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ABSTRACT: Two field experiments were conducted at Sakha Agricultural Research Station, 
Kafr El-Sheikh Governorate, North Nile Delta Region during both seasons of 2010/2011& 2011 
to find out the impact of three methods of tillage; disc harrow, chisel and subsoiler plough, with 
three depths; 15, 25 and 35 cm on sugar beet and rice yields, some soil properties and some 
water relations. The experimental design was split plots with four replicates, where the main 
plots were assigned to tillage methods and the sub plot were devoted to tillage depths. The 
obtained results can be summarized as follows: 
• The yields of sugar beet were highly significantly affected by methods and depths of the 

tillage. The plowing at 35cm depth increased root yield by 17.46 and 4.61% compared to 
plowing at 15 and 25 cm depths, respectively. The average root yields were 15.49, 16.04 
and 17.21 ton/fed. with disc harrow, chisel and subsoiler, respectively, while the root yields 
with tillage depths of 15, 25 and 35cm were 14.47, 16.73 and 17.54 ton/fed., respectively.  

• The average sugar yield with disc harrow, chisel and subsoiler were 2.565, 2.486 and 2.598 
ton/ fed., respectively, and these values were 2.212, 2.646 and 2.790 ton/ fed. with 15, 25 
and 35 cm ploughing depths, respectively.  

• The highest values of k, N, amino-N% and purity percentages of sugar beet juice were 
produced from subsoiler at 35cm depth.  

•  With rice, the highest significant values of yield and yield components were achieved by 
using the disc harrow as method of tillage with shallow depth (15cm). The interaction 
between tillage methods and depths had insignificant effect on such parameters.  

• The highest values of water applied for sugar beet and rice crop were obtained with tillage 
by subsoiler at 35cm depth, while the lowest values were scored with tillage by disc harrow 
at 15cm depth. 

• The highest value of field water use efficiency with sugar beet roots (6.12kg / m3) was 
obtained with tillage by disc harrow at 35cm depth, while the lowest value (5.01 kg/ m3) was 
recorded with subsoiling at 15 cm depth. The highest value of crop water use efficiency with 
sugar beet roots (9.49kg / m3) was obtained with subsoiler at 25cm depth, while the lowest 
value (7.54 kg / m3) was recorded with disc harrow at 15 cm depth. 

•    With rice, disc harrow plowing with 15 cm depth achieved the lowest value of water 
applied (4767 m3 /fed) and the highest value of utilization efficiency (0.63 kg grain / m3 ). 
While subsoiler with 35 cm depth led to the converse trend (water applied, 6178 m3 /fed and 
water utilization efficiency , 0.28 kg grain / m3 ) . 

• The highest values of basic infiltration rate and cumulative infiltration with sugar beet and 
rice were achieved by subsoiler with 35 cm depth, while the lowest values were obtained 
with disc harrow at 15cm depth.  

• It could be noticed that subsoiling led to leach more salts followed by chisel plough method 
especially with 35 cm tillage depth. 

• It can be concluded from the economic evaluation that the highest farmer income from 
sugar beet was achieved with subsoiling and from rice with disc harrow. 

Key words: Tillage Depth,Tillage Methods, Sugar Beet ,Rice, Salt Distribution, Water Use  
Efficiency and Saline Soil. 
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INTRODUCTION 
Tillage refers to the different mechanical 

manipulations of the soil that are used to 
provide the necessary soil conditions 
favorable to the crop growth. A proper tillage 
can alleviate soil related constrains , while 
improper tillage may lead to a range of 
degradation processes, e.g., deterioration in 
soil structure, accelerated erosion,  depletion 
of soil organic matter and soil fertility and 
disruption in water cycles, organic carbon 
and plant nutrients (Lai,1996). Year's 
shallow tillage created hardpan at about 15 
cm depth. This hardpan influences bulk 
density, porosity and penetration resistance 
of soil which directly or indirectly effects on 
the growth and yield of crops. Hardpan due 
to subsoil compaction of agricultural soils is 
a global concern due to adverse effects on 
crop yield and environment (Hokansson and 
Reeder, 1994). Soil is basic medium for 
seed germination, seed emergence, root 
growth and ultimately crop production. In this 
context the importance of soil physical and 
chemical properties in optimizing production 
has been well recognized. Many 
management practices such as tillage are 
carried out to improve the properties of salt 
affected soil. Tillage management is among 
the important factors effecting on soil 
physical properties i.e. soil bulk density, 
moisture and porosity. Tillage is a practice 
which is performed to loosen the soil and to 
produce a good tilth. Among the crop 
production factors, tillage contributes up to 
20% (Ahmad et al.1996 and Mahajan 1996). 
The sustainable use of deep tillage breaks 
up high density soil layer, improves the 
water infiltration and movement in soil, 
enhance root growth, develops and 
increases crop production potential (Bennie 
and Botha,1986). Deep tillage of the soil 
increased corn yield up to 90 % (Varsa et 
al., 1997). The deep tillage method 
significantly improves soil physical 
properties as increase in saturated hydraulic 
conductivity and decrease in bulk density of 
soil (Naveed et al., 2010). Canarache and 
Dumitra (1987) showed the direct and 
residual effect of ploughing and disking on 
soil, pointing that the reduced tillage using 
disking dose not lead to negative effect on 
soil physical state. Dumitru (2005) showed 

the positive effect of ploughing on soil water 
retention, nutrient movement in clayey 
texture soil and crop yield. He added that 
the moderate compactness due to tillage did 
not affect negatively either the state of the 
soil or crop yield. Calciu et al (2010) 
reported that the soil bulk density and 
degree of compactness were strongly 
affected by the mould-board ploughing . 
They added that the main impact was 
determined by the agricultural practices, 
such as soil tillage type and/or its intensity 
(depth and frequency) and the variation of 
these indicators on the profile emphasize 
that the soil was ploughed at maximum 25 
cm depth, at this level there was a slightly 
compacted layer. Jabro et al (2010) found 
that soil bulk density and penetration 
resistance were greater in shallow tillage (10 
cm depth) than in deep tillage (20 cm depth), 
whereas saturated hydraulic conductivity 
was greater with deep tillage than with 
shallow tillage. Soil water content and soil 
air- filled pores were slightly greater with 
deep tillage than those under shallow tillage. 
Also they reported that although tillage 
depth had no significant effect on sugar beet 
population, root yield, or sucrose content, a 
small difference in sucrose yield between 
the two depths of tillage may be attributed to 
reduced soil bulk density, increased water 
intake, improved aeration, and increased 
response to nitrogen uptake under deep 
tillage than under shallow tillage.  

