (P< 0.05).

there is a tight relationship between bulk
density and moisture content in rice straw
treatments. In general, in a clay soil,
incorporation of organic matter causes clay
particles to stick together and form
aggregates; hence, bulk density is reduced.
According to Martens and Frankenberger
(1992), although addition of poultry manure
and sewage sludge contributes to a higher
soil organic matter, but the straw
amendment is more effective in increasing
infiltration rates and decreasing bulk density
in the tillage zone.
The effect of crack formation on bulk
density was significant (P< 0.01). Bulk
densities of treatments T3, T2 and T1 were
1.41, 1.12 and 1.02 g cm-3, respectively.
Formation of cracks increased bulk density,
resulting in less downward movement of
water.

Soil Bulk Density
Results showed that effect of soil texture
on bulk density was significant (P< 0.01).
The highest and lowest bulk densities (1.32
and 1.07 g cm-3) were measured in sandy
loam and silty clay loam soils, respectively
(Figure 3).
Effect of rice straw rate on bulk density
was significant (P< 0.01). The highest and
lowest bulk densities (1.38 and 1.03 g cm-3)
were measured in rice straw treatments 0
and 7%, respectively (Figure 4). In general,
the addition of crop residues decreases soil
bulk density. Adesodun et al. (2001)
emphasized the role of organic matter on
improvement of soil aggregates and bulk
density.
Comparison of Figures 2 and 4 shows that

Bulk density (gr/cm3)

1.6
c

a

b

d

1.2
0.8
0.4
0
1

2

3

4

Soil texture

Figure 3. The effect of soil texture on bulk density of soil.
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4
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Rice straw rate (%)

Figure 4. The effect of rice straw rate on bulk density of soil.

formation.
The effect of crack treatment and soil
texture on the time needed for crack
formation was significant (P< 0.01). The
greatest and the smallest time to crack
formation (52.6 days and 6.6 days) was
observed in sandy loam and crack treatments
T3 and T1, respectively (Table 7). Therefore,
considering the effect of incorporating rice
straw on delaying cracks in paddy soils, it is
possible to schedule the irrigation practices
in case of water shortage. In general, Table 7
shows that in all the studied soils, the time
needed for crack formation increased from
treatment T1 to T3.
The effect of rice straw treatments and
levels of crack treatments on time needed for
crack formation was significant (P< 0.01).
The greatest time to crack formation (56.2

Time Needed for Crack Formation
The effect of rice straw rate and soil
texture on time needed (i.e. number of days)
for crack formation was significant (P<
0.01). The greatest time needed for crack
formation (31.3 days) was observed in silty
clay loam soil and 7% straw treatment, and
the least time to crack formation (18.3 days)
was in silty clay soil and the control
treatment (Table 6). To delay crack
formation when irrigation water is deficient,
addition of more than 4% rice straw in silty
clay soil and 6-7% straw in silty clay loam is
recommended. In clay loam and sandy loam
soils, all rice straw levels delayed crack

Table 6. Combined effect of soil texture and rice straw rate on time needed (days) for crack formation.
Rate of rice straw (%)
0 (Control)
2
3
4
5
6
7

Silty clay
18.33p
20.67o
21.67m
21.67m
23.67i
26.67d
28.33b

Soil texture
Silty clay loam
21.00n
21.00n
23.00j
23.67i
23.67i
24.37g
31.33a

Values with the same letter are not different significantly (P< 0.05).

1180
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21.67m
22.00l
22.00l
24.00h
26.00f
27.00c
27.00c

Sandy loam
22.00l
22.33k
22.33k
26.33e
26.33e
27.00c
27.00c
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Table 7. Combined effect of soil texture and crack treatment on time needed (days) for crack
formation.
Crack treatment
Soil texture
Silty clay
Silty clay loam
Clay loam
Sandy loam
T1
8.43i
8.14j
7.57k
6.57l
g
e
h
T2
14.86
17.00
14.00
15.14f
c
c
b
T3
45.71
47.00
51.14
52.57a
Values with the same letter are not different significantly (P< 0.05).
Table 8. Combined effect of rice straw rate and crack treatment on time needed (days) for crack
formation.
Rate of rice straw (%)
0 (Control)
2
3
4
5
6
7

T1
5.5t
6.25s
6.5r
8.0q
8.5p
9.25o
9.75n

Crack treatment
T2
11.75m
13.25l
13.75k
15.25j
15.5i
18.00h
19.25g

T3
45.00f
45.00f
46.5e
48.5d
50.75c
51.75b
56.25a

Values with the same letter are not different significantly (P< 0.05).

