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ABSTRACT 

The response of sunflower crop to furrow irrigation inflow rate and 

tillage system was investigated during summer growing season 2006. The 

experiments were conducted in clay soil. The furrow irrigation inflow 

rates were 1.16, 2.42 and 3.34 lit/sec. Meanwhile, the tillage system 

included (1) chisel plow one pass followed by disk harrow two passes, (2) 

chisel plow two passes followed by disk harrow one pass and (3) chisel 

plow three passes followed by disk harrow one pass. The results showed 

that there was significant effect of tillage system and furrow irrigation 

inflow rate on sunflower seed yield, plant height, head diameter, thousand 

seed mass and water use and application efficiency. However, the highest 

seed yield  (1.44 t/fed) was obtained by combination of tillage system 

(chisel plow three passes followed by disk harrow one pass) and 3.34 

lit/sec furrow irrigation inflow rate. Water use efficiency increased from 

0.598 to 0.655 kg/m
3
 as furrow irrigation inflow rate increased from 1.16 

to 3.34 lit/sec when preparing the soil with chisel plow three passes 

followed by disk harrow one pass. Water application efficiency increased 

from 74.9 to 80.9% as furrow irrigation inflow rate increased from 1.16 

to 3.34 lit/sec when preparing soil with chisel plow two passes followed 

by disk harrow one pass. Mathematical model was derived from 

experimental data to get the sunflower seed yield in easy way by multiple 

regression analysis as function of soil mean weight diameter, plowing 

depth and furrow irrigation inflow rate with R
2
 of 0.95. Finally, the 

results of this research could help in planning, design and management of 

surface irrigation schemes in clay soils.  
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INTRODUCTION 

unflower is one of the most important annual crops in the world 

grown for edible oil (de la Vega and Hall, 2002) and for vegetable 

oil (Allen et al., 1983). So, it is recommended to increase the 

planting area of sunflower in Egypt.  The production and planted area of 

sunflower in Egypt were 47.31×10
3 

ton and 47857 feddan, respectively 

during season 2004 with average yield of 0.99 ton/fed (Arab Organization 

for Agricultural Development, 2005).  

As our agricultural land and water resources are becoming more limited, 

conservation is becoming an increasingly important topic. There are 

different ways to conserve water. One of these ways is by improving soil 

properties using alternative cropping systems and using different farming 

practice systems. Researchers are interested to determine whether 

practice-farming systems have a negative, positive, or no effect on 

sunflower crop yield and water efficiency under surface irrigation method 

in clay soil. One main reason for the increased production of sunflower is 

its adaptability to dry land conditions, thanks to early sowing, short 

growing cycle and high rooting depth (Monotti, 2004). There are, 

however, also other technical and economical reasons: sunflower is an 

excellent preceding crop for wheat; all cropping practices can be easily 

mechanized; the high price of grain, at least until recent years (Monotti, 

2004).  

Seedbed preparation and irrigation are major factors in crop production. 

So, it is recommended that more care should be taken in selecting the 

proper tillage system and irrigation method for crop production. Many 

different tillage systems can be used effectively for sunflower production 

as mentioned by numerous studies in Egypt and around the world. Each 

tillage system depends on many factors such as availability of the tillage 

machine, type of soil…etc. On the other hand, sunflower has well-

developed root systems, deep plowing is necessary (Botta et al., 2006). 

However, deep tillage and/or mulching helped the crop to use water 

efficiently by increasing the depth and density of rooting in production of 

sunflower crop (Gajri et al., 1997).  

Attia et al. (1994) mentioned that irrigation interval and plant density had 

significant effect on sunflower yield in calcareous soil. El Biely (1995) 

S 



 

   Misr J. Ag. Eng., January 2008 
 

40 

reported that the moldboard plow gave the highest yield (0.934 t/fed) of 

sunflower crop compared with the chisel and rotary plows. Bonari et al. 

(1996) observed that sunflower yields were affected by tillage systems 

when weather conditions were favorable, the lowest yields being observed 

with disk harrowing. Kassab (1997) studied the effect of different tillage 

systems as chisel plow one pass, chisel plow two passes and rotary plow 

on sunflower yields and water utilization and use efficiency. Results of his 

research showed that chisel plow two passes gave the highest values of 

water utilization efficiency of 0.510 kg/m
3
, water use efficiency of 0.660 

kg/m
3
 and sunflower yield of 1.22 t/fed.  