Tillage plays an important role in the 
management of water resources and in 
alleviating water-related constraints to 
agricultural production and environment 
quality. Also, appropriate tillage systems can 
be used to facilitate drainage and decrease 
water retention in the root zone, increase the 
rate of infiltration to improve soil water 
storage, change porosity to influence soil-
water evaporation, and enhance macro pore 
flow to regulate leaching of the agricultural 
chemical and salts. The reduction of soil 
moisture content due to tillage operations 
was increased by increasing the depth with 
all the ploughs, and the minimum reduction 
was obtained with no tillage. Also, the 
maximum reduction was obtained at the top 
layer (0-10 cm) with the chisel plough, while 
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in the bottom layer (20-30 cm) the maximum 
reduction was obtained with the rotary 
plough (Zein Al-Din, 1985). Elkhateeb et al 
(2009) concluded that water requirements of 
cotton were 3033, 3185 , 3205 , 3319 and 
3591 m3/fed., for disc harrow, chisel plough 
one pass + disc harrow, chisel plough two 
passes + disc harrow , chisel plough one 
pass + subsoiler + disc harrow and chisel 
plough two passes + subsoiler + disc 
harrow, respectively. Field water use 
efficiency was calculated for above 
mentioned treatments and recoded as 
follow: 0.22, 0.26, 0.28, 0.31 and 0.28 kg/m3 
for the stated treatments, respectively. Also, 
water application efficiency values were 
found to be 73.05, 73.63, 75.02, 74.18 and 
70.91%, respectively. El-Shahawy et al 
(2001) found that the subsoiler tillage 
treatment with 60 kg N/fed. gave the highest 
values of root and gross sugar yields (31.37 
and 4.6 ton/fed., respectively).While the 
lowest values (15.03 and 2.42 ton/fed., 
respectively) were obtained under chisel 
plough with 20 cm tillage depth without 
nitrogen fertilizer. Also the highest values of 
sucrose %, possible extraction sugar % and 
sugar purity % (15.98, 13.44 and 83.7%, 
respectively) were obtained under subsoiler 
plough without nitrogen fertilizer. Al-Ghazal 
(1997) showed that in tilled soil the plough of 
0-20 cm layer induced higher rooting 
densities, but restricted proliferation of roots 
in deeper layers. As a result, the total water 
uptake from the ploughing layer was greater 
, while it was less from deeper layers. Shoot 
growth was higher in the tilled soil at the 
beginning of the season but it was 
accelerated in the untilled soil, where roots 
explored deeper soil. Sayed et al (1998) 
indicated that subsoilling plow is highly 
affected sugar beet plant characteristics 
(root and shoot quality and sugar yield). 

Korany and Khalifa (1998) reported that the 
tillage methods improved the shoot yield , 
especially with increasing ploughing depth 
because of increasing of the root size 
(length, diameter and volume). Hammoud 
(1992) found that the weight of sugar beet 
roots, sucrose percent and total sugar yield 
were increased under deep plowing (30 cm 
depth). The aim of this study is to investigate 
the effect of tillage methods and depths on 
yield productivity of salt affected soils and 
water use efficiency at North Nile Delta. 

 
MATERIALS AND METHODS 

Two field experiments were conducted at 
Sakha Agricultural Research Station Farm, 
Kafr El-Sheikh Governorate during two 
successive growing seasons (2010 / 2011 
and 2011). The location is situated at 31-
07N Latitude, 30-37E longitude with an 
elevation of 6 meters above the mean of sea 
level. The soil is clayey in texture and saline. 
Some soil chemical and physical properties 
are presented in Table (1), according to 
(Black, 1965). 

The experiment was designed in split 
plots with four replicates. Each plot was 
12*30 m (360 m2). The main plots were 
occupied by different tillage methods; disc 
harrow, chisel plough and subsoiler. While 
tillage depths (15, 25 and 35cm) occupied 
the subplots. Sugar beet (variety Raspoly) 
was sown on December, 2nd, 2010 and 
harvested on May, 15, 2011.While rice 
(variety Giza 178) was planted in the nursery 
on May,1st, 2011 , transplanted on June 1st, 
2011 and harvested on September, 5th, 
2011. Rice seedlings were transplanted in 
bottom of furrows, 13cm apart in hills (4-5 
plants) in three rows keeping the number of 
seedlings the same as the traditional 
transplanting method. 

 
Table (1): Some soil chemical and physical properties of the experimental area. 

Soil 
depth 

cm 

 
PH 

1:2.5 

Ece 
dsm-1 

at 
22°c 

SAR Particle size 
distribution 

Texture 
class 

Soil moisture 
characteristics 

Bulk 
density 
g/c m3 Sand 

% 
Silt 
% 

Clay 
% 

F.C% P.W.
P. % 

available 
water 

0-20 8.29 26.80 25.54 26.48 27.43 46.09 clay 40.45 20.18 20.27 1.29 
20-40 8.13 17.70 20.52 22.48 27.31 50.21 clay 38.25 19.15 19.10 1.37 
40-60 7.98 13.31 18.00 27.14 29.01 43.71 clay 35.85 17.52 18.33 1.41 
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The studied characters for sugar 
beet were: 
1-Root lengths and diameter (cm) for all 

treatments were measured at harvesting 
(4 roots in 4 replicates for each 
treatment). 

2-Root yield was weighed for all treatments 
at harvesting (ton / fed.). 

3-Sucrose concentration and juice purity (%) 
for all treatments were determined in 
Delta Sugar Company at El-Hamoul, Kafr 
El-Sheikh Governorate. 

4-Gross sugar yield (ton / fed.) = root yield 
(ton / fed.)* Sucrose percentage. 
All the agronomic practices were 

performed according to the usual 
recommendations in the area. 
 
The studied characters for rice were: 
1- Rice grain and straw yield in ton / fed. 
2- Plant height in cm. 
3- 1000 - grain weight in gm. 

Data were statistically analyzed 
according to Snedecor and Cochran (1971). 
 
Water measurements:- 
1- The amount of irrigation water applied 

was measured by cut- throat flume (30*90 
cm) and calculated as m3 / fed. (Early, 
1975).      

