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SEEDBED PREPARATION AND IRRIGATION DEPTHS
AFFECTING SOIL PHYSICAL PROPERTIES

AND RICE YIELD
Abdel-Aal, S. E.*, Kishta, A. M.*, and A. Lotfy **

ABSTRACT

The goal of the present work is to assess an optimum system of seedbed
preparation and irrigation depth for rice production. To achieve this goal five
seedbed preparation systems and four irrigation depths were used to study their
effect in clayey soil on some soil physical properties, rice yield, some yield
components, water use efficiency, fuel consumption, energy requirements and
production cost. The seedbed preparation systems were as follows, (A): Chiselling
one pass + levelling, (B): Chiselling twice + levelling, (C): Chiselling twice +
harrowing + levelling, (D): Chiselling twice + subsoilling + harrowing + levelling
and (E): Moldboarding + harrowing + levelling, while irrigation depths were 60,
80, 100 and 120 mm per irrigation. The data indicated that soil bulk density and
soil penetration resistance decreased for all seedbed preparation systems, while
vice versa was noticed with the total porosity and void ratio. The highest relative
decreases of bulk density and soil penetration resistance were 23.7 and 23.51% and
the highest relative increases of soil porosity and void ratio were 26.67 and 66.03%
respectively, at soil depth of 10-20 cm under seedbed preparation system D
(Chiselling twice + subsoilling + harrowing + levelling). The highest rice grain
yield was 4.35 and 4.20 ton/fed for irrigation depth of 120 mm under seedbed
preparation systems D and C, while the lowest values were 2.61 and 2.67 ton/fed
for irrigation depth of 60 mm under seedbed preparation systems A and B
respectively. Increasing irrigation depth from 60 to 80, from 80 to 100 and from
100 to 120 mm, the total rice grain yield increased by 26.36, 40.52 and 46.62%,
respectively. The highest total energy requirement of 70.18 and 56.91 kW. h/fed
were obtained under seedbed preparation systems D and E, but the lowest values
were 25.01 and 36.75 kW. h/fed under seedbed preparation systems A and B. The
minimum cost per unit production of 188.28 and 190 LE/ton were obtained for
irrigation depth of 120 mm under seedbed preparation systems D and C, but the
maximum values were 263.6 and 259.93 LE/ton for irrigation depth of 60 mm
under seedbed preparation systems E and B respectively.

INTRODUCTION

Water is a vital and critical resource in Egypt. Today, there is an
intention to save the irrigation water and to increase the yield per unit area.
Both water and yield depend to a great extent on the quality of seedbed
preparation and soil conditions. Surface irrigation method is still the most
widely used in the valley land, water is spread across the land surface using
basin, border and furrow methods. Seedbed preparation is the first and most
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important process in crop production. Tillage operations are one of the
most important factors controlling both the suitability physical conditions of
the soil. In Egypt, rice is considered one of the most important crops used
for human consumption and many other purposes such as animal feeding.

Abdel-Maksoud et al. (1985) found that cotton yield increased by
0.748 ton/fed., due to effect of subsoiling at depth 50 cm compared to the
conventional chiselling at 20 cm depth. They also found that the total costs
were 37.75, 21.76, 11.05, 109 and 21.6 LE/fed under different soil
managements (chiselling twice + levelling + ridger + manual planting);
(chiselling twice + subsoiling + levelling + mechanical planting); (chiselling
twice + levelling + mechanical planting); (chiselling twice + levelling +
mechanical planting) and (chiselling once + harrowing + subsoiling +
levelling + mechanical planting) at condition in this period.

Zin El-Din (1985) found that soil bulk density generally decreased due
to tillage treatments except the no-tillage. The reduction in soil bulk density
increased by increasing the ploughing depth at the top layer (0-10 cm). At
the bottom layer (20-30 cm) the reduction was less than in the top and
middle layers. He also found that the minimum energy required for seedbed
preparation generally was obtained with the using of chisel plough. Energy
needs by using of mouldboard plough were about (3-4) times the chisel
plough.

El-Ansary and El-Mallah (1986) reported that subsoiling operations
has significant favorable effect on soil bulk density and soil porosity. The
system of chiselling twice or chiselling + harrowing, improves the soil
physical properties. They also found that at the system (chiselling twice +
harrowing twice) followed by subsoiling, cotton yield increased by 13%
depending on using subsoiling than without subsoiling. They also concluded
that subsoiling operations are considered economical process since the
resulting increase of yield due to subsoiling covered the cost of operation
and increased profit by 15-20% compared to non subsoiling treatment.

Ward (1988) found that the fuel and energy consumption values were
21.51, 31.34 and 38.02 L/fed and 21.75, 44,12 and 65.35 kW. h/fed under
treatments of no-tillage, minimum tillage and conventional tillage.