2- Adding 2-7% of rice straw increased
soil moisture content as compared to the
control treatment. Silty clay soil with 7%
straw had the highest and sandy loam soil
with no straw had the lowest soil moisture
content.
3- In all studied soil textures and straw
treatments, the soil moisture content
decreased from crack formation stages of T1
to T3.
4- Addition of rice straw decreased soil
bulk density. Control treatment in sandy
loam soil had the highest and 7% straw
treatment in silty clay soil had the lowest
bulk density.
5- Formation of cracks increased bulk
density.
6- The greatest time needed for crack
formation was observed in 7% straw
treatment with silty clay soil, and the least
was in the control treatment of sandy loam
soil.
7- To delay crack formation and to
conserve water, adding 4% of rice straw in
silty clay soil, and 6-7% of rice straw in silty
clay loam is recommended to the farmers in
this region. In clay loam and sandy loam

days) was observed in 7% straw treatment
and T3, and the least time (5.5 days) was in
T1 and control treatments (Table 8). In
general, Table 8 shows that in all the straw
treatments, time needed for crack formation
increased from treatment T1 to T3. As far as
the literature was searched, no report was
found on the time needed for crack
formation after stopping the irrigation
practice.
CONCLUSIONS
The effect of seven rice straw rates on
moisture content, bulk density, and amount
and intensity of cracks in four paddy soils
was studied. The results were promising.
The conclusions drawn from this study are
summarized as:
1- Soil texture, incorporation of rice straw
(as crop residue and organic manure),
cracks, and their mutual effects caused
significant differences (P< 0.01) in soil
moisture content, bulk density, and time
needed for crack formation.
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soils, addition of all rice straw rates resulted
in delayed crack formation.
12.

REFERENCES
1.

Adams, W. A. 1973. The Effect of Organic
Matter on the Bulk and True Densities of
Some Uncultivated Podzolic Soils. J. Soil
Sci., 4: 10–17.
2. Adesodun, J. K., Mbagwu, J. S. C. and Oti,
N.
2001.
Structural
Stability
and
Carbohydrate Contents of an Ultisol under
Different Management Systems. Soil Till.
Res., 60: 135-142.
3. Bandyopadhyay, K. K., Mohanty, M.,
Painuli, D. K., Misra, A. K., Hati, K. M.,
Mandal, K. G., Ghosh, P. K., Chaudhary, R.
S. and Acharya, C. L. 2003. Influence of
Tillage Practices and Nutrient Management
on Crack Parameters in a Vertisol of Central
India. Soil Till. Res., 71(2): 133-142.
4. Black, C. A., Evans, D. D., White, J. L.,
Ensminger, L. E. and Clark, F. E. 1965.
Methods of Soil Analysis. Part 2. Agronomy
Monograph 9. ASA, Madison, WI.
5. Blake, G. R. and Hartge, K. H. 1986. Bulk
Density. Part 1. In: "Methods of Soil
Analysis", (Ed.): Klute, A.. 2nd Edition,
ASA, Madison, WI, PP. 363-375.
6. Bhushan, L. and Sharma, P. K. 2002. Longterm Effects of Lantana (Lantana Spp. L.)
Residues Additions on Soil Physical
Properties under Rice-wheat Cropping. I.
Soil Consistency, Surface Cracking and
Clod Formation. Soil Till. Res., 65: 157-167.
7. Cabangon, R. J. and Tuong, T. P. 2000.
Management of Cracked Soils for Water
Saving During Land Preparation for Rice
Cultivation. Soil Till. Res., 56: 105-116.
8. Chan, K. Y., Heenan, D. P. and Oates, A.
2002.
Soil
Carbon
Fractions
and
Relationship to Soil Quality under Different
Tillage and Stubble Management. Soil Till.
Res., 63: 133-139.
9. Facon, T. 2003. Water Management in Rice
in Asia: Some Issues for the Future. FAO
Corporate Document Repository, Regional
Office for Asia and the Pacific.
10. Gee, G. W. and Bauder, J. W. 1986. Particle
Size Analysis. Part 1. In: "Methods of Soil
Analysis", (Ed.): Klute, A.. 2nd Edition,
ASA, Madison, WI, PP. 383-411.
11. Girma, T. and Endale, B. 1995. Influence of
Manuring on Certain Soil Physical