2- Actual water consumptive use was 
calculated according to the following 
equation described by Israelson and 
Hansen (1962).   

                                       

                           (θ2- θ1)           
Cu = Σ ni=1        ــــــــــــــــــــــــــــ    * Bd * d* 4200 

                              100 
Where: 

Cu= water consumptive use (m3 / fed.). 
n = number of irrigations. 
θ2and θ1: soil moisture content (%) after 
irrigation and before the next irrigation 
respectively. 
Bd = bulk density (g / c m3). 
d : depth of root zone (cm) 

 
 Some irrigation efficiencies:- 
1-Irrigation application efficiency 

(Ea): 
Values of irrigation application efficiency 

(Ea) for each treatment were obtained by 

dividing the irrigation water stored on the 
applied irrigation water (Downy, 1970): 
 

       Ea =   Ws*100 / Wd  
Where: 

Ea:    water application efficiency. 
Ws:    water stored. 
Wd:  water delivered to the field plot. 

 
2- Water distribution efficiency:- 

It is expressing the uniformity of the 
distribution of irrigation water along the 
irrigated field. It was determined according 
to Michael (1978) using the following 
equation: 
        Ed = 100 (1- y/D. 
Where:- 
Ed = water distribution efficiency %. 
Y =Average numerical absolute deviation in 
depth of water stored. 
D = Average depth of water stored during 
the irrigation. 
  
3- Crop water use efficiency:  
  Calculated in kg / m3 according to Abdel- 
Rasool et al (1971) as follows: 
C.W.U.E. = yield (kg/fed.) / water 
consumptive use (m3/fed.)                 
  
4- Field water use efficiency: was 

calculated as follows: 
F.W.U.E. = yield (kg/fed.) / water applied (m3 
/ fed.). 
 
5- Salt distribution patterns in clay 

soils. 
Soil samples were collected from three 

soil profiles before planting, after harvesting 
sugar beet and rice for each treatment at 
three depths (0-20), (20-40) and (40-60) to 
study the salinity distribution through soil 
profile as mean values of the soil depths. 
    
RESULTS AND DISCUSSION 
Effect of tillage methods and 
depths on: 
1-Sugar beet: 

1-1-Sugar beet yield:                                                                                                                     
Data in Table (2) indicate that the yields 

of roots, shoots and sugar are highly 
significantly affected by methods and depths 
of tillage. The tillage methods improve the 
root yield especially with deeper ploughing 
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depth due to increase the root size (length 
and diameter). The average root yields are 
15.49, 16.04 and 17.21 ton/fed., while the 
average shoot yields are 6.56, 7.04 and 7.38 
ton/fed. with disc harrow, chisel and 
subsoiler ploughs , respectively . The sugar 
yield is an important parameter of sugar beet 
because it is the final form that the 
consumer uses. Sugar yield is related not 
only to root yield but also to its sucrose 
content. The average sugar yields with disc 
harrow, chisel and subsoiler ploughs are 
2.565, 2.486 and 2.598 ton/ fed., 
respectively. Consequently, the root yields 
with subsoiler plough are increased by 10.08 
and 6.86 % ,the shoot yields are increased 
by 11.2 and 4.70 % , while the sugar yield 
are increased by 1.4 and 6.2 % over that 
achieved with the disc harrow and chisel 
ploughs, respectively.   

In regard to the effect of the tillage 
depths, the obtained data reveal that the 
root, shoot and sugar yields are increased 

significantly by increasing ploughing depth. 
The deeper ploughing depth tends to 
improve the plant growth, increases the root 
size (length and diameter) , increases the 
water storage in the effective root zone and 
subsequently raises the water use efficiency. 
The root yields for tillage depths at 15, 25 
and 35cm are 14.47, 16.73 and 17.54 
ton/fed respectively, the shoot yields are 
5.93, 7.09 and 7.95 ton/fed, respectively, 
while the sugar yields are 2.212, 2.642 and 
2.790 ton/fed, respectively.  

It is clear from the data that the 
interaction between tillage methods and 
ploughing depths has highly significant 
effect on sugar beet yield. The using of 
subsoiler plough at 25 cm depth achieves 
the highest values of root yield (18.53 
ton/fed.), shoot yield (8.11 ton/fed.) and 
sugar yield (2.784 ton fed.). While the lowest 
yields of root, shoot and sugar (13.99, 5.25 
and 2.209 ton /fed, respectively) are 
recorded with disc harrow at 15 cm depth. 

 

Table (2): Sugar beet yield and its components as affected by different treatments. 
Sugar 

Ton/fed 
Sugar % Shoot Ton/fed Root  

(ton /fed) 
Treatment 

depth* tillage 
2.209 15.78 5.25 13.99 D1 Disc 

harrow 
(M1)  

2.567 16.49 6.69 15.57 D2 
2.919 17.28 7.73 16.90 D3 
2.565 16.52 6.56 15.49 Mean 
2.207 15.43 5.96 14.30 D1 Chisel 

plough 
(M2) 

2.582 15.54 7.13 16.63 D2 
2.668 15.54 8.02 17.18 D3 
2.486 15.5 7.04 16.04 Mean 
2.220 14.68 6.58 15.12 D1 Subsoiler 

(M3) 2.789 15.51 7.46 17.99 D2 
2.784 15.01 8.11 18.53 D3 
2.598 15.07 7.38 17.21 Mean 

** ** ** ** F test-M 
2.212 15.30 5.93 14.47 Mean       D1 
2.646 15.85 7.09 16.73 Mean       D2 
2.790 15.94 7.95 17.54 Mean       D3 

** ns ** ** F test-D 
0.082 0.748 0.179 0.218 LSD       0.05 % 
0.112 1.03 0.245 0.299 LSD       0.01 % 

* ns ** ** M*D 
* D1= 15 cm   D2= 25 cm   D3= 35 cm 
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Regarding to sugar percentage, data 
reveal that the tillage methods has a highly 
significant effect on sugar percentage. The 
highest value of sugar percentage (16.52 %) 
is obtained with disc harrow followed by 
chisel (15.5 %) , while the lowest value was 
recorded with subsoiler (15.07 %). On 
contrary to this, the tillage depths as well as 
their interaction with the tillage method have 
insignificant effect on sugar percentage. 
These results are in full agreement with 
those reported by Korany and Khalifa 
(1998). They found that increasing plowing 
depth tends to improve the sugar beet 
growth.  
 

