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ABSTRACT 

Field experiments were conducted at the experimental farm of Sakha and 

Edko Agricultural Research Stations, Kafr El-Sheikh and Al-Behera 

Governorates (31° 05’ N latitude and 30° 56’ E longitude) during 2011 

summer season to study the effect of different land leveling methods and 

orifice flow rates on cotton yield for Giza 86 variety and some water 

relations under furrow irrigation using gated pipes in the salt affected 

soils. The treatments were arranged in a split – plot design with four 

replicates. The main plots were assigned to four land leveling methods 

namely: laser land leveling with zero, 0.05 and 0.1 % slopes in addition 

to traditional land leveling. Three orifice flow rates i. e. 1.5, 2.0 and 2.5 

l/s were allocated in the sub- plots. The main results in this study can be 

summarized as follows: - 

1- The laser land leveling method achieved the highest average values of 

water productivity (70.1 kg m-3 of water consumptive use), irrigation 

of water productivity (62.2 kg m-3 of water applied) and water 

application efficiency(95.2%) of cotton crop with 0.1% slope 

compared with the conventional land leveling method which recorded 

the lowest average values of WP(40.2 kg m-3 of water consumptive 

use), IWP(27.4 kg m-3 of water applied) and Ea(70.2%). This may be 

due to improvement of the soil moisture distribution in the root zone in 

case of the laser land leveling comparison with the conventional land 

leveling.  

2- The data indicated that the highest amount of water applied( 4112 m3 

fed.-1 )was recorded with the conventional land leveling method 

followed by laser land leveling at zero slope   (3365 m3 fed.-1  ) while, 

the lowest amount of water applied( 2376 m3 fed.-1 ) was  obtained the 

laser land leveling at 0.1% slope.  
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3- The furrow irrigation with gated pipes at 2.0 l/s orifice flow rate 

exhibited the highest average values of water productivity (60 and 

59.5 kg m-3 of water consumptive use ), irrigation of water 

productivity (48 and 46.3 kg m-3 of water applied), water application 

efficiency(85.1 and 75.9 %) and seed cotton yield (1349 and 1432 kg 

fed.-1 ) compared with other orifice flow rates(1.5 and 2.5 l/s). This 

may be due to increasing in soil moisture content in the root zone and 

also leashing and removing the soil salts.   

4- The highest values of seed  cotton yield ( 1515and 1609 kg fed.-1  ),  

number of opened bolls per plant ( 16.9and 18.6 bolls plant -1  , boll 

mass (3.95 and 3.62 g ), lint percentage ( 40.8 and 39.3 % ), seed 

index ( 12.3 and 11.6 g),  2.5 span length ( 34.5 and 32.7 ), fiber 

strength (42.8 and 41.5 g  tex -1  )  and plant height (115 and 105 cm ) 

were achieved with the laser land leveling method at 0.1 % slope and 

furrow irrigation regime using gated pipes at orifice flow rate of 2 l/s. 

5- The interaction between land leveling and orifice flow rate of gated 

pipes had significant effect on seed cotton yield, its components and 

irrigation efficiencies under study. On the other hand, the highest 

values of  seed cotton yield, seed index, boll mass, number of opened 

bolls and lint percentage were detected with the salt-affected 

soils(Edko region) because of increasing potassium and sodium 

cations ratio. 

   5- The laser land leveling at 0.1 % slope and furrow irrigation using 

gated pipes at 2.0 l/s orifice flow rate is recommended for irrigating 

cotton because it is very suitable in case of the old lands and that have 

salinization problems to obtain highest irrigation efficiencies and 

cotton yields. 

Keywords: Cotton, Gated pipes, Laser leveling, Orifice flow rate, water 

productivity. 

INTRODUCTION 

otton is the most important fiber crop used for making textile 

materials. It can be used in making a wide range of products, 

from diapers to explosives. It also still ranks as a major source of 

national income in Egypt. Cotton Productivity depends on a large number 

of environmental effects as well as crop and water management. An 

C 
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amount of irrigation water of 3400 and 4700 m3 fed.-1 has been 

recommended by Ministry of Water Resources and Irrigation for lower 

and upper Egypt, respectively. On the other hand, Ministry of Agriculture 

in their publications (1961 up till now) devoted famers to schedule cotton 

irrigation to be every 15 and 10 days for lower and upper Egypt, 

respectively.  