El-Banna and Helmy (1992) found that conventional tillage is
effective in increasing the porosity of compact soil near the surface more
than two passes of chisel plough which gave higher degrees of tillage and
porosity than shallow or deep ploughing.

Suliman et al. (1993) found that soil bulk density was decreased for all
tillage systems, but, the total porosity and void ratio increased as follows.
These effects were arranged in the following descending order: chisel
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plough one pass, chisel plough two passes, chisel plough three passes, disc
harrow, rotary plough and no-tillage.

Whel (1993) studied the cost of tillage operations as reported in the
official government announcements, chiselling two faces was 25 L.E/fed.,
chiselling three faces 35 L.E/fed, subsoiling (3 tines) 36 L.E/fed., and land
leveller (3 m width) 20 L.E/fed.

Gharieb (1996) found that total fuel consumption and energy
requirement were 23.25, 27.23 and 19.70 L/fed and 23.86, 24.2 and 20.55
kW.h/ton under treatments A (chiselling twice + disc harrowing + levelling
+ planting manually); B (chiselling twice + disc harrowing + levelling +
planting with planter) and C (chiselling once + subsoiling + levelling +
planting manually).

Abdel-Wahab et al. (1998) found that the soil bulk density was
decreased by 18.18 and 21.19% for chisel and moldboard plough
respectively. They also stated that the fuel consumption increased with the
increase of ploughing depth from (0-10 cm) to (15 to 20 cm).

El-Saeed et al. (1998) found that the energy requirement increased by
increasing the ploughing depth. The minimum value of power required for
volume unit of distributed soil was 0.044 kW/m?® by using chisel plough at
10 cm ploughing depth.

Naser (1999) indicated that the fuel consumption under treatments
chiselling two faces +double disc + levelling, chiselling two faces +
levelling and chiselling once + levelling were 23.8, 20.5 and 14.1 L/fed.,
respectively.

Younis et al. (2000) found that the fuel and energy consumption by
chisel plough once face, chisel plough two faces, chisel plough three faces,
land leveller and ridger were 4.69, 4.56, 5.38, 5.33 and 6.55 L/h., and 47.88,
36.07, 40.20, 25.49 and 43.96 kW. h/fed under average speed 3.31, 3.72,
4.30, 4.25 and 4.79 kmv/h, respectively. They also showed that the total cost
of unit cotton producing under treatment (chiselling three faces + tooth
harrow + land leveller + ridger) was 94.65 L.E/fed (111 L.E/ton).

Morad and Fouda (2003) found that the maximum reduction in soil
bulk density and soil penetration resistance of 17.29 and 71.97% were
observed under treatment T2 (Chiselling twice + rotary plow + land
leveler).

The objectives of the present investigation are to study the effect of
seedbed preparation and irrigation depths on the following points:

1. Some soil physical properties (bulk density, porosity, void ratio and
penetration resistances).
2. Rice crop and water use efficiency.
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3. Fuel consumption and energy requirements.
4. Production cost.

MATERIALS AND METHODS

A field experiment was carried out at EL-Manzala, Dakahlia
Governorate, (&8s « 43N to study the interactions between some
seedbed preparation systems and irrigation depths on some soil physical
properties, rice yield and its components. The water use efficiency, fuel
consumption, energy requirements and production cost analysis were
evaluated. To achieve the aim of the present work, an experiment was
designed as a randomized complete block with split-plot arrangement of
treatment in three replicates. Main plot was seedbed preparation systems
and the sub-plots were irrigation depths.

Seedbed preparation systems and irrigation depth treatments:

a- Seedbed preparation systems:

Five seedbed preparation systems in the present study were as
follows:

(A) : Chiselling one pass + levelling.

(B) : Chiselling twice + levelling.

(C) : Chiselling twice + harrowing + levelling.

(D) : Chiselling twice + subsoilling + harrowing + levelling.

(E) : Moldboarding + harrowing + levelling.

b- Irrigation depth:

For each seedbed preparation system, four irrigation depths were
applied. The irrigation depths for each irrigation were 60, 80, 100 and 120
mm, and the water depth for nursery was 160 mm, equivalent to about 4956,
6384, 7812 and 9240 m’/fed/season (Q1, Q2, Q3 and Q4). The irrigation
interval was 6 days for all treatments. The experiment was conducted in an
area of 4.3 feddan. It was divided into 20 treatments and 60 plots. The plot
area adopted was 6.0 x 50 m. The average forward speeds were 3.4 km/h for
chiselling one pass, 3.9 km/h for chiselling twice, 3.1 km/h for
moldboarding, 5.4 km/h for harrowing and 4.3 km/h for land levelling. The
average depth of 25 cm for chisel plough, 25 ¢cm for moldboard plough, 15
cm for disc harrow and 45 cm for subsoilling plough. This is for enhancing
soil properties and leach out the salt down to deep layers or drains.