1.2. The yield components of 
sugar beet:  

1.2.1: Root length and diameter (root 
size): 

The data in Table (3) show that the 
plowing by subsoiler causes higher 
increases in root length and diameter 
compared to disc harrow and chisel. The 
root lengths are 22.8, 23.7 and 24.13 cm , 
while the root diameters are 11.93, 12.17 
and 12.60 cm with disc harrow, and chisel 
subsoiler ploughs, respectively. Also, 
increasing the ploughing depth from 15 to 25 
or 35cm increases the root length from 
21.47 to 23.47 or 25.70 cm, respectively, 
and increases the root diameter from 11.23 
to 12.30 or 13.17cm, respectively.  

The interaction between tillage methods 
and depths has insignificant effect on root 
diameter. These results are supported by 
the data obtained by El-Shahawy et al 
(2001) and Sayed et al (1998). 

 
Table (3): The yield components of sugar beet as affected by different treatments. 

Quality 
(%) 

Amino 
(N %) 

N% K% Root 
diameter 

(cm) 

Root 
Length (cm) 

Treat. 
depth* tillage 

72.95 3.78 3.92 7.43 10.8 20.5 D1 Disc 
harrow 
(M1)  

74.25 3.5 3.93 7.24 11.9 22.9 D2 
73.2 3.75 3.72 7.33 13.1 25.0 D3 
73.47 3.68 3.87 7.33 11.93 22.8 Mean 
73.38 2.84 3.22 7.91 11.2 21.6 D1 Chisel 

plough 
(M2) 

71.53 4.38 3.82 7.17 12.1 23.5 D2 
72.14 3.83 3.39 7.21 13.2 26 D3 
72.35 3.68 3.48 7.10 12.17 23.7 Mean 
71.5 3.9 4.23 7.22 11.7 22.3 D1 Subsoil

er 
(M3) 

66.4 5.41 5.09 7.76 12.9 24 D2 
64.5 5.06 4.8 7.91 13.2 26.1 D3 
67.47 4.79 4.71 7.63 12.60 24.13 Mean 

* ns ns ns * ** F Test-M 
70.61 3.51 3.79 7.52 11.23 21.47 Mean       D1      
70.72 4.43 4.28 7.39 12.30 23.47 Mean       D2 
69.95 4.21 3.97 7.48 13.17 25.70 Mean       D3 

** ** ns ns ** ** F test-D 
0.88 0.547 0.450 0.537 1.45 0.286 LSD     0.05 % 
1.17 0.750 0.626 0.548 1.99 0.3925 LSD     0.01 % 

** ns ns ns ns ns     M*D 
* D1= 15 cm   D2= 25 cm   D3= 35 cm 
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1.2.2. Sugar beet quality: 
 The statistical analysis (Table 3) shows 

insignificant effect of tillage methods and 
depths as well as their interactions on k%, 
N% and amino-N% in root of sugar beet with 
the exception of the tillage depths that has 
high significant effect on amino-N%. The 
values of amino-N with 15, 25 and 35 cm are 
3.51, 4.43 and 4.21% , respectively. The 
data show also that the juice quality is 
significantly affected by tillage methods and 
depths as well as their interactions. The 
values of juice quality % as affected with 
tillage methods takes the  following 
descending order: disc harrow- > chisel- > 
subsoiler plough .The increasing of tillage 
depth from 15 cm to 35 cm decreases the 
quality from 70.61% to 69.95 %. The highest 
quality value is achieved with the disc 
harrow at 25 cm tillage depth (74.25 %), 
while the lowest value is recorded with 
subsoiling tillage at 35 cm depth (64.5 %). 
These results are in harmony with those 
obtained by El-Shahawy et al (2001). 
 

2-Rice yield and its contributing 
variables: 

2.1: Plant height: 
It is clear from the data in Table (4) that 

plant height of rice is highly significantly 
affected by methods and depths of tillage. 
Using disc harrow surpasses the chisel 
plough and subsioler in increasing plant 
height (109.42, 107.50 and 106.17 cm, 
respectively). Also, it can be observed from 
the data that increasing tillage depth from 15 
cm to 35 cm decreases the plant height from 
110.1 cm to 104.5 cm. The interaction 
between tillage methods and depths has a 
high significantly effect on plant height 
Therefore, the longest top plants are 
achieved by disc harrow with 25 cm depth 
(111.5 cm) while the shortest plants are 
recorded with subsoiling at 35 cm tillage 
depth (103.5 cm).  This may be due to the 
positive effect of disc harrow with shallow 
depth on encouraging plant growth under 
submergence condition. 

 

Table (4): Rice yield and its contributing variables as affected by tillage methods and 
depths 

00-grain 
weight 

Plant 
height(cm) 

Straw yield 
(ton/fed) 

Grain yield 
(ton/fed) 

Treat. 
Depth * tillage 

15.15 111.3 5.10 3.00 D1 Disc 
harrow 
(M1) 

13.14 111.5 4.73 2.93 D2 
10.61 105.5 4.03 2.75 D3 
12.97 109.42 4.62 2.89 Mean 
13.11 110.50 4.86 2.588 D1 Chisel 

plough 
(M2) 

10.83 107.50 4.75 2.375 D2 
10.54 104.50 3.83 2.030 D3 
11.49 107.50 4.48 2.330 Mean 
12.89 108.5 4.66 2.485 D1  

Subsoiler 
(M3) 

10.69 106.5 4.41 2.288 D2 
10.53 103.5 3.42 1.951 D3 
11.37 106.17 4.16 2.240 Mean 

** ** ** ** F test 
13.72 110.1 4.87 2.691 Mean       D1 
11.55 108.5 4.73 2.499 Mean       D2 
10.56 104.5 3.76 1.944 Mean       D3 

** ** ** ** F test 
0.15 0.48 0.42 0.22 LSD       0.05 % 
0.20 0.66 0.14 0.29 LSD       0.01 % 
NS ** NS NS M*D 
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2.2: 1000- grain weight: 
It can be observed from the data that the 

tillage methods have insignificant effect on 
1000-grain weight, while it is significantly 
affected by tillage depths. The 1000-grain 
weight is decreased with increasing tillage 
depth from 15 cm to 35 cm by about 
20.13%. The interaction between tillage 
methods and depths has insignificant effect 
on 1000-grain weight.  
 