13.
14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

1182

Properties in the Middle Awash Area of
Ethiopia. Commun. Soil Sci. Plant Anal., 26:
1565-1570.
Gupta, S. C., Dowdy, R. H. and Larson, W.
E. 1977. Hydraulic and Thermal Properties
of a Sandy Soil as Influenced by
Incorporation of Sewage Sludge. Soil Sci.
Soc. Am. J., 41: 601-605.
Hudson, B. D. 1994. Soil Organic Matter
and Available Water Capacity. Soil Water
Conserv., 49(2): 189-194.
Hundal, S. S. and Tomar, V. S. 1985. Soilwater Management in Rainfed Rice-based
Cropping Systems. International Rice
Research Institute, Los Banos, Philippines,
PP. 337-349.
Islam, M. J., Mowla, G., Islam, M. S. and
Leeds-Harrison, P. B. 2003. Model for
Efficient Use of Limited Water for Rice
Production. Pak. J. Biological Sci., 18:
1600-1607.
Islam, M. J., Mowla, G., Parul, S. S., Alam,
M. Z. and Islam, M. S. 2004. Management
of Cracking Puddle Soils and Its Impact on
Infiltration. J. Biological Sci., 4: 21-26.
Martens, D. A. and Frankenberger, J. 1992.
Modification of Infiltration Rates in an
Organic-Amended Irrigated Soil. Agron. J.,
84(4): 707-717.
Montes, G. H. 2005. Swelling-shrinkage
Measurements of Bentonite Using Coupled
Environmental
Scanning
Electron
Microscopy and Digital Image Analysis. J.
Colloid Interface Sci., 284: 271-277.
Page, A. L., Miller, R. H. and Keeney, D. R.
1982. Methods of Soil Analysis. Part 2.
Chemical and Microbiological Properties.
ASA, SSSA, Madison, WI.
Papademetriou, M. K., F. J. Dent and E. M.
Herath. 2000. Bridging the Rice Yield Gap
in the Asia-Pacific Region. FAO, Regional
Office for Asia and the Pacific, 66 p.
Plaster, E. J. 2008. Soil Science and
Management. 5th Edition, Delmar Cengage
Learning, 495 p.
Rawls, W. J., Giménez, D. and Grossman,
R. 1998. Use of Soil Texture, Bulk Density
and the Slope of the Water Retention Curve
to Predict Saturated Hydraulic Conductivity.
Trans. ASAE, 41(4): 983–988.
Schulz, S., Tian, G., Oyewole, B. and Bako,
S. 2003. Rice Mill Waste as Organic Manure
on a Degraded Alfisol. Agric. Ecosyst.
Environ., 100: 221-230.

___________________________________________________ Rice Straw and Paddy Soil

24. Sullivan, P. 2002. Drought Resistant Soil.
National
Center
for
Appropriate
Technology, Fayetteville, Arkansas, 7 P.
25. Tester, C. F. 1990. Organic Amendment
Effects on Physical and Chemical Properties
of a Sandy Soil. Soil Sci. Soc. Am. J., 54:
827-831.
26. Walkley, A. and Black, C. A. 1934. An
Examination of the Degtareff Method for
Determining Soil Organic Matter and a

Proposed Modification of the Chromic Acid
Titration Method. Soil Sci., 37: 29-38.
27. Wuest, S. B., Caesar-TonThat, T. C.,
Wright, S. F. and Williams, J. D. 2005.
Organic Matter Addition, N, And Residue
Burning Effects on Infiltration, Biological,
and Physical Properties of an Intensively
Tilled Silt-loam Soil. Soil Till. Res., 84: 154167.