Water is the most limiting factor for plant production in arid and semiarid 

regions, and when the source of water is limited, the demand for water 

increases and water management will become an essential practice used 

by farmers. Surface irrigation is the oldest most used method of irrigation 

in Egypt. The gated pipe system  usually has uniformly spaced orifices 

which can discharge equal amounts of water from each outlet as required 

by the plant per irrigation. Using  the gated pipe system instead of ditches 

for conveying and distributing the irrigation water over the entire field 

may improve the surface irrigation, avoid weed problems, avoid loss of 

water by seepage and evaporation. There are many engineering factors 

affecting water distribution rates and uniformity of the gated pipe system 

as, pipe length and diameter, orifice spacing and diameter, pressure head 

and number of outlets operating simultaneously. The use of perforated 

pipes system is claimed to be one of the ways to improve the efficiency 

of the surface irrigation method( border and furrow ), (Morcos et al., 

1994 ). Irrigation management consists of determining when to irrigate, 

and how much water to apply at each irrigation during each growth stage 

of plant and operation of irrigation system(Sharma et al., 1995).  The 

irrigation application and distribution efficiencies were increased to 72.5 

and 92 % respectively by using gated pipes system through furrow 

irrigation,( Omara, 1997 ). The furrow stream size is usually between 

0.2 and 3.0 L/s and in more permeable soils, the maximum non-erosive 

flow should be used for wetting the end of the furrow as early as 

possible. The maximum slope is usually related to a non-erosive stream 

size. The land slope should generally be less than 3% (Depeweg, 1998). 

The relationships between yield and water consumption were established 

and the preferred irrigation programs to be used with surface irrigation 

were developed(Tekinel et al., 1999). Osman (2000) mentioned that 

using gated pipes saved irrigation water by about of 12 and 29.24% for 
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cotton and wheat, respectively. He also added that using gated pipes as 

an irrigation technique gave the highest yield of cotton and wheat 

comparing with traditional furrow irrigation system. Surface irrigation 

efficiency is maximum when systems are managed to minimize deep 

percolation and runoff while meeting irrigation requirements( Kanber et 

al., 2001). Mohammed (2002) found that the application efficiency of 

border irrigation increased as the outlet number of perforated pipe system 

increased. The obtained value ranged from 56.4 to 63.6%. El-

Shahawy(2004) concluded that the highest value of actual water 

consumptive use 2900 m3 fed.-1 was obtained from irrigation of all 

furrows under traditional land leveling in the first season. Meanwhile, the 

lowest value 2553.4 m3 fed.-1 was obtained from alternative furrow under 

precision land leveling in the second season. Traditional methods of land 

leveling are cumbersome, time consuming, and expensive, so more and 

more farmers are turning to modern methods to level the land. Laser 

leveling is a process of smoothing the land surface (+2cm) from its 

average elevation using laser-equipped drag buckets. This technique is 

well known for achieving higher levels of accuracy in land leveling and 

offers great potential for water savings and higher grain yields( Jat et al., 

2006). Effective land leveling increases yield, improves uniformity of 

crop maturity and reduces weeds and the amount of water needed for 

land preparation. Laser land leveling when applied under various crops 

has resulted in water savings up to 15-30% (Paca, 2009). The objective 

of the present study is to improve water management, irrigation 

efficiency and water use efficiency with gated pipe(GP) under salt 

affected soil conditions. Another objective of the present work is to study 

the effect of laser land leveling with different slopes and orifice flow 

rates of gated pipes irrigation system on cotton yield and some water 

relations  under salt affected soil conditions. 

MATERIALS AND METHODS 

The field experiments were carried out in two sites at the experimental 

farm of Sakha and Edko Agricultural Research Stations, Kafr El-Sheikh 

and Al-Behera Governorates (31° 05’ N latitude and 30° 56’ E 

longitude), Egypt during growing season of 2011 to study the effect of 

different land leveling methods and orifice flow rates on cotton yield for 



IRRIGATION AND DRAINAGE  

Misr J. Ag. Eng., October 2014 - 1485 - 

Giza 86 variety and water relations under surface irrigation system with 

gated pipes in the salts affected soil conditions.   