Nasr et al. (1998) studied the effect of six-seedbed preparation systems of 

sunflower crop production in clay loam soil. The results reveled that the 

tillage system consisted of chisel plow two passes followed by tooth 

harrow, land leveler and ridger gave highest value of seed yield 

production (1.13 t/fed). Taieb (1998) evaluated three tillage systems in 

clay loam soil for producing sunflower crop (pioneer variety). The tillage 

system consisted of moldboard plow followed by scraper gave the highest 

seed yield of sunflower (1.41 t/fed) compared to chisel plow one pass 

followed by scraper (1.17 t/fed) and rotary plow only (1.14 t/fed). 

 Kassem (2000) showed that the growth of sunflower plant, the crop yield 

and the water use efficiency were affected by irrigation method. However, 

in furrow irrigation method, the amount of applied water was higher and it 

was 112.9 cm/season compared to drip and subsurface irrigation methods. 

Helmy et al. (2000) found that the sunflower yield was 1.14 t/fed when 

using canal irrigation water with furrow irrigation and 3087 m
3
/fed/season 

of applied water in sandy loam soil. Badawy et al. (2001) investigated 

different seedbed preparation systems on sunflower yield (Helianthus 

variety) produced in clay soil. They found that the highest seed yield (1.29 

t/fed) was obtained using moldboard plow followed by disk harrow 

followed by leveler. Their results reveled that maximum crop water use 

efficiency was 0.640 kg/m
3
 under the same tillage system.  

Yehia (2002) showed that the highest seed yield was 1.90 t/fed when soil 

was prepared by moldboard plow followed by disk harrow and the 

planting of sunflower seeds was achieved manually. El Berry et al. (2003) 

indicated that the average irrigation applied water was 2556 m
3
/fed/season 
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by the surface irrigation when planting sunflower crop (Euroflor variety) 

in sandy soil. Average water use efficiency was 0.561 kg/m
3
 and the yield 

was 1.42 t/fed. Sayed et al. (2004) indicated that the applied irrigation 

water varied from 2200 to 1300 m
3
/season for furrow irrigation method 

during planting sunflower crop using saline water in calcareous soils. 

Metwalli et al. (2004) indicated that in sandy clay loam soil, the 

subsoiling depth of 65 cm and the distance between shares of  2×2 m gave 

the highest yield  (1.34 t/fed) of sunflower crop compared to 55 and 45 

cm subsoiling depth.  

Sunflower is generally considered drought-resistant, but significant 

reduction in yield has been observed due to water stress. This is because 

the water requirements of sunflower are higher than for other crops. Water 

availability is one of the agronomic factors that can influence the 

production and quality of sunflower oil (Santonoceto et al., 2003).  

Good soil drainage is required for sunflower production. Excess water is 

detrimental to sunflower and the number of irrigations required depends 

upon environmental conditions particularly rainfall and the rate of 

evaporation (Putnam et al., 1990). 

Abd El Rahaman (1985) indicated that water use efficiency increased as 

the irrigation discharge increased. For the irrigation discharge of 4 lit/sec, 

the water use efficiency recorded the highest value (2.95 kg/m
3
) under 0.2 

% soil slope compared to other irrigation discharges of 2 and 3 lit/sec that 

gave 2.32 and 2.67 kg/m
3
 of Egyptian clover in alluvial clay loam, 

respectively. Abo El Kheir et al. (1999) showed that decreasing the water 

supply to sunflower plants by extending the interval between successive 

irrigations led to a progressive significant reduction in seed yield. Morsi 

(2001) indicated that the water use efficiency decreased as the irrigation 

discharge increased. For irrigation discharges of 1.95, 4.26, 6.20 and 8.50 

lit/sec, the water use efficiency recorded 0.886, 0.886, 0.840 and 0.818 

kg/m
3
, respectively for corn crop in clay soil under any of furrow length 

of 40, 60, 80 and 100 m.  

El Saadawy (2004) indicated that the applied water decreased as the 

irrigation discharge increased. For the irrigation discharge of 2 lit/sec, the 

water use efficiency recorded the highest value for any of the used tillage 

systems compared to other irrigation discharges of 1.5 and 3 lit/sec. 
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Kadayif and Yildirim (2000) indicated that the highest sunflower seed 

yields were obtained when adequate irrigation water was applied during 

the total growing season. Erdem et al. (2006) showed that irrigation levels 

significantly affected seed yield of sunflower crop. Nasseri and Fallahi 

(2007) mentioned that the relationships between crop yield and water 

applied such as water use efficiency and water production were necessary 

for application in planning, design and management of irrigation schemes. 