2.3 Grain and straw yields: 

It is clear from the data presented in 
Table (4) that tillage methods and depths 
significantly affected the rice grain and straw 
yields. Using of disc harrow, chisel or 
subsoiler for soil tillage produce 2.89, 2.33 
or 2.24 ton grain/fed, respectively and 
produce 4.72, 4.48 or 4.16 ton straw /fed, 
respectively. Concerning the effect of tillage 
depths on grain and straw yields, it can be 
observed from the data that increasing the 
ploughing depth from 15 cm 35 cm 
decreases the grain yield from 2.691 to1.944  
ton /fed, while the straw yield is decreased 
from 4.87  to 3.76 ton /fed, respectively. The 
interaction between tillage methods and 
depths has insignificant effect on grain and 
straw yields. Therefore, general conclusion 

can be deduced that the highest significant 
values of yield or yield components of rice 
are achieved using disc harrow with shallow 
tillage depth. 
 
3. Some water relations: 
3.1. Sugar beet. 
3.1.1. Amount of water applied: 

Data in Table (5) declare that the 
amounts of irrigation water applied to 
sugarbeet are clearly affected by different 
tillage treatments. The amount of water 
applied with subsoiling (3093 m3/fed) is 
higher than those applied with disc harrow 
(2653.7 m3/fed) or chisel plough (2861.9 
m3/fed). The amount of water applied is 
increased from 2780 to 2953 m3/fed with 
increasing the tillage depth from 15 to 35 
cm. Therefore, the highest amount of water 
is applied with subsoiling at 35 cm depth 
(3158.8 m3 /fed), while the lowest amount is 
applied with disc harrow at the shallowest 
tillage depth (2525.4 m3/fed). It is worthy to 
mention that the highest water saving 
percentage (20.05%) is achieved with disc 
harrow at 15cm depth. These results are 
supported by El-Khateeb et al (2009) and 
Jabro et al (2010). 

 
Table (5): Amounts of water applied, stored and consumed by sugar beet with tillage 

methods and depths (season 2009/2010). 
Treatment Water 

applied 
m3/fed 

Water stored 
m3/fed 

Water 
consumed 

m3/fed 

Irrigation 
application 

efficiency (%) 
Tillage types Depth 

tillage(cm) 
 

Disc harrow 
15 2525.4 1963.50 1854.3 77.76 
25 2673.72 1980.72 1930.7 74.08 
35 2761.92 2039.94 1938.30 73.86 

Mean 2653.7 1994.72 1907.8 75.23 
 

Chisel 
plough 

15 2796.78 2011.38 1770.7 71.92 
25 2850.96 2052.12 1837.9 72.00 
35 2937.90 2084.46 1978.6 70.95 

Mean 2861.9 2049.32 1862.4 71.62 
 

Subsoiler 
15 3018.96 2104.62 1827.8 69.71 
25 3101.28 2138.22 1895.0 68.95 
35 3158.82 2163.84 1954.7 68.85 

Mean 3093.0 2135.56 1892.5 69.17 
 

 ۲ 
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3.1.2 Actual water consumptive use 
of sugar beet: 

From the obtained data (Table 5), it can 
be noticed that the highest value of water 
consumptive use by sugar beet is recorded 
with subsoiler at 35cm depth (1954.7 
m3/fed.), while, the lowest value is detected 
with chisel plough at 15cm depth (1770.7 
m3/fed.). 

 
3.1.3. Water application efficiency: 

Water application efficiency is one of the 
most important criteria used to describe the 
field irrigation efficiency. The highest value 
of water application efficiency for sugar beet 
means less values of deep percolation 
below the root zone and surface runoff at 
the tail end of the irrigated area. Generally, 
irrigation application efficiency value is 
increased as the amount of water applied 
decreased. It is obvious from the data that 
the maximum value of water application 
efficiency (77.76%) is obtained by disc 
harrow with 15 cm depth, while the minimum 
water application efficiency (68.85%) is 
obtained from tillage by subsoiler at 35cm 
depth. 
 
3.1.4 Field and crop water use 

efficiencies (FWUE & CWUE): 
Data of FWUE & CWUE are presented in 

Table (6). These efficiencies determine the 
capability of plants to convert the applied or 
consumed water to crop yield. The highest 

value of FWUE (6.12 kg/ m3) is obtained 
with tillage by disc harrow at 35cm depth, 
while the lowest value (5.01 kg/ m3) is given 
by plowing subsoiler at 15cm depth. 
Concerning the CWUE in terms of kg root/ 
m3 of water consumed, the data reveal that 
the subsoiling treatment achieves value of 
CWUE higher than those obtained with disc 
harrow or chisel plow .The increasing of 
tillage depth from 15 to 35 cm increases 
CWUE value from 8.11 to 8.96 kg root / m3. 
The highest value of crop water use 
efficiency (9.49 kg/ m3) is achieved with 
subsoiler at 25cm depth, while the lowest 
value (7.54 kg/ m3) is recorded with disc 
harrow at 15 cm depth. 

 
3.1.5 Soil moisture extraction pattern 

with sugar beet: 
Data of soil moisture extraction from the 

effective root zone by sugar beet roots are 
shown in Table (7). The results illustrate that 
the major extraction of soil moisture is 
occurred in the upper layer (0 - 20 cm), but it 
is decreased in the subsurface layer. 
Therefore, the minimum extraction of soil 
moisture occurs in the deepest layer (40 to 
60cm) with all methods and depths of tillage. 
Also, it can be concluded that about 50 -
60% of total water consumed by sugar beet 
plants is extracted from 0-20 cm layer under 
different tillage treatments .This behavior 
may be due to that the most effective of its 
roots are concentrated in the top layer. 

 
Table (6): Values of field water use efficiency (FWUE) and crop water use efficiency 

(CWUE) with sugar beet under different treatments. 
UE kg 
sugar 
/fed. 

FWUE kg 
sugar 
/fed 

Sugar 
kg/fed. 

CWUE 
kg root 
/fed. 

FWUE 
kg root 

/fed. 

Root 
yield 

kg/fed. 

Water 
consumptive 

m3/fed. 

Water 
applied 
m3/fed. 