Soil samples were randomly collected before and two days after each 

irrigation from 4 layers (15cm each) from the experimental sites and 

prepared for analysis of both physical and chemical properties at Sakha 

and Edko Agricultural Research Stations and presented in Tables (1and 

2). 

       Table (1): Some physical and chemical properties of the Sakha 

experimental soil 

      

    Table (2): Some physical and chemical properties of the Edko 

experimental soil 

Field capacity, permanent wilting point and bulk density were measured 

according to the standard methods outlined by Black (1983), Klute 

(1986) and Westerman (1990). Available soil moisture was calculated 

Soil depth 

(cm) 

Sand 

% 

Silt 

% 

Clay 

% 

Texture EC dSm-1 

(Soil  paste 

extract) 

pH 1: 2.5 

Soil: Water 

suspension 

Available 

nutrients 

Mg kg-1 soil 

N P K 

0-15 

15-30 

30-45 

45-60 

33.0 

33.4 

33.2 

33.0 

28.6 

28.4 

28.5 

28.6 

38.4 

38.2 

38.3 

38.4 

Clay loam 

Clay loam 

Clay loam 

Clay loam  

3.32 

3.58 

3.45 

3.49 

7.80 

7.60 

7.70 

7.75 

 

22 

 

1.6 

 

18 

Soil depth 

(cm) 

Sand 

% 

Silt 

% 

Clay 

% 

Texture EC dSm-1 

(Soil  paste 

extract) 

pH 1: 2.5 

Soil: Water 

suspension 

Available 

nutrients 

Mg kg-1 soil 

N P K 

0-15 

15-30 

30-45 

45-60 

8.78 

9.33 

8.99 

8.75 

37.66 

37.43 

37.71 

37.65 

53.56 

53.24 

53.30 

53.60 

clay 

clay 

clay 

clay  

4.30 

4.50 

4.60 

4.90 

8.30 

8.20 

8.15 

8.10 

 

18 

 

1.2 

 

16 
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as the difference between the field capacity and permanent wilting point 

and presented in Tables (3 and 4). 

Table (3): Average values of field capacity and bulk density of the 

Sakha experimental soil 

Table (4): Average values of field capacity and bulk density of the 

Edko experimental soil 

Experimental layout: 

The experimental design was laid out in split plot design with four 

replicates. Furrow irrigation using gated pipes with three orifice 

discharge rates  i. e. 1.5, 2.0 and 2.5 l/s under average pressure heads 

ranging from 38 to 55 cm  were the main treatments. The sub treatments 

were land leveling as follows: 

a- Traditional land leveling a control treatment. 

 b- Laser land leveling with zero slope. 

 c- Laser land leveling with 0.05% slope. 

d- Laser land leveling with 0.1% slope. 

Agricultural tractor of 65 hp and Laser leveling unit of width 4 m were 

used for leveling the experiment land. A 152 mm diameter and 6 m 

length aluminum pipes with gates ,and orifice diameter 38 mm located at 

75 cm spacing, were used  to irrigate the grown plant through the furrow 

Soil depth 

cm 

Bulk density 

(kg m-3) 

Field 

capacity 

% 

Per-wilting 

point % 

Available 

water % 

EC of 

irrigation 

water 

Readily  available 

water % 

0-15 

15-30 

30-45 

45-60 

1120 

1260 

1340 

1380 

40.50 

38.02 

36.25 

35.75 

20.64 

19.04 

18.22 

17.91 

19.86 

18.98 

18.03 

17.84 

0.64 

dSm-1 

12.91 

12.34 

11.72 

11.60 

Soil depth 

cm 

Bulk density 

(kg m-3) 

Field 

capacity 

% 

Per-wilting point 

% 

Available 

water % 

EC of 

irrigation 

water 

Readily  

available water 

% 

0-15 

15-30 

30-45 

45-60 

1340 

1350 

1355 

1360 

41.90 

40.80 

39.50 

39.10 

21.63 

21.60 

21.17 

20.95 

20.27 

19.20 

18.33 

18.15 

0.61 

dSm-1 

13.18 

12.48 

11.91 

11.76 
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surface irrigation system. The system consisted of a diesel pump of flow 

rate 18 m3 h-1 which was operated by a diesel motor and connected by a 

venture meter, flow meter, discharge valve and gated pipes them having 

8 orifices at 75 cm spacing.  A pressure gage and pressure manometers 

were used to measure flow head from pumping unit and along the gated 

pipe. The pump draws water from canal into the gated pipes. The pipes 

were connected together using rubber ring jointing system. The last one 

of the gated pipes was equipped with gate cover at its end.         