اﺛﺮ اﻓﺰودن ﻛﺎه ﺑﺮﻧﺞ ﺑﺮ ﺑﺮﺧﻲ وﻳﮋﮔﻲﻫﺎي ﻓﻴﺰﻳﻜﻲ ﺧﺎكﻫﺎي ﺷﺎﻟﻴﺰاري

س .ف .ﻣﻮﺳﻮي ،م .ﻣﺆذﻧﻲ ،ب .ﻣﺼﻄﻔﻲ زاده -ﻓﺮد و م .ر .ﻳﺰداﻧﻲ
ﭼﻜﻴﺪه
روش ﻏﺎﻟﺐ آﺑﻴﺎري در ﻣﺰارع ﺷﺎﻟﻴﺰاري اﻳﺮان ﻏﺮﻗﺎب داﺋﻢ اﺳﺖ ،ﻛﻪ در ﻣﻮاﻗﻊ ﻛﻤﺒﻮد آب ﺑﻪ آﺑﻴﺎري
ﻧﻮﺑﺘﻲ ﺗﻐﻴﻴﺮ داده ﻣﻲﺷﻮد .در آﺑﻴﺎري ﻧﻮﺑﺘﻲ ،ﺗﺮكﻫﺎي ﺧﺎك ﻣﺸﻜﻞ ﺑﺰرﮔﻲ ﻣﻲﺑﺎﺷﻨﺪ .در اﻳﻦ ﻣﻄﺎﻟﻌﻪ ،اﺛﺮ
اﻓﺰودن ﻣﻘﺎدﻳﺮ ﻣﺨﺘﻠﻒ ﻛﺎه ﺑﺮﻧﺞ ﺑﺮ ﺑﺮﺧﻲ وﻳﮋﮔﻲﻫﺎي ﻓﻴﺰﻳﻜﻲ ﺧﺎك و ﺗﺮكﻫﺎ در ﺧﺎكﻫﺎي ﺷﺎﻟﻴﺰاري
اﺳﺘﺎن ﮔﻴﻼن ﺑﺮرﺳﻲ ﺷﺪه اﺳﺖ .ﻃﺮح آزﻣﺎﻳﺸﻲ ﻛﺮتﻫﺎي دوﺑﺎر ﺧﺮد ﺷﺪه در ﻗﺎﻟﺐ ﺑﻠﻮكﻫﺎي ﻛﺎﻣﻞ
ﺗﺼﺎدﻓﻲ اﺟﺮا ﺷﺪ .ﺑﺎﻓﺖ ﺧﺎك در ﭼﻬﺎر ﺳﻄﺢ )رس ﺳﻴﻠﺘﻲ ،ﻟﻮم رﺳﻲ ﺳﻴﻠﺘﻲ ،ﻟﻮم رﺳﻲ و ﻟﻮم ﺷﻨﻲ( ،ﻛﺎه
ﺑﺮﻧﺞ در ﻫﻔﺖ ﺳﻄﺢ )ﺻﻔﺮ 6 ،5 ،4 ،3 ،2 ،و  7درﺻﺪ وزﻧﻲ( و ﻣﺮاﺣﻞ رﻃﻮﺑﺘﻲ ﺧﺎك در ﺳﻪ ﺳﻄﺢ )
ﻣﺮﺣﻠﻪ ﻗﻮام ) ،(T1ﻣﺮﺣﻠﻪ ﺗﺮك اوﻟﻴﻪ ) (T2و ﻣﺮﺣﻠﻪ ﺗﺮك ﻧﻬﺎﻳﻲ ) ((T3در ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﺷﺪﻧﺪ .ﻧﺘﺎﻳﺞ ﻧﺸﺎن