Treatment 
Depth 
tillage 

cm 

Tillage 
types 

1.19 0.88 2210 7.54 5.54 13990 1854 2525 15 Disc 
harrow 0.99 0.72 1920 8.06 5.82 15570 1931 2674 25 

1.14 0.79 2200 8.72 6.12 16900 1938 2762 35 
1.11 0.80 2110 8.11 5.83 15486.6 1907. 7 2653.7 Mean 
1.24 0.78 2200 8.08 5.11 14300 1770 2797 15 Chisel 

plough 1.40 0.90 2580 9.05 5.83 16630 1838 2851 25 
1.35 0.91 2670 8.68 5.85 17180 1979 2938 35 
1.33 0.86 2483 8.6 5.59 16036.7 1862.3 2862.0 Mean 
1.21 0.74 2220 8.72 5.01 15120 1828 3019 15  

Subsoiler 1.47 0.90 2790 9.49 5.80 17990 1895 3101 25 
1.42 0.88 2780 9.48 5.87 18530 1955 3159 35 
1.37 0.84 2596.7 9.23 5.56 17213.3 1892.7 3093.0 Mean 

 ۲ 
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Table (7): Mean values of soil moisture extracted by sugar beat from different layers as 
affected by different treatments in 2009 season. 

Tillage treatment Soil moisture extraction 

 Type Depth (cm) Soil layers cm 

0-20 20-40 40-60 

 
Disc harrow 

15 50.17 32.26 17.57 

25 56.74 28.25 15.02 

35 59.76 30.06 10.18 

 
Chisel plough 

15 51.58 31.16 17.26 

25 51.73 32.85 15.42 

35 57.03 32.18 10.79 

 
Subsoiler 

15 55.49 29.22 10.29 

25 57.11 31.56 11.33 

35 60.51 28.65 10.84 

 
3.2 Rice crop: 
3.2.1: Amount of water applied: 

The amount of irrigation water delivered 
to each rice plot was measured and shown 
in Table (8). The amount of water applied to 
rice field with subsoiling tillage (5576 m3    

/fed) is higher than those applied with disc 
harrow or chisel plough (4995 or 5073 m3    
/fed, respectively). On the other hand, the 
increasing of tillage depth from 15 cm to 35 
cm markedly increases amount of water 
required for rice crop. Consequently, 
subsoiler method with 35cm tillage depth 
receives the highest amount of irrigation 
water (6178 m3/fed), while the lowest value 
(4767 m3/fed) is given by disc harrow with 15 
cm tillage depth.  
 
3.2.2 Water utilization efficiency: 

  It can be noticed from the data in Table 
(8) that water utilization efficiency of rice is 
higher with disc harrow than those with 
chisel or susoiler plough (0.54, 0.46 or 0.39 
kg/ m3, respectively). Also, utilization value 
is in somewhat decreased with increasing 
the tillage depth. Therefore, disc harrow with 
15 cm depth tillage considered the best 

treatment with rice since it achieves the 
highest water utilization efficiency (0.63 kg 
rice grain/ m3) ,while the lowest value is 
recorded under subsoiler plough with 35cm 
depth (0.28 kg grain / m3). 
 
4. Basic infiltration and cumulative 

infiltrated depth:   
The obtained data presented in Table (9) 

show that using subsoiler as a method of 
tillage followed by chisel and disc harrow 
has an appreciable increase in the basic 
intake rate and cumulative infiltrated depth 
after harvesting of sugar beet and rice 
compared to those obtained before 
experiment. With respect to tillage depth, the 
data show that as the depth of tillage 
increases, the basic intake rate and 
cumulative infiltrated depth are increased. 
The highest values of basic infiltration rate 
and cumulative infiltration with sugar beet 
and rice are achieved by subsoiler with 35 
cm depth, while the lowest values are 
obtained with disc harrow at 15cm depth. 
These results are in agreement with those 
reported by Versa et al. (1997).  
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Table (8): Amounts of irrigation water applied and water utilization efficiency with 
rice (2010). 

Tillage types Depth 
tillage cm 

Rice grain yield 
kg/fed. 

Water applied m3/fed. Water utilization 
efficiency kg/ m3 

 
Disc harrow 

15 3000.0 4767.0 0.63 

25 2933.0 4836.0 0.61 

35 2050.0 5382.0 0.38 

mean 2661.0 4995 0.54 

 
Chisel 
plough 

15 2588.0 4785.0 0.54 

25 2375.0 5018.0 0.47 

35 2030.0 5418.0 0.37 

mean 2331.0 5073.0 0.46 

 
Subsoiler 

15 2485.0 5025.0 0.49 

25 2188.0 5525.0 0.40 

35 1751.0 6178.0 0.28 

mean 2141.3 5576 0.39 

  
Table (9): Infiltration rate and cumulative before treatment& planting and after harvesting 

sugar beet and rice. 
After harvesting 

rice 
After harvesting 

sugar beet 
Before planting Before 

treatment 
Depth 
(cm) 

treatment 
 

Cum 
.cm/hr 

B-IR 
cm/hr 

Cum. 
cm/hr 

B-IR 
cm/hr 

Cum. 
cm/hr 

B-IR 
cm/hr 

Cum 
.cm/hr 

IR 
cm/hr 

6.5 0.6 6.1 0.5 4.4 0.5   15  
Disc 
harrow 
 

7.3 0.7 6.9 0.6 5.4 0.5   25 
7.9 0.8 5.9 0.7 5.5 0.6   35 
7.2 0.70 6.3 0.60 5.1 0.53 4.6 0.4 Mean 
6.9 0.7 5.7 0.6 4.5 0.5   15  

Chisel 
plough 
 

7.6 0.8 7.2 0.7 5.0 0.6   25 
8.1 1.0 6.6 0.8 5.9 0.7   35 
7.5 0.83 6.5 0.70 5.1 0.60 4.6 0.4 Mean 
7.5 0.8 6.7 0.8 5.1 0.6   15 Subsoiler 
8.2 0.9 7.9 0.9 6.0 0.7   25  
8.9 1.2 8.1 1.0 6.8 0.8   35 
8.2 0.97 7.57 0.90 5.97 0.70 4.6 0.4 Mean 

 
 
 
 

 ۲ 
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5. Soil salinity and sodium 
adsorption ratio:  

Soil salinity values after harvesting of 
sugar beet and rice crops and their rates of 
change as affected by different tillage 
treatments are shown in Tables (10 and 11). 
The obtained data reveal that soil salinity is 
decreased after harvesting of sugar beet 
from 19.27dS/m (before experiment) to 
12.89, 11.03 and 10.26 dS/m with disc 
harrow, chisel and subsoiler ploughs, 
respectively. While after harvesting of rice 
crop, the soil salinity values are decreased 
from 19.27dS/m to 9.49, 9.42 and 9.18 dS/m 
for the stated methods of tillage, respectively 
.The change of salinity decreases after 
harvesting of sugar beet as compared to 
that before planting are 33.1, 42.6 and 46.8 
% for disc harrow, chisel plough and 
subsoiler, respectively, while after harvesting 
of rice crop, the rate of changes are 50.8, 
51.1 and 52.3 % for the same treatments, 
receptivity. Therefore, the leaching efficiency 
of salts from the soil with either sugar beet 
or rice can be arranged in the following 
descending order: subsoiling › chisel plough› 
disc harrow. The values of sodium 
adsorption ratio take approximately the 
same trend.  
 