The objectives of this research were: 

1. To study the effect of furrow irrigation inflow rate with the 

combination of selected tillage systems on sunflower crop yield 

and some growth components, applied water and water 

application efficiency and water use efficiency. 

2. To derive mathematical model describing sunflower seed yield in 

easy way as function of soil weight mean diameter, plowing 

depth and furrow irrigation inflow rate. 

 

MATERIALS AND METHODS 

Site and treatments: 

The field experiments were carried out in the farm of Rice 

Mechanization Center, Meet El-Deepa, Kafr El-Sheikh 

Governorate during summer of growing season of 2006. The field 

experimental area was 1.157 feddan and it divided into three main 

plots, each one had area of 0.386 feddan with 30-meter length and 

20 meter width. Land leveling was carried out using laser 

controlled equipment with a certain slope 0.15% for field 

experimental area. Twenty-seven furrows were constructed in each 

plot. The furrow spacing was 60 cm apart in order to suit the water 

flow rates. All furrows in all plots were blocked-end. Different 

implements were used during seedbed preparation. The 

characteristics of these implements are shown in Table (1). After 

conducting tillage, traditional land leveling was done for all 

treatments. 
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Table (1): Characteristics of implements used in this research. 

Rated 

width 

Tilling 

depth 

Mass No. of 

shares 

Working 

speed Implement 

(cm) (cm) (kg) (---) (km/h) 

Remarks 

Chisel plow 175 20 400 7 3.2 

El Behera Rau 

mounted and hitched 

by Deutz tractor. 

Disk harrow 320 20 1000 36 disk 4.5 

Trailed, double 

acting, four groups, 

diameter of disks 

were 57 and 59 cm 

on front and rear 

groups, respectively 

and hitched by New-

Holland tractor. 

Leveler 300   770 ----- 3.5 

Trailed scraper with 

pneumatic 4 tires 

(16× 650/6), cutting 

depth changed by the 

hydraulic cylinder 

and hitched by Deutz 

tractor. 

Ridger 180   400 3 3.5 Mounted and hitched 

by Nasr tractor. 

----- ----- ----- ----- ----- Deutz (110 hp). 

----- -----  ----- ----- ----- New-Holland      

(165 hp). 
Tractors 

----- ----- ----- ----- ----- Nasr (65 hp.) 

Planting sunflower seeds variety (Sakha 53) was practiced 

manually at rate of 5 kg/fed in the middle of the furrows with one 

plant per hill. Spacing between hills was 60 cm. This variety needs 

about 105 days to maturity. The distance between seeds was 20 cm 

apart along the furrow. All the plots were ridged with three unit 

ridges. No-tillage system (control treatment) was not conducted 

due to this system gave lowest seed yield of sunflower in previous 

study (Badawy et al., 2001) and limited experimental area.  
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Sunflower furrows were irrigated by using three different spiles
*
 

size diameters. These diameters were 45.5, 60.15 and 70 mm, 

which gave three different furrow irrigation inflow rates  (Q1, Q2 

and Q3, respectively) based on changes of water heads over the 

center of spiles. 

 Split-plot design was used with two replicates. Meanwhile, tillage 

systems were as follows: 

- Chisel plow one pass followed by disk harrow two passes (T1). 

- Chisel plow two passes followed by disk harrow one pass (T2). 

- Chisel plow three passes followed by disk harrow one pass (T3). 

Nine treatments were laid out in completely randomized blocks with spilt-

plots design with two replicates. Treatment combinations comprised three 

levels of tillage system and three levels of furrow irrigation inflow rate. 

The main plots were assigned for the three tillage systems. Meanwhile, 

furrow irrigation inflow rates were randomly distributed in the sub plots. 

 

Field measurements: 

Soil weight mean diameter (clod size) was determined after preparing soil 

with tillage systems using set of sieves having square holes according to 

Van Bavell (1949). The set of sieves consisted of 75, 50, 25, 19, 15.5, 

6.3,4 and 2 mm mesh. The soil sample represents an area of about 50×50 

cm taken from three locations at the head, middle and tail of the 

experimental field to determine particle size distribution. Meanwhile, 

three samples at two depths were obtained from the experimental field 

before tillage using standard steel core to determine soil bulk density and 

soil moisture content. Soil moisture content was determined by the 

standard oven method by drying soil samples in oven at 105
o
C for 24 

hours. All soil characteristics were obtained according to Black et al. 