Materials:
The specifications of the different machinery used for seedbed
preparation were as follows:
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1-Tractors:

a- Romanian Universal tractor of 650 M type, made in Brasov, four
cylinders, diesel engine, four stroke, hydraulic system, water cooled and
four wheels; had 48.8 kW engine power.

b- Ford, made in USA, six cylinders, diesel engine, four stroke,
hydraulic system, water cooled and four wheels; had 88.26 kW engine
power.

2- Ploughs:

a) A mounted chisel plough consisted of seven shanks in two rows with
1.75 m width.

b) A moldboard plough; 3 blades with 1.2 m width.

¢) A disc harrow with 260 cm working width and 24 discs.

d) A mounted subsoilling plough: with two shanks in one row 100 cm
apart.

3- Levelling:

A trailed scraper local manufactured with two wheels and working
width of 2.5 m. was used.

Rice (variety Giza 178) was planted as usual with conventional
methods. The seedlings were transplanted in hills (about three single plants
per hill) spaced at 20 x 20 cm between hills and rows. All conventional
agricultural practices were applied as usually done for rice production and

were the some for all treatments. Some physical and chemical properties of
the soil are presented in Table 1.

Tablel: Some physical and chemical properties of the soil experimental.

Soil Particle size Textural! Particle | Bulk Field Penetration
depth, distribution, % class | density, |density, | capacity, P" | EC, |resistance,
cm | Sand | Silt | Clay g/em gfem % ds/m | N/em®

0-10 |10.10|36.46 | 53.44| Clay 2.53 1.19 40.3 [8.05]| 10.0 [ 46.90

10-20 | 11.30]33.19|55.51 | Clay 2.55 1.35 42.00 |8.12| 8.20 | 47.20

20-3011.90(35.00|53.10| Clay 2.56 1.42 41.50 [8.10| 7.90 | 48.20

3045]11.10(32.80|56.10| Clay 2.66 1.46 44.50 [8.29)|10.20| 48.60

045 |11.10]34.88 | 54.02| Clay 2.58 1.36 4208 |8.14|9.08 | 4743

Methods:

At least three random samples were taken before starting the
experiment and after rice harvesting for each treatment to determine the
following parameters at four depths of 0-10, 10-20, 20-30 and 30-45 cm.
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1- Soil physical properties:
a- Soil bulk density (B,):

The soil samples were determined at four depths of 0-10, 10-20, 20-30
and 30-45 cm to determine soil bulk density according to Black (1965).

Ba=My Ve (1)
Where:
M; : dry soil mass, g and V,: total soil volume, cm
- Relative decrease of bulk density:

The percentage of reduction in soil bulk density (PBg) was
calculated as follows:

PBd = 100 (Bdl - Bd I)me ................................ (2)
Where :
Bg:bulk density before treatments, g/cm3 and
Bga: bulk dens_ity after treatments, g/cm’.
b- Soil particle density (Dy):

The soil samples were determined at four depths of 0-10, 10-
20, 20-30 and 30-45 cm to determine soil particle density according to:

Dy =My Vs e 3)
Where:
Vs : volume of soil solids, cm’ .
c- Total soil porosity (E):

Volume of pore space as the ratio to the total soil volume can
be determined as the soil porosity by using the following formula:

E=100(1-Ba/Dy) .cooviiiiriniiiiiirinin, 4)
- Relative increase of soil porosity:

The percentage of relative increase in soil porosity (RIE) was
calculated as follows:

RIE =100(E;-E2/E1  .oioiiiiiiiiiieiiiirieeineaaes 5)
Where:
E,: soil porosity before treatments, % and
E;: soil porosity after treatments, %.

d- Void ratio (e):
The void ratio was calculated using the following formula:

e= DBy - 1= (Vim VWVs oo, (6)
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- Relative increase in void ratio:
The percentage of relative increase in void ratio (Rle) was
calculated as follows:
Rle =100 (ej—e2)/er  .ooooiiiiiiii i e, (7)
Where :
e; and e; : void ratio before and after treatments, %.

e- Soil Penetration resistance:

Soil penetration resistance was measured using a penetrometer. The
percentage of reduction in the soil penetration resistance (PR) was
calculated from the following formula:

PR ={Ri-R)/R} 100 ......o.iiiiiiiiiiianen, (8)
Where:
R,: soil penetration resistance before operations, N/em? and
R, : soil penetration resistance after operations, N/cm®.
2- Irrigation depths:

The irrigation water applied for each experimental plot was measured
using plastic siphons, with an inner diameter 10 cm and 50 cm length from
unlined irrigation field channels located along the experimental plot. Water
head on the siphon was measured during irrigation. The irrigation water

quantity (discharge rate) delivered through a plastic siphon of 10 c¢m inner
diameter was calculated by the following equations (Israelsen and Hansen,

1962):
q=Cay2gh (9)

Where:
q: siphon discharge rate, m’/s; C: an empirical discharge
coefficient, found to be 0.71; a: cross-sectional area of the siphon, m; g:
gravity acceleration, m/s?, and h: average effective head on siphon, m.

Q=gxTxn i (10)

where:
Q: water volume, m*/plot; q: siphon discharge rate; m’/s;
T: total irrigation time, min, n: number of siphon tube per each
plot.
3-Fuel consumption rate:

The fuel consumption rate was determined for each field operation by
measuring the decrease in fuel level in the fuel tank in the duration time of
the operation.
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4-Energy requirement (ER):
Energy requirement for each field operation and total energy for each
treatment (TE) were calculated using the following equations:

R~ Machine power kW) o ey an
Actual field capacity (fed/h)

TE (kW.h/fed) = 3 ER = summation of energy requirements for
all operations applied under each treatment.

The draft for each machine was measured using a hydraulic
dynamometer.

1 42
Draft=EM)xp ................................................ (12)

4

Where :
p: dynamometer pressure reading, kg/cm?,

®? : diameter of piston, cm and
®3 : diameter of rod, cm.

speed

Dy=draft x ——— ... (13)
const.
D, = rolling resistance x SO e (14)
eonst,
. . speed slip percent
D3 = (draft + rolling resmtanee) x X - +(15)
const. 100 - slip percent
Machine power = D+ D;+ D3 (Suliman, 1982) ............ ...... (16)

Where:
D): drawbar pull power, kW;
D»: power consumed by rolling resistance, kW,
D; : power consumed in slip, kW, and, const.: a conversion
factor.
5- The rice yield and yield components:

The rice yield was determined as the final goal to evaluate the effect
of seedbed preparation systems and irrigation regimes on rice production.
Plant samples were collected from the center of the rows in each plot at
different treatinents after 130 days after transplanting for studying the yield
and its components. At harvesting, the following data were recorded: grain
yield, straw yield, panicles number/m’, seed index (1000 grain mass),
panicle length, plant height and harvest index.
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6-Water use efficiency (WUE):
Water use efficiency was calculated according to the following

formula:

Total grain yield (kg/fed)

WUE = 3 ,
Total water applied (m~/fed)

7- Total production costs:

The total production costs of rice yield included seedbed preparation
systems, irrigation system cost, transplanting costs, fertilization cost, weed
control cost, pest control cost and harvesting costs.

Capital cost was calculated using the current dealer prices for
equipment and installation according to 2003 price level. The cost of
mechanized operations was based on the initial cost of machine, interest on
capital, fuel cost and oil consumed, cost of maintenance, and wage of the
operator according to the following formula (Awady,1978).

P, 1 1 W
C_-H( PR )+(0.9hpxeS)+m ..................... (18)

Where:

C: hourly cost, L.E/h; P: capital investment, L.E; h: yearly operating
hours; e: life expectancy; I: interest rate; t: taxes and overheads ratio; r:
repairs ratio of the total investment; 0.9: A factor including reasonable
estimation of the oil consumption in additions to fuel; hp: horsepower of
engine; F: specific fuel consumption in L/hp.h; S: fuel price LE/L.; W:
labor wage rate per month in L.E, and 144: reasonable estimation of
monthly working hours.
8- Cost per unit production

Cost per unit production was calculated by using the following
formula: : _

Total production costs (LE/fed)

Total grain yield (ton/fed)

Cost per unit production = LE/ton.(19)

9- Net profit:

The economical profit of rice yield was calculated by using the
following formula (Younis et al.,1991):

P=(Ytxd)}=Cl....ccooorriiiriiiiriecieeieeeee e, (20)
Where:
P: net profit, LE/fed,; Yt: total grain yield, ton/fed;
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d: yield price, 600 LE/ton, and, Ct: total production costs,
LE/fed.