The two experimental sites were ploughed three times by using chisel 

plough on 5, 7 and 9th  April, 2011 seasons. The land was leveled by 

using traditional and laser leveling equipment on 13th April.  Egyptian 

cotton seeds, variety Giza 86 long staple were sown by the planter on 28th  

April in hills spaced 25 cm apart. The land was ridged at 76 cm spacing 

and irrigated immediately after planting. A leaching irrigation was done 

on 9th May. The hills were thinned to the desired stand before the second 

irrigation on 28th May. The irrigation intervals were watering every 13th 

days. Fertilizers were added as recommended in cotton production that is 

involved as basic dose of 200 kg fed.-1 Calcium super phosphate ( 15.5 

%P2O5 ) at land preparation besides 50 kg fed.-1 potassium sulphate ( 48 

% k2O) before the fourth irrigation. Nitrogen fertilizer in the form of 

ammonium nitrate 33.5 %N (60 kg fed.-1 ) was added in bands and 

divided in two equal portions, the first one was applied after thinning just 

before the second irrigation and the second part before the third 

irrigation.  All other agricultural practices for cotton crop were done 

according to the common technical recommendations of Cotton Research 

Institute, except the factors under study. Cotton was sprayed with 50 g  

fed.-1  defoliant for dropping the cotton leaves on 2nd October and the 

picking date was on 20th October. 

1-Crop and Water parameters: 

a- Amount of water applied: 

According to Awady, (1979) the discharge was measured by direct 

method using volume and time. This is one of the simplest and most 

accurate methods, the equation is 

                                                      Q = v t -1  

Where:  
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  Q : discharge (.m3 h-1 ). 

  V : volume (m3 ). 

             H : time (h).  

b-Water Consumptive Use (CU): 

Soil moisture content was determined before and after each irrigation to 

calculate water consumptive use according to the following equation 

(Hansen et al., 1979). 

                                  SMD = Cu = 




41

1

12
b11

100

PWPW
 x D x D 

i
 

Where: 

           SMD   = Soil moisture depletion in the effective root zone, cm. 

           CU     = Water consumptive use, cm.  

           D1          = Soil layer depth, cm (root depth). 

           Db1      = Soil bulk density for this depth, g cm-3.   

           PW1      = Soil moisture percentage before irrigation (%, d.b.). 

           PW1    = Soil moisture percentage, 48 hours after irrigation ((%, 

d.b.). 

           I          = Number of soil layers each (15 cm) depth.  

c- Water application efficiency (Ea): 

Application efficacy is the ratio of the average depth of irrigation water 

infiltrated and stored in the root zone to the average depth of irrigation 

applied. It was calculated for the 60 cm sol depth according to Michael 

(1978) and James (1988) as follows :    

 

                    Ea =  
Wf

Ws
  X 100 

 Where: 

                    Ea = Water application efficiency, %. 

                   Ws = Amount of water stored in the root zone, m3. 

                   Wf = Amount of water added to each plot, m3. 

 

d-Water productivity (WP): 

Water productivity was calculated according to Ali et al. (2007) as 

follows: 
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                         WP= Gy ET -1 

Where: 

               Gy = Seed cotton yield, kg fed.-1. 

               ET = Total water consumptive use of the growing season, m3 

fed.-1 

 

e- Productivity of irrigation water (IWP):  

Productivity of irrigation water was calculated according to Ali et al. 

(2007) as follows: 

 

                      IWP= Gy IW -1 

Where:               

              Gy = Seed cotton yield, kg fed.-1. 

              IW = Irrigation water applied, m3 fed.-1 

. 