(1965). Average of some soil characteristics at the experiment site are 

shown in Table (2).  

___________________________ 

*Spile: Conduit, made of lath, pipe, or hose, placed through ditch banks to 

transfer water from an irrigation ditch to a field (ASABE Standards, 2006). 
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Table (2): Average of some soil characteristics at the experiment site. 

Particle size distribution Soil depth 

Sand Silt Clay 

Soil bulk 

density 

Soil moisture 

content 

(cm) (%) (%) (%) 

Texture 

class 

(g/cm
3
) (%, d.b) 

0-15 20.9 24.3 54.8 Clay 1.16 19.2 

15-30 23.7 21.1 55.2 Clay 1.25 17.3 

30-45 20.1 22.3 57.6 Clay 1.31 16.3 

45-60 18.1 20.7 61.2 Clay 1.34 15.8 

Five samples were taken randomly from each plot to determine plant 

height, head diameter, thousand seed mass and seed yield. Standard 

management practices were implemented regarding fertility; pest and 

seeding date.  Four irrigations were applied during sunflower growing 

season. During irrigation, advanced water in furrows was watched until 

reaching water to the end of furrows. At this moment, the supplying 

irrigation water source to the plot was closed and the irrigation time was 

recorded by digital stopwatch. Plowing depth was measured manually. 

Forward speed of each operation was determined by recording time 

required to cover distance of 10 m in the middle of experiments plots. The 

average working speed of each operation is shown in Table (1).  

Data analysis: 

The field data were analyzed statistically using SAS program (SAS, 1986) 

using ANOVA procedure. The different furrow irrigation inflow rates 

namely Q1, Q2 and Q3 (lit/sec) were calculated by the following equation 

(Michael, 1978): 

gHaQ 21061.0 3 ××= −
 (1)……….....…………………………… 

Where ‘H’ is water head above the center of spiles (cm) and ‘a’ is the area 

of cross-section of the orifice of the spiles (cm
2
) and ‘g’ is acceleration 

due to gravity (981 cm/sec
2
).  

The volume of water applied to the plot (V, lit) during each irrigation 

period was determined by the following equation: 

tQnV ××=  (2)……….....…………… ……….............……… 

Where ‘t’ is the time required to irrigate the plot (sec), ‘Q’ is the furrow 

irrigation inflow rate (lit/sec/furrow) and ‘n’ is number of furrows.  
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Water use efficiency (WUE, kg/m
3
) could be calculated according to 

James (1988) as follows: 

)//(

)/(
3 seasonfedmAW

fedkgY
WUE =  (3)…………………………………… 

Where Y is seed yield and AW is applied water during growing season. 

However, the applied water (AW, m
3
/fed/season) was calculated as 

follows: 















×
×∑=

=

=
23

24

1 600/(1000

)/(4200
)/(

mmlit

fedm
seasonlitVAW

i

i

 
(4)…………… ……....…… 

Water consumptive use was estimated for the 60 cm soil depth according 

to Israelson and Hansen (1962) as follows: 

42
100

)(4

1

12 ×××∑
−

=
=

=

ρ
θθ

DWCU
i

i

 (5)…………………… ……… 

Where ‘WCU’ is amount of water consumptive use (m
3
/fed/season), 1θ  

and
2θ  are soil moistures before and after irrigation (%, d.b), 

respectively, D is soil depth (15 cm) apart, ρ  is soil bulk density for the 

specific soil layer (g/cm
3
), 42 is conversion unit and subscript i = 4 means 

four irrigations.  

Water application efficiency (Ea, %) could be calculated according to 

Michael (1978) : 

100×=
AW

WCU
Ea  (6)………..……………………………………  

Multiple linear regression analysis was performed using the data analysis 

tool within Microsoft Excel package. The multiple linear regression 

analyses was performed on values obtained from field data to establish a 

mathematical relationship for estimating the seed yield of sunflower crop 

(Y, t/fed), dependent variable, as a function of the three main independent 

variables including: soil mean weight diameter (X1, mm), plowing depth 

(X2, cm) and furrow irrigation inflow rate (X3, lit/sec). The mathematical 

relationship has the following form: 

X3 βX2 βX1  β  Y 3210 ×+×+×+= β  (7)……….....… …… 

Where 0β , 1β , 2β  and 3β  are regression coefficients. Meanwhile, 

coefficient of determination (R
2
) was used as a criterion of robusting of 

the mathematical model of the seed yield of sunflower crop. 
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RESULTS AND DISCUSSION 

The average furrow irrigation inflow rate was determined based on 

different water heads above spiles during irrigation periods. The average 

values of Q1, Q2 and Q3 were 1.16, 2.42 and 3.34 lit/sec, respectively. 