RESULTS AND DISCUSSION
1-Effect of seedbed preparation systems on some soil physical properties
a- Bulk density:

The effect of different seedbed preparation systems and irrigation
depths on soil bulk density before and after treatments, is shown in Fig.1.
The soil bulk density decreased with increasing the soil depth in all
treatments. This phenomenon may return to the increasing of the soil
distribution volume. The data in Fig.l indicate that the soil bulk density
after treatments decreased with increasing soil depth than before treatments.
The least bulk density value was obtained in the seedbed preparation system
D compared to the other different treatments. This effect was more evident
in the four upper successive layers of 0-10, 10-20, 20-30 and 30-45 c¢m. The
data indicated that the highest relative decreases of bulk density of 18.49,
23.7, 14.79 and 13.7% were obtained at soil depths of 0-10, 10-20, 20-30
and 30-45 cm under seedbed preparation system D (Chiselling twice +
subsoilling + hamrowing + levelling). But the lowest values were 8.41,
11.85, 11.27 and 2.74% under seedbed preparation system A (Chiselling
one pass + levelling). The relative decreases of soil bulk density at depth 0-
10 cm was reduced by 8.41, 11.77, 16.81, 18.49, and 15.97 % as a result of
using seedbed preparation systems A, B, C, D and E respectively.
Meanwhile at depth of 10-20 and 20-30 cm, the relative decreases of soil
bulk density was reduced by 11.85 and 11.27%, 14.07 and 13.38%, 17.78
and 14.09%, 23.7 and 14.79%, and 18.52 and 16.2 % as a result of the same
using seedbed preparation systems, respectively. Increasing soil depth from
(-10 to 10-20 and to 20-30 cm, the relative decreases of soil bulk density
was reduced by 39.95, 13.73 and 18.72%; 99.88, 50.04 and 25.02%; 119.86,
100 and 31.23% and 89.89, 56.29 and 43.75% as a result of using secedbed
preparation systems B, C, D and E compared to seedbed preparation system
A, respectively. With the use of seedbed preparation system D (Chiselling
twice + subsoilling + harrowing + levelling) at soil depth of 30-45 cm, the
relative decreases of soil bulk density of 13.7% was noticed due to the use
of subsoiler for enhancing soil properties and leaching out the salt down to
deep layers or drains. It was found that soil bulk density decreased after
seedbed preparation system and the effect was higher in the upper layer than
the lower layer due to the breakdown of soil structure. These results are in
agreement with Zin El-Din (1985), El-Ansary and El-Mallah (1986),

Misr J. Ag . Eng., April 2005 581



Suliman et ai. (1993), Abdei-Wahab ei al. (1998), Ei-Saced et al. (1598) and
Morad and Fouda (2003).

b- Soil porosity

Fig. 2 illustrates the effect of different seedbed preparation systems
and irrigation regimes on total soil porosity. The soil porosity increased as
the soil bulk density decreased. It was found that porosity values increased
after seedbed preparation than before. The data indicated also that the
porosity decreased gradually with depth. It was found that the deeper layers
were more compacted than the surface soil layers.

The data indicated that the highest relative increases of the soil
porosity (26.67%) was obtained under seedbed preparation system D
(Chiselling twice + subsoilling + harrowing + levelling). Meanwhile, the
lowest value of 7.48% was obtained under seedbed preparation system A
(Chiselling one pass + levelling). The relative increases of soil porosity at
depth of 0-10, 10-20 and 20-30 cm, increased by 7.48, 13.32 and 14.04%,
10.46, 15.83 and 16.66%; 14.94, 20.0 and 17.54%; 16.43 26.67 and 18.42%
and 14.18, 20.83, and 19.31 % as a result of using seedbed preparation
systems A, B, C, D and E respectively, before seedbed preparation system
compared to after treatments. These results are in agreement with El-Ansary
and El-Mallah (1986), EI-Banna and Helmy (1992) and Suliman et al. (1993).

{ D0-10 WM10-20 @20-30 [30-45 ch 010 M10-20 £2030 E3045cm |
25 30
x 20 =
; £ 20
215 a - e A
@ 3 % 7E 7
. @15 7 s 7
: 3 N
o = 107 0N N
E ) NN
5 N R 7
0} 7z:MR ZZN 7=
c D E A B C D E
Tillage system Tillage systems

Fig. 1: Relative decrease of scil bulk Fig. 2: Relative increase of soil porosity
density (R. D. of B. d.) under (R. L. of S. P.) under different
different treatments. treatments.

c- Void ratio:

The effect of different seedbed preparation systems and irrigation
regimes on void ratio in different soil layers before and after treatments is
shown in Fig.3. Generally, the void ratio of all soil layers at the end of the
experiment are higher than those before. The void ratio increased for all
seedbed preparation systems. The relative increases of void ratio increased
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by 13.23, 28.57 and 28.52%; 25.22, 34.76 and 34.62%,; 38.19, 45.89 and
36.74%; 42.18, 66.03 and 38.98% and 35.88, 48.26 and 43.34% for soil
depths of 0-10, 10-20 and 20-30 cm under seedbed preparation systems A,
B, C, D and E respectively. These results are in agreement with Suliman et
al. (1993). The void ratio decreased by increasing the soil depth from 0-10
to 20-30 cm since increasing the soil layer depth increased soil compaction.
The seedbed preparation system D (Chiselling twice + subsoilling +
harrowing + levelling) gave the highest relative increases of the void ratio.

d- Soil penetrability:
The soil penetration resistance has a good indication of soil physical

properties. The decreases of the soil penetration resistance allows the roots
of the plants easily to penetrate the soil.