2- Cotton yield and its components: 

a –Plant height: 

Cotton plant height was measured at the end of growing season. Samples 

of ten plants were chosen randomly from each treatment and were 

measured by a tape from the cotyledonary nodes to the top of the plant. 

 

b-No. of open and unopen bolls and boll mass:  

Samples of cotton bolls were taken randomly from each treatment to 

determine number of open bolls per plant and number of unopen bolls 

per plant.  Boll mass was calculated as average value of ten bolls.  

c- Seed index: 

Seed index was calculated  as the mass of 100 seeds in g which were 

taken randomly from each treatment 

d- Seed cotton yield: 

Seed cotton yield was calculated from picking all plants of the four inner 

rows of each treatment and transformed to kg fed.-1, the two outer rows 

of each treatment were picked separately to avoid any border effect. 

e- Lint percentage: 

Lint percentage was estimated as the ratio percentage between mass of 

lint cotton and mass of seed cotton. 
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 f- Cotton fiber technological characters:  

Samples of lint were combined for the three replicates of each treatment 

and were sent to test fiber quality. The fiber length, strength and fineness 

were determined. 

 

3- Statistical analysis: 

The obtained data were statistically analyzed by analysis of variance.  

Combined analysis was done according to Gomez and Gomez (1984) 

.Means of the treatment were compared by the least significant difference 

(LSD) at 5% level of significance as developed by Waller and Duncan 

(1969).  

RESULTS AND DISCUSSION 

1- Seed cotton yield and its components : -  

Total seed cotton yield, number of opened and closed bolls per plant, boll 

weight, lint percentage, seed index, 2.5 span length, fiber strength and 

plant height under different methods of land leveling and different rates 

of orifice flow rate are presented in Tables 5 and 6. The laser leveling 

method resulted in higher seed cotton yield comparing with the 

traditional leveling method for all irrigation treatments. The obtained 

values of seed cotton yield were 1018, 1237, 1415 and 1468 kg fed.-1 

(6.48, 7.88, 9.01 and 9.35 kantar fed.-1( for conventional, laser at zero, 

0.05 and 0.1%  land leveling methods respectively, with clay soil. They 

were 1079, 1310, 1523 and 1558 kg fed.-1  ( 6.87, 8.34, 9.7 and 9.92 

kentar fed.-1  ) with the soil affected by salts.  It is clear that using the 

laser land leveling method at 0.1 % slope increased the cotton yield by 

about 44.2 and 18.9 % comparing with the traditional and laser at zero 

slope leveling methods, respectively. The seed cotton yield in the soil 

affected salts was more than that was obtained with the clay soil. These 

results may be due to increased  ratio of sodium and potassium cations.    

The presented data in Table 5 and 6 show also that the highest average 

values of seed  cotton yield,  number of opened and closed bolls per 

plant, boll weight, lint percentage, seed index, 2.5 span length, fiber 

strength and plant height were achieved with orifice flow rate of 2 l/s for 

all land leveling methods. The obtained average values of seed cotton 



IRRIGATION AND DRAINAGE  

Misr J. Ag. Eng., October 2014 - 1491 - 

yield were 1229, 1349 and 1276 kg fed.-1   ( 7.83, 8.59 and 8.13 kentar 

fed.-1),  achieved with orifice flow rates of 1.5, 2.0 and 2.5 l/s, 

respectively. Generally, it is clear that, the laser land leveling  method at 

0.1% slope in addition to the furrow irrigation using gated pipes at 2 l/s 

orifice flow rate accomplished the maximum average values of seed 

cotton yield, number of opened and closed bolls per plant, boll weight, 

lint percentage, seed index, 2.5 span length, fiber strength and plant 

height . 