6- Economic Evaluation:- 

Economic evaluation of different 
treatments for sugar beet and rice are listed 
in Table (12) to compare total cost , income 
and net return under types of tillage. Total 
income of sugar beet is based on the 
productivity of root yield, while the total 
income of rice is based on productivity of 
grain yield. Total costs included the costs of 
tillage installation, agricultural practices, 
fertilizers, pesticide and land rent of sugar 
beet and rice are affected by types of tillage. 
The highest net return value (2310 LE/fed.) 
is achieved with subsoiling under cultivation 
of sugar beet ,while under cultivation of rice 
the highest value of net return (1320 
LE/fed.) is obtained with disc harrow. The 
highest values of investment factor are 
resulted with subsoiling under cultivation of 
sugar beet crop and with chisel plough 

under cultivation of rice. It can be concluded 
that the highest farmer income from sugar 
beet is achieved with subsoiling and from 
rice with disc harrow. 
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 لأملاحِ بالتربة اوتوزیعَ والأرزَّ تأثیر طرقِ وأعماقِ الخدمة على انتاجیةِ بنجر السكّرَ 
 و كفاءةً اَستخدام المیاة في الأراضى المتاثرة بالأملاح في شمال الدلتا

 

 ،ر شعبان عنتر عنت،  محمود ابو الفتوح عیاد عبد السلام الصناط ،محمد جمال 
 زاملبهجت عبد القوى 

مركز البحوث الزراعیة -وث الأراضى والمیاة والبیئةمعهد بح  

 الملخّص العربى
أجریــت "تجــربتین حقلِیتــین فــي محطــةِ البحــوث الزراعیــة بســخا ،محافظــة كفــر الشّــیخ بشــمال الــدلتا خــلال الموســم 

محـراث ) لدراسة تأثیرِ ثلاثة مِنْ طرقِ الخدمة ؛ المحـراث القرصـى ،  ال٢٠١١) والصیفى (٢٠١٠/٢٠١١الشتوى  (
الأرزَّ وبنجـــر الســـكّرَ، بَعْـــض  انتاجیـــةســـنتیمتر علـــى  ٣٥و ٢٥، ١٥الحفـــار والمحـــراث تحـــت التربـــة، بثلاثـــة أعمـــاقِ 

وعلاقاتِهــا المائیِــه. وكــان التصــمیم التجریبــي قطــع منشــقة مــع  أربعــة مكــررات،  الأرض الكیمیائیــة والطبیعیــةخــواص 
 :تْ النَتائِج أنّ الخدمة.وبینصّصتْ القطع المنشقة لأعماقِ حیث خُصّصتْ القطع الرئیسیة  لطرقِ الخدمة و خُ 

إلى زیـــادةِ ســـنتیمترِ  ٣٥ علـــى عمـــق محصـــول بنجـــر الســـكّرِ تـــاثر معنویـــا بطـــرقِ وأعمـــاقِ الخدمـــة. و أدّى الحِـــرثَ * 
 سنتیمترِ، على التوالي.  ٢٥و  ١٥%  مقارنة بالأعماق  ٤.٦١و ١٧.٤٦جذور البنجر بحوالى  محصول 

طَنّ / فـدان مـع المحـراث القرصـى ،  المحـراث  ١٧.٢١و ١٦.٠٤، ١٥.٤٩سط محصول جذور البنجرِ متو كان  *
 ٢٥، ١٥الحفار والمحراث تحت التربة ،على التوالي . وكان متوسـط محصـول جـذور البنجـرِ مـع أعمـاقِ الخدمـة 

ــــ ١٧.٥٤و ١٦.٧٣، ١٤.٤٧ســــنتیمتر  ٣٥، ــــى التــــوالي. بینمــــا كــــان محصــــول السُ ــــدان، عل ــــنّ / ف كّرِ حــــوالى طَ
طَنّ / فدان مع المحراث القرصى ،  المحراث الحفار والمحراث تحت التربة ، علـى  ٢.٥٩٨و ٢.٤٨٦، ٢.٥٦٥
ســـنتیمتر ، علـــى  ٣٥و ٢٥، ١٥طَـــنّ / فـــدان مـــع اعمـــاق الخدمـــة  ٢.٧٩٠و ٢.٦٤٦، ٢.٢١٢حـــوالى و التــوالي، 
 التوالي. 

 .سنتیمترِ  ٣٥لعمق كانت أعلى القیم للبوتاسیوم والنیتروجین الأمیني % ودرجة نقاوةِ مع الحرث تحت التربة * 
باســتعمال المحــراث الحفــارمع عمــق  ومكوناتــهصــولَ الأرزِّ فــي الموســم الثــاني، تــم الحصــول علــى اكبــر قــیم  لمح * 

 مة على هذه الصفات غیر معنوى.سم ، بینما كان تأثیرالتفاعل بین طرقِ وأعماقِ الخد١٥خدمة 
ســـنتیمترِ. بینمـــا  ٣٥كانـــت مَـــع المحـــراث تحـــت التربـــة بعمـــقِ الســـكر والأرز لبنجـــر قیمـــة  للمـــاءِ المضـــافِ  أعلـــى* 

 .ترِ َ سنتیم ١٥على عمقِ  القرصيتحققت اقل قیمة مَع المحراث 
ـــىِ  جرام جـــذور/متر مكعـــب) تحققـــت مَـــع كیلـــو  ٦.١٢(لبنجـــر الســـكر * القیمـــة الأعلـــى لكفـــاءةِ إســـتخدام المـــاءِ الحقل

كــج جــذور/ متــر مكعــب) مــع الحــرث تحــت  ٥.٠١بینمــا اقــل قیمــة (◌ِ  ســنتیمتر ٣٥المحــراث القرصــى علــى عمــقِ 
 .سم  ١٥التربة لعمق 

 7 



 
 
 
 
Effect  of  tillage  methods  and  depths  on  sugar beet  and  rice  yields,………. 