As shown in Fig.4, the soil penetration resistance increased by
increasing ploughing depth, since increasing the soil layer depth increased
the soil compaction. As illustrated in Fig. 4, the penetration resistance
values were greatly affected by seedbed preparation systems and irrigation
depths. The relative decreases of penetration resistance has the highest
values of 19.44, 23.51, 15.06 and 13.49% at soil depths of 0-10, 10-20, 20-
30 and 30-45 cm, under seedbed preparation system D (Chiselling twice +
subsoilling + harrowing + levelling), but the lowest values were 3.89, 7.23
and 6.02% for soil depths of 0-10, 10-20 and 20-30 cm under seedbed
preparation system A (Chiselling one pass + levelling), respectively. This
may be attributed to initial soil moisture distribution through soil profile.

‘ S0-10 MW10-20 [@20-30 [E30-45 cm [ So-10 EI10-20 E20-30 E3045cm
o SUT 25
& =2
o 60 o 20
5 40 | a 1S
e n 210
. A g A
A 0-
A B C D E
Tillage system Tillage system
Fig. 3: Relative increase of void ratio Fig. 4: Relative decrease of penetration
(R. 1. of V. R} under different resistance (R. D of S. P. R.} under

treatments. different treatments.

Generally, for all seedbed preparation systems, the penetration
resistance values decreased at surface soil layer until tillage depth. This may
be due to soil compaction caused by seedbed preparation implements. It can
be noticed also from Fig. 4 that the seedbed preparation systems D, C, E and
B produced soil penetration resistances of 16.18, 10.34, 9.44 and 5.62% less
than value obtained by seedbed preparation system A under the top soil
layer (0-10 ¢cm depth), The relative soil penetration resistances decreased by
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3.89 and 7.23%; 9.29 and 12.48%; 15.12 and 16.82%; 19.44 and 23.51%
and 12.96 and 17.36% for soil depths of 0-10 and 10-20 cm under seedbed
preparation systems A, B, C, D and E. Meanwhile, at soil depth of 20-30
and 30-45 cm, the relative decrease values were 6.02 and 2.48%; 11.25 and
2.33%; 13.0 and 1.0%; 15.06 and 13.49%; 16.01 and 2.64% under the same
seedbed preparation systems, respectively. The seedbed preparation system
D gave the highest relative decreases of the soil penetration resistance
values under all soil depths. These results are in agreement with El-Saeed et
al. (1998) and Morad and Fouda (2003).

2- Effect of seedbed preparation systems and irrigation depth on rice
yield and yield components:

a- Yield components:

The effect of different seedbed preparation systems and irrigation
depth on rice yield and some rice yield components is shown in Table 3.
The data in Table 3 indicate that the rice plant height, panicles length, 1000-
grain mass, rice straw and grain yields increased under seedbed preparation
system D and irrigation depth of 120 mm compared to different treatments.
Conceming the harvest index, the results revealed that it also increased but
under seedbed preparation system E and irrigation depth of 120 mm as
compared to different treatments. Data also indicate that plant height,
panicles length, 1000-grain mass and rice straw increased with increasing
irrigation depth for each irmgated from 60 to 120 mm. This means that the
increase in straw yields with increasing irrigation depth can be attributed to
the increment of plant height, panicles length and 1000-grain mass. The
desirable effects of increasing irrigation water on these growth attributes led
to highest grain yield.

b- Rice grain yield:

Table 3 shows that seedbed preparation systems and irrigation depths
have a great effect on rice yield. The irrigation depth of 120 mm/irrigation
gave the highest rice grain yield of 4.35 ton/fed under seedbed preparation
system D. This may be due to the preserving of high amount of irrigation
available water in the root zone that is favorable for root growth and
optimum seedbed preparation increasing, but the irrigation depth of 60 mm
gave the lowest yield (2.61 ton/fed) under seedbed preparation system A.
The relationships between rice grain yield and irrigation depth show that by
increasing irrigation depth from 60 to 80, from 80 to 100 and from 100 to
120 mm, the rice grain yield increased by 34.56, 47.79 and 54.41%,
respectively under seedbed preparation system C, but the relationships
between rice grain yicld and seedbed preparation systems show that the rice
yield increased by 2.17, 13.82, 17.89 and 13.28%, under seedbed
preparation systems B, C, D and E compared to seedbed preparation system
A, respectively, under irrigation depth of 120 mm.
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3- Effect of seedbed preparation systems and irrigation depth on water

use efficiency (WUE):