Analysis of data showed that the tillage systems had significant effect on 

soil weight mean diameter and plowing depth (data not included).  

Figure (1) depicts the obtained soil weight mean diameters and plowing 

depths as a result of tillage systems in this research. It is clear that the 

tillage system ‘T1’ had higher soil weight mean diameter of 25.15 mm 

and lower plowing depth of 13.6 cm. Meanwhile, the tillage system ‘T3’ 

had higher plowing depth of 25.9 cm and medium soil weight mean 

diameter of 17.44 mm. Also, the tillage system ‘T2’ had lower soil weight 

mean diameter of 14.77 mm and medium plowing depth of 17.2 cm.  

 

 
Fig. (1): Obtained soil weight mean diameters and plowing depths as a 

result of tillage systems. 
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The analysis of variance given in Table (3) shows that  differences in seed 

yield, plant height, head diameter,  thousand  seed mass , water use 

efficiency and water application efficiency are highly significant  (P≤ 

0.01) among tillage systems. Also, differences in water consumptive use 

are significant (P≤ 0.05) among tillage systems. Meanwhile, differences in 

applied water and average irrigation time of four irrigations during 

growing season are not significant (P≤ 0.05) among tillage systems. 

Differences in seed yield, plant height, head diameter, thousand  seed 

mass, water use efficiency, water application efficiency, applied water and 

average irrigation time of four irrigations during growing season are 

highly significant (P≤ 0.01) among furrow irrigation inflow rates, Table 

(3). Meanwhile, differences in water consumptive use are significant (P≤ 

0.05) among furrow irrigation inflow rates.  

Differences due to interactions among tillage systems and furrow 

irrigation inflow rates are significant with the exception of those in head 

diameter, applied water, average irrigation time of four irrigations during 

growing season and water consumptive use. 

Effect of combination among tillage systems and furrow irrigation inflow 

rates  on seed yield, plant height,  head diameter, thousand  seed mass, 

water use  efficiency, water application efficiency, applied water, 

irrigation time of four irrigations during growing season and water 

consumptive use is shown in Table (4).  The highest value of seed yield 

was 1.44 t/fed. It was due to combination between higher furrow 

irrigation inflow rate (3.34 lit/sec) and tillage system ‘T3’. This result may 

be due to more uniformity of water distribution in that plot and 

improvement of soil aeration conditions. At any tillage system, the seed 

yield and water use efficiency had higher values when higher furrow 

irrigation inflow rate ‘Q3’ was applied, Table (4), compared to other 

furrow irrigation inflow rates. However, the obtained higher values of the 

seed yield and water use efficiency for tillage system ‘T3’ compared to 

other tillage systems may be because the uniformity distribution of water 

in the root zone when higher plowing depth (25.9 cm) was applied at 

medium soil weight mean diameter (17.44 mm).  
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Increasing soil weight mean diameter from 14.77 mm to 25.15 mm (i.e. 

70 %) results in decreased water application efficiency by 5.4 % at ‘Q3’ 

furrow irrigation inflow rate. Also, increasing plowing depth from 13.6 

cm to 25.9 cm (i.e. 48 %) results in increasing water application efficiency 

by 4.8 % when higher furrow irrigation inflow rate was applied. 

Meanwhile, increasing furrow irrigation inflow rate  from 1.16 to 3.34     

lit/sec (i.e. 189 %) increasing seed yield by 11, 2 and 5% and this 

increasing when conducting seedbed preparation by tillage systems ‘T1’, 

‘T2’ and ‘T3’, respectively.  

Water use efficiency increased from 0.598 to 0.655 kg/m
3
 as furrow 

irrigation inflow rate increased from 1.16 to 3.34 lit/sec when preparing 

the soil with tillage system ‘T3’, Table (4). Meanwhile, water application 

efficiency increased from 74.9 to 80.9% as furrow irrigation inflow rate 

increased from 1.16 to 3.34 lit/sec when preparing soil with tillage system 

‘T2’, Table (4). 