كیلــوجرام جــذرِ / متــر مكعــب) تحققــت مَــع  ٩.٤٩(لبنجــر الســكر* القیمــة الأعلــى لكفــاءةِ إســتخدام المــاءِ المحصــولىِ 
كج جذور/ متر مكعب) مـع المحـراث  ٧.٥٤بینما كانت اقل قیمة ( ِ سنتیمتر ٢٥ربة على عمقِ المحراث تحت الت

 .١٥على عمقِ  القرصي
* ، متـر مكعـب /فـدان) و أعلـى كفـاءةِ إسـتخدامِ  ٤٧٦٧اقل قیمة  للمـاءِ المضـاف ( تم الحصول علي بالنسبة للأرزِّ

حقــق  بینمــا ،ســنتیمترِ  ١٥لقرصــى علــى عمــق متــر مكعــب) مــع المحــراث ا / كیلــوجرام حبــوبِ  ٠.٦٣للمیــاة  (
كفــاءة اقــل و متــر مكعب/فــدان)  ٦١٧٨(  ء المضــافســنتیمترِ اكبــر قیمــة للمــا ٣٥عمــقِ  المحــراث تحــت التربــة و

 كیلوجرام حبوب/ متر مكعب). ٠.٢٨ ( للمیاهإستخدامِ 
 ٣٥حققـت مـع الحـرث العمیـق  و عمـق * اكبر القیم لمعدلِ التسرّبِ الأساسیةِ والتجمیعى مع  بنجر السكّرِ والأرزِّ ت

 .سنتیمترِ  ١٥سنتیمترِ ، بینما اقل القیم تحققت مع المحراث القرصى  و عمق 
* اكبـــر معـــدل لغســـیل  أمـــلاحِ التربـــة بعـــد حصـــاد كـــلا مـــن البنجـــر والأرز تحقـــق مـــع  المحـــراث تحـــت التربـــة  یلیـــة 

 سم. ٣٥المحراثِ الحفار خاصة مع عمق 
 علــى عائــد للمــزارع تحقــق مــع معاملــة الحــرث تحــت التربــة لمحصــول بنجــر الســكر بینمــا* اتضــح مــن الدراســة ان ا

 اعلى عائد من محصول الارز مع المحراث القرصى. تحقق

 ۸ 
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Table (10):  Soil salinity and its rate of change after harvesting of sugar beet and rice crops as affected by methods and depths of 
tillage. 

 

Tillage 
method 

ECe 
before 
exp. 

ECe after harvesting of 
sugar beet 

 

Mean 

Rate of change % 

 for tillage depth 

 

Mean 

ECe after harvesting 
of rice 

 

Mean 

Rate of change % 

 for tillage depth 

 

Mean 

Tillage depth (cm) Tillage depth (cm) 

15 25 35 15 25 35 15 25 35 15 25 35 

Disc 
harrow 19.27 15.7 13.35 9.61 12.89 18.53 30.72 50.13 33.1 11.15 9.43 7.88 9.49 42.14 51.06 59.11 50.8 

Chisel 
plough 19.77 10.95 11.91 10.24 11.03 43.18 38.19 46.86 42.7 8.54 10.3 9.43 9.42 55.68 46.55 51.06 51.1 

Subsoiler 19.27 10.71 10.4 9.67 10.26 44.42 46.03 49.82 46.8 9.12 9.51 8.92 9.18 52.67 50.65 53.71 52.3 

Mean 19.44 12.45 11.89 9.84 11.39 35.38 38.31 48.94 40.9 9.6 9.75 8.74 9.36 50.16 49.24 54.63 51.4 

 
 
Table (11): Sodium adsorption ratio and its rate of change after harvesting of sugar beet and rice crops as affected by tillage 

methods and depths. 

Methods 
of tillage 

SAR 
before 
exp. 

SAR after harvesting of 
sugar beet 

 

Mean 
Rate of change % 

for tillage depth Mean 

SAR after harvesting  
of rice 

Mean 

Rate of change % 

for tillage depth Mean Tillage depth (cm) Tillage depth (cm) 

15 25 35 15 25 35 15 25 35 15 25 35 

Disc 
harrow 

21.35 18.7 18.0 15.27 17.32 12.41 15.69 28.48 18.86 16.47 15.07 13.8 15.11 22.86 29.41 35.36 29.21 

Chisel 
plough 

21.35 16.3 17.0 15.8 16.37 23.65 20.37 26.0 23.34 14.4 15.73 15.13 15.09 32.55 26.32 29.13 29.33 

Subsoiler 21.35 16.13 15.9 15.33 15.79 24.45 25.53 28.2 26.06 14.97 15.2 14.73 14.97 29.88 28.81 31.01 29.9 

Mean 21.35 17.04 16.97 15.47 16.49 20.17 20.53 27.56 22.75 15.28 15.33 14.55 15.06 28.44 28.18 31.83 29.48 

Effect  of  tillage  m
ethods  and  depths  on  sugar beet  and  rice  yields,…

…
…

.  



 
 
 
 
 
 

Table (12): Economic evaluation of different treatments for sugar beet and rice. 
Investment 

factor 
Net return Profit LE/fed. Production cost LE/fed. 

Agronomic 
practices Sub 

soiler 
LE/fed. 

Chisel 
plough 
LE/fed. 

Disc 
harrow 
LE/fed. 

Sub 
soiler 

LE/fed. 

Chisel 
plough 
LE/fed. 

Disc 
harrow 
LE/fed. 

Sub 
soiler 

LE/fed. 

Chisel 
plough 
LE/fed. 

Disc 
harrow 
LE/fed. 

Sub 
soiler 

LE/fed. 

Chisel 
plough 
LE/fed. 

Disc 
harrow 
LE/fed. 

Sugar beet 

         210 150 150 plow 

-   - - - - - - 2030 1930 1930 Variable 
cost 

1.71 1.56 1.51 2310 1720 1570 5550 4800 4650 3240 3080 3080 Total 

Rice 

1.14 1.41 1.48 396 522 1320 3136 3262 4060 2740 2740 2740 Variable 
cost 

2.18 2.11 2.28 2706 2242 2890 8686 8060 8710 3980 3820 3820 Total 

 

El-Sanat, et al. 
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