Data registered in Table 3 show that the WUE is affected by irrigation
depth and seedbed preparation systems. The highest WUE value of 0.59
kg/m® was remarked at irrigation depth of 60 mm and seedbed preparation
system D, but the lowest value was 0.34 kg/m® under irrigation depth of 120
mm and seedbed preparation system A. Data in Table 3 show that adding
irrigation depths of 60, 80, 100 and 120 mm, the WUE decreased from 0.55
to 0.55, 0.51 and 0.45 kg/m under seedbed preparation system E.

Table 3: Effect of seedbed preparation systems and irrigation depths on
rice vield, some yield components and WUE.

=) o~
2 £ £ 'gﬂ 2 5| g & gn e | Total yield é" | wue
S535E 26 8d58| 2d ez ) o
SERER IS E £ 8§ Grain, | Straw, | ¢ & | kg/m
S LT = & |~ |ton/fed | ton/fed | T
Ql | 795173 291 [2195| 2.1 350 [ 043 | 053
Q2 | 846 | 19.1 | 382 [23.14| 3.19 413 (044 0.50
A Q3 (879|204 | 400 [24.17| 3.56 480 | 043 046
Q4 |90.1 209 | 403 |[24.23| 3.69 499 | 043 040
Mean | 85.5 [ 194 | 369 | 23.37( 3.27 436 | 043 | 047
Ql [799|17.9 ] 300 [22.16| 2.67 357 | 043 054
Q2 | 857 )19.8 | 401 |23.69| 3.36 467 (042 053
B Q3 | 89.820.7 | 411 |2423| 3.76 493 | 043 | 048
Q4 |91.2|21.0 | 420 |24.53| 3.77 5.03 | 043 0.41
Mean | 86.7 | 19.9 | 383 |23.65| 3.39 455 (043 049
Q1 | 81.1|18.1 | 351 [22.73| 2.83 3.62 | 0.44 | 0.57
Q2 | 88.3(21.0| 420 (2391 3.66 497 | 042 | 0.57
C Q3 | 933]21.9| 430 (2447 4.02 523 | 044 | 0.52
Q4 | 942|223 | 445 (2488 | 4.20 578 |042| 046
Mean | 89.2 | 20.8 | 412 |23.95| 3.65 490 | 043 | 0.52
Ql (833|209 363 (2290 292 400 |042| 059
Q2 | 89.1|21.3 | 425 (2396 3.67 481 (043 | 0.58
D Q3 |94.3|22.0| 437 (2452 4.03 501 (045] 052
Q4 | 953|229 451 [2499| 435 568 |043 0.47
Mean | 90.5 | 21.8 | 419 [24.09| 3.74 488 043 | 0.54
Q1 | 827|193 | 339 (2260 272 373 |1 042 055
Q2 | 87.8|20.8 417 [23.90( 3.52 485 | 042 | 055
E Q3 | 928|214 | 428 |2446| 3.97 522 | 043 | 051
Q4 | 93.1 ) 21.8| 440 [24.73| 4.18 518 | 045 | 045
Mean | 89.1 | 20.8 | 406 |23.92| 3.63 475 (043 | 0.52
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4- Effect of seedbed preparation systems and irrigation depth on fuel
consumption :

Data in Fig. 5 reveal that the fuel consumption is affected by types of
ploughs and ploughing depth. Data in Fig. 5 show that the highest fuel
consumption value of 29.6 L/fed was noticed under seedbed preparation
system D (Chiselling twice + subsoilling + harrowing + levelling). But the
lowest value was 10.55 L/fed under seedbed preparation system A
{Chiselling one pass + levelling). Data in Fig. 5 show that the fuel
consumption value under seedbed preparation system D increased by 64.36,
47.67,19.93 and 18.92% as compared to seedbed preparation systems A, B,
C and E respectively. These results are in agreement with Ward (1988),
Gharieb (1996), Abdel-Wahab et al. (1998) and Naser (1999).