 

2- Water relations:  

a- Irrigation water applied and water consumptive use : 

Amounts of irrigation water applied and water consumptive use (m3 fed-

1) as affected by method of land leveling and orifice flow rate of gated 

pipes regime are presented in Table 7. The average total amounts of 

irrigation water applied were 3729, 3099, 2678 and 2376 m3 fed.-1 with 

traditional, laser at zero, 0.05 and 0.1 % land leveling, respectively for 

the clay soil, whereas, they were 4112, 3365, 3024 and 2586 m3 fed.-1 for 

the salt affected soils. It can be concluded that the lowest values of 

irrigation water were applied with the laser land leveling at 0.1 % slope 

but, the highest average amounts of irrigation water were applied with 

the traditional land leveling for clay and salt affected soils. On the other 

hand, the average values of water consumptive use of cotton were 

significantly affected by land leveling method and orifice flow rate of 

furrow irrigation using gated pipes.  It is clear that the minimum average 

values of CU (2095 and 2240 m3 fed.-1)   were obtained with the laser 

land leveling at 0.1 % slope for clay and salt affected soils, respectively 

while, the maximum average values of CU (2535and 2676 m3 fed.-1) 

were recorded with the traditional land leveling in the clay and affected 

salted soils. These obtained results were in good agreement with those of 

El-Shahawy (2002) and  Jat et al., (2006).  

Data also indicated that the orifice flow rate of 2.5 l/s consumed the 

minimum amount of water applied (2866 m3 fed.-1) and water 

consumptive use (2228 m3 fed.-1) in the clay soil. Meanwhile, the 

maximum amount of water applied (3411 m3 fed.-1) and water 

consumptive use (2485 m3 fed.-1) were recorded with the orifice flow rate 



IRRIGATION AND DRAINAGE  

Misr J. Ag. Eng., October 2014 - 1492 - 

of 1.5 l/s in the soils affected salts. These results indicated that, the 

amount of water applied and water consumptive use were related with 

land leveling methods and orifice flow rate of furrow irrigation using 

gated pipes. Generally, the soil affected salts consumed more amounts of 

irrigation applied and water consumptive use because of leaching 

irrigation and short  irrigation intervals.  

   Table 5: Mean values of no. of open bolls/plant, no. of closed bolls/plant, boll 

weight, seed cotton yield and lint percentage as affected by land leveling 

techniques and orifice flow rate during 2011 growing season. 

Land leveling 

techniques 

Orifice 

flow rate, 

l/s. 

No. of open 

bolls/plant 

 

No. of 

closed 

bolls/plant 

 

Boll mass, g 

 

Seed cotton 

yield, kg 

fed.-1 

Lint 

percent.,% 

Saka Edco Saka Edco Saka Edco Saka Edco Saka Edco 

Conventional 

leveling 

1.5  12.4 14.0 5.8 5.2 2.83 2.65 950 1025 88.5 85.0 

2.0 14.1 15.8 5.3 4.4 3.42 2.85  1090 1138 94.0 92.8 

2.5 13.0 14.9 5.5 4.7 3.10 2.76 1015 1075 91.6 88.1 

Laser leveling 

 at zero slope 

1.5 13.2 15.1 5.6 4.8 3.31 2.81 1185 1235 92.4 87.2 

2.0 14.8 16.5 4.8 3.9 3.60 3.05 1296 1385 99.5 95.0 

2.5 13.9 15.7 5.1 4.2 3.20 2.86 1230 1312 95.0 90.7 

Laser leveling  

at 0.05% slope 

1.5 14.0 15.9 4.5 3.7 3.24 2.95 1350 1465 98.6 93.4 

2.0 15.9 17.3 3.9 2.9 3.71 3.35 1495 1596 105 100 

2.5 14.7 16.4 4.2 3.3 3.35 3.18 1400 1508 102 95.3 

Laser leveling 

At 0.1% slope 

1.5 14.8 16.8 4.1                                                                                                                                                                                                                                                                                                                                                                                                                               3.0 3.56 3.29 1430 1515 107 98.0 