داد ﻛﻪ ﺑﺎﻓﺖ ﺧﺎك ،ﺳﻄﻮح اﻓﺰودن ﻛﺎه ،ﺗﻴﻤﺎرﻫﺎي ﺗﺮك و ﺑﺮﻫﻤﻜﻨﺶ آﻧﻬﺎ اﺛﺮ ﻣﻌﻨﻲداري )در ﺳﻄﺢ (%1
ﺑﺮ ﻣﻴﺰان رﻃﻮﺑﺖ ﺧﺎك ،ﭼﮕﺎﻟﻲ ﻇﺎﻫﺮي و زﻣﺎن ﺗﺎ ﺗﺸﻜﻴﻞ ﺗﺮك دارﻧﺪ .در ﺗﻐﻴﻴﺮ از ﺗﻴﻤﺎر  T1ﺑﻪ ، T3
رﻃﻮﺑﺖ ﺧﺎك ﻛﺎﻫﺶ ﻳﺎﻓﺖ ،وﻟﻲ ﭼﮕﺎﻟﻲ ﻇﺎﻫﺮي و زﻣﺎن ﺗﺎ ﺗﺸﻜﻴﻞ ﺗﺮك اﻓﺰاﻳﺶ ﻳﺎﻓﺘﻨﺪ .در ﺧﺎك رس
ﺳﻴﻠﺘﻲ ،اﻓﺰودن  2ﺗﺎ  3درﺻﺪ ﻛﺎه ﺑﺮﻧﺞ ﻣﻮﺟﺐ ﺗﺴﺮﻳﻊ در ﻇﻬﻮر ﺗﺮك و اﺿﺎﻓﻪ ﻛﺮدن  4ﺗﺎ  7درﺻﺪ ﻛﺎه
ﺑﺮﻧﺞ ﻣﻮﺟﺐ ﺗﺄﺧﻴﺮ در ﺗﺸﻜﻴﻞ ﺗﺮك ﻧﺴﺒﺖ ﺑﻪ ﺷﺎﻫﺪ ﺷﺪ .در ﺑﺎﻓﺖ ﻟﻮم رﺳﻲ ﺳﻴﻠﺘﻲ ،اﺿﺎﻓﻪ ﻛﺮدن ﺳﻄﻮح 3
ﺗﺎ  5درﺻﺪ ﻛﺎه ﺑﺮﻧﺞ ﻣﻮﺟﺐ ﺗﺴﺮﻳﻊ در ﻇﻬﻮر ﺗﺮك و اﻓﺰودن  6ﺗﺎ  7درﺻﺪ ﻛﺎه ﺑﺮﻧﺞ ﺑﺎﻋﺚ ﺗﺄﺧﻴﺮ در
ﺗﺸﻜﻴﻞ ﺗﺮك ﻧﺴﺒﺖ ﺑﻪ ﺷﺎﻫﺪ ﮔﺮدﻳﺪ .در ﺑﺎﻓﺖﻫﺎي ﺳﺒﻚ ﻟﻮم رﺳﻲ و ﻟﻮم ﺷﻨﻲ ،اﺿﺎﻓﻪ ﻛﺮدن ﻛﻠﻴﻪ ﺳﻄﻮح
ﻛﺎه ﺑﺮﻧﺞ ،زﻣﺎن ﺗﺎ ﺗﺸﻜﻴﻞ ﺗﺮك را ﻧﺴﺒﺖ ﺑﻪ ﺷﺎﻫﺪ ﻛﺎﻫﺶ داد .ﺑﻪ ﻃﻮر ﻛﻠﻲ ،اﻓﺰودن ﻛﺎه ﺑﺮﻧﺞ ﺑﻪ ﺧﺎك-
ﻫﺎي ﺷﺎﻟﻴﺰاري ﺑﺎﻋﺚ اﻓﺰاﻳﺶ رﻃﻮﺑﺖ ﺧﺎك ،ﻛﺎﻫﺶ ﭼﮕﺎﻟﻲ ﻇﺎﻫﺮي و ﺗﺄﺧﻴﺮ در ﺗﺸﻜﻴﻞ ﺗﺮك ﮔﺮدﻳﺪ.
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