5- Effect of seedbed preparation systems and irrigation depth on energy
requirements and energy per unit production :

Data clarified that the energy requirements are affected by different
seedbed preparation systems and ploughing depth. Energy requirements can
be arranged in decreasing order as follows: D, E, C, B and A. The highest
total energy requirement value of 70.81kW.h/fed was recorded under
seedbed preparation system D (Chiselling twice + subsoilling + harrowing +
levelling). Meanwhile, the lowest value was 25.01 kW.h/fed under seedbed
preparation system A (Chiselling one pass + levelling). Data indicated that
the energy requirement increased substantially as the ploughing depth
increased. As expected, subsoiler and mouldboard plough need the highest
values of energy requirement, while the chisel plough need the lowest value.
These results are due to decrease in ploughing depth and smaller clod sizes.
Data in Fig. 6 reveal that the energy requirements per unit production can be
arranged in decreasing order as follows: D, E, C, B and A. It is clear that
seedbed preparation system D (Chiselling twice + subsoilling + harrowing +
levelling) required the highest value of energy per unit production of 24.05
kW .h/ton. Meanwhile, seedbed preparation system A (Chiselling one pass +
levelling) required the lowest value of 6.78 kW.h/ton. These results are in
agreement with Zin El-Din (1985), Ward (1988), Gharieb (1996), El-Saeed
et al. (1998) and Younis et al. (2000).
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different treatments. under different treatments.

6- Effect of seedbed preparation systems and irrigation depth on total
costs and cost per unit production:

The cost per unit production as influenced by irrigation depth and
seedbed preparation systems is shown in Fig. 7. The minimum costs per unit
production were 188.28 and 190 LE/ton, under irrigation depth of 120 mm
and seedbed preparation systems D and C. Meanwhile, the maximum values
were 263.6 and 261.69 LE/ton under irrigation depth of 60 mm and seedbed
preparation systems E and A respectively. Data indicate that the mean costs
per unit of rice grain production values of 223.5, 218.93, 215.65, 210.03 and
208.39 LE/ton were obtained under seedbed preparation systems A, B, E, D
and C respectively. The cost per unit production can be arranged in
decreasing order as follows: A, B, E, D and C. Unit cost decreased by 16.51,
21.0, and 20.9%; 18.82, 23.47 and 20.81%,; 21.06, 24.59 and 24.9%; 18.18,
22.22 and 25.2% and 18.95, 26.32 and 27.49% by increasing the irrigation
depth from 60, 80, 100 to 120 mm under seedbed preparation systems A, B,
C, D and E, respectively. Adding irrigation depth from 60 to 80, 80 to 100
and 100 to 120 mm, the costs per unit of rice grain production decreased by
5.32, 23.52 and 23.85%. This may be due to the increase in yield which was
greater than total cost. These results are in agreement with Abdel-Maksoud
et al. (1985), Whel (1993) and Younis et al. (2000).

7- Effect of seedbed preparation systems and irrigation depth net
profit:

The net profits as influenced by irrigation depth and seedbed
preparation systems are shown in Fig. 8. The highest net profit value was
1791LE/fed, for irrigation depth of 120 mm under seedbed preparation
system D, but the lowest value was 883 LE/fed, for irrigation depth of 60
mm under seedbed preparation system A.
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CONCLUSION

The obtained results can be summarized as follows:

1. The seedbed preparation system D (Chiselling twice + subsoilling +
harrowing + levelling) was considered the best system under conditions
of clay soil as it improved soil physical properties (decreasing soil bulk
density and soil penetration resistance and increasing the total porosity
and void ratio).

2. The irrigation depth of 120 mm and seedbed preparation system D gave
the highest rice grain yield of 4.35 ton/fed, meanwhile, the irrigation
depth of 60 mm and seedbed preparation system A (Chiselling one pass
+ levelling) gave the lowest yield of 2.6] ton/fed.

3. The highest water use efficiency was 0.589 kg/m® under seedbed
preparation system D and 1rr1gat10n depth of 60 mm, meanwhile, the
lowest value was 0.339 kg/m® under seedbed preparation system A and
irrigation depth of 120 mm.

The minimum costs per unit production was 188.28 LE/ton under
irrigation depth of 120 mm and seedbed preparation system D, meanwhile,
the maximum value was 263.6 LE/ton under irrigation depth of 60 mm and
seedbed preparation system E.

The highest net profit was 1791 LE/fed, under irrigation depth of 120
mm and seedbed preparation system D, meanwhile, the lowest value was
883 LE/fed, under irrigation depth of 60 mm and seedbed preparation
system A.

Finally, it could be concluded that, under the similar conditions:

The seedbed preparation system D (Chiselling twice + subsoilling +
harrowing + levelling) was the best system under clayey soil where it gave
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the optimum seedbed preparation, increased rice yield, some vyield
components, minimum costs per unit production and highest net profit.

The irrigation depth of 120 mm/irrigation can be recommended for
optimum rice yield under the same conditions.
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