The values of applied water of four irrigations had no big differences 

among tillage systems. However, the tillage systems ‘T1’, ‘T2’ and ‘T3’ 

gave average values of 2268, 2228 and 2251 m
3
/fed/season of applied 

water of four irrigations, respectively, Table (4). Meanwhile, the values of 

applied water of four irrigations had differences among furrow irrigation 

inflow rates. However, the furrow irrigation inflow rates  ‘Q1’, ‘Q2” and 

‘Q3’ gave average values of  2324, 2229 and 2194 m
3
/fed/season of 

applied water of four irrigations, respectively, Table (4). 

Higher furrow irrigation inflow rate ‘Q3’ gave higher water application 

efficiency, Table (4), at any tillage system. This result agreed with 

Kassem and El Khatib (2000) who mentioned that increasing furrow 

irrigation inflow rate from 0.7 to 2.1 lit/sec results in increasing water 

application efficiency from 67.22 to 71.6% at furrow length 50 m in clay 

soil. However, the higher values of water application efficiency mean less 

deep percolation losses below sunflower root zone and less furrow tail 

water.  
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There are differences among tillage systems for values of water 

application efficiency, Table (4). However, the tillage system ‘T2’ gave 

higher values at any furrow irrigation inflow rates. This result may be due 

to that tillage system ‘T2’ had suitable combination between soil mean 

weight diameter (14.77 mm) and plowing depth (17.2 cm) and in this case 

less deep percolation occurred.  

Table (5) shows values of regression coefficients of sunflower seed yield 

model. It is shown that the soil weight mean diameter is inversely 

proportional to sunflower seed yield and this result was in agreement with 

El Marazky (2005). Plowing depth is directly proportional to sunflower 

seed yield and this result is in agreement with El Biely (1995).  

Meanwhile, furrow irrigation inflow rate is directly proportional to 

sunflower seed yield and this result was in agreement with El Sharkaway 

et al. (2005).  

Figure (2) illustrates comparison between the predicted and observed 

sunflower seed yield. By examining Fig. (2), it is relatively easy to 

visually verify that the obtained model from multiple linear regressions is 

performing well. The sunflower seed yield is more sensitive to furrow 

irrigation inflow rate.  The obtained statistical model for sunflower seed 

yield (Y, t/fed) is as follows:  

95.0007.0197.1 =×+×+×−= 2
RX30.035X20.01X1Y  

 

Table (5): Values of regression coefficients of sunflower seed yield model 

(Eq.7). 

Independent variables Regression coefficients Value 

Intercept 
0β  1.197 

Soil weight mean diameter (mm) 1β  -0.007 

Plowing depth (cm) 2β  0.01 

Furrow irrigation inflow rate  (lit/sec) 3β  0.035 
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Fig. (2): Comparison between the predicted and observed sunflower seed 

yield. 

 

CONCLUSION 

Conclusions can be summarized in the following points: 

1. There was significant effect of tillage systems and furrow 

irrigation inflow rates on sunflower seed yield, plant height, 

head diameter, thousand seed mass and water use and 

application efficiency. 

2. The highest seed yield of 1.44 t/fed was observed for 

combination of tillage system (chisel plow three passes 

followed by disk harrow one pass) and 3.34 lit/sec furrow 

irrigation inflow rate. 

3. Water use efficiency increased from 0.598 to 0.655 kg/m
3
 as 

furrow irrigation inflow rate increased from 1.16 to 3.34 lit/sec 

when preparing soil with chisel plow three passes followed by 

disk harrow one pass. 
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4. Water application efficiency increased from 74.9 to 80.9% as 

furrow irrigation inflow rate increased from 1.16 to 3.34 lit/sec 

when preparing soil with chisel plow two passes followed by 

disk harrow one pass. 

5. Increasing soil weight mean diameter from 14.77 mm to 25.15 

mm results in decreased water application efficiency by 5.4 % 

when higher furrow irrigation inflow rate (3.34 lit/sec) was 

applied. 

6. Increasing plowing depth from 13.6 cm to 25.9 cm results in 

increasing water application efficiency by 4.8 % when higher 

furrow irrigation inflow rate (3.34 lit/sec) was applied. 

7. The results of this research could help in planning, design and 

management of surface irrigation schemes in clay soils. 
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