2.0 16.9 18.6 3.3 2.2 3.95 3.62 1515 1609 115 105 

2.5 15.7 17.5 3.6 2.7 3.72 3.40 1460 1550 110 101 

L.S.D at 0.05 0.06 0.07 0.01 0.02 0.03 0.05 28.4 23.6 2.13 2.05 

Mean values  

of  

land leveling 

Con. Lev. 13.2 14.9 5.5  4.8 3.12 2.75 1018 1079 91.4 88.6 

L. at 0 

slope 

14.0 15.8 5.2 4.3 3.37 2.91 1237 1310 95.6 91.0 

L. at .05%  14.9 16.5 4.2 3.3 3.43 3.16 1415 1523 102 96.2 

L. at 0.1%  15.8 17.6 3.7 2.6 3.74 3.44 1468 1558 111 101 

L.S.D at 0.05 0.14 0.12. 0.04 0.03 0.06 0.05 23.4 21.1 3.25 2.47 

Mean values 

of orifice 

flow rate 

1.5 13.6 15.5 5.0 4.2 3.24 2.93 1229 1310 96.6 90.9 

2.0 15.4 17.1 4.3 3.4 3.67 3.22 1349 1432 103 98.2 

2.5 14.3 16.1 4.6 3.7 3.34 3.05 1276 1361 99.7 93.8 

L.S.D at 0.05 0.26 0.24 0.06 0.04 0.05 0.03 26.9 31.4 4.11 3.28 
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Table 6: Mean values of seed index, fiber strength 2.5 span strength, 

micronaire reeding and plant height as affected by land leveling techniques 

and orifice flow rate during 2011 growing season. 

Land leveling 

techniques 

Orifice flow 

rate, l/s. 

Seed 

index,g 

 

2.5 span 

length 

 

Fiber 

streng., 

g/tex 

 

Micronaire 

reeding. 

Plant 

height, cm 

Saka Edco Saka Edco Saka Edco Saka Edco Saka Edco 

Conventional 

leveling 

1.5 10.3 9.5 32.8 31.2 41.1 39.8 3.6 4.0 35.8 34.5 

2.0 11.2 10.2 33.4 31.7 41.8 40.5 4.2 4.5 37.3 36.1 

2.5 10.6 9.8 33.1 31.5 41.5 40.1 3.8 4.2 36.6 35.2 

Laser leveling 

 at zero slope 

1.5 10.9 10.2 33.1 31.4 41.3 40.3 3.9 4.6 37.5 36.4 

2.0 11.6 10.8 33.8 32.1 42.1 40.8 4.4 4.9 39.3 37.5 

2.5 11.3 10.4 33.5 31.6 41.7 40.5 4.1 4.6 38.7 37.1 

Laser leveling  

at 0.05% slope 

1.5 11.4 10.6 33.7 31.8 41.9 40.6 4.2 4.9 38.2 37.6 

2.0 12.1 11.3 34.2 32.3 42.4 41.1 4.6 5.3 39.4 38.3 

2.5 11.7 10.9 33.9 32.0 42.1 40.9 4.3 5.1 38.6 37.9 

Laser leveling 

At 0.1% slope 

1.5 11.9 11.1 34.1 32.2 42.5 41.0 4.5 5.2 39.5 38.5 

2.0 12.3 11.6 34.5 32.7 42.8 41.5 4.8 5.6 40.8 39.3 

2.5 12.1 11.3 34.3 32.4 42.6 41.2 4.6 5.4 40.2 38.8 

L.S.D at 0.05 0.13 0.11 0.09 0.07 0.06 0.05 0.03 0.04 0.22 0.31 

Mean values  

of  

land leveling 

Con. Lev. 10.7 9.8 33.1 31.5 41.5 40.1 3.9 4.2 36.6 35.3 

L. at 0 slope 11.3 10.5 33.5 31.7 41.7 40.5 4.1 4.7 38.5 37.0 

L. at 0.1%  12.1 11.3 34.3 32.4 42.6 41.2 4.6 5.4 40.2 38.9 

L.S.D at 0.05 0.16 0.21 0.32 0.26 0.19 0.12 0.09 0.11 0.14 0.24 

 L. at 0.1%  12.1 11.3 34.3 32.4 42.6 41.2 4.6 5.4 40.2 38.9 

Mean values 

of orifice 

flow rate 

1.5 11.1 10.4 33.4 31.7 41.7 40.4 4.1 4.7 37.8 36.8 

2.0 11.8 11.0 34.0 32.2 42.3 41.0 4.5 5.1 39.2 37.8 

2.5 11.4 10.6 33.7 31.9 42.0 40.7 4.2 4.8 38.5 37.3 

L.S.D at 0.05 0.09 0.14 0.12 0.13 0.21 0.17 0.12 0.09 0.31 0.26 

 

b- Water application efficiency: 

Using the gated pipes in irrigating cotton crop increased the water 

application efficiency compared with traditional furrow irrigation 

because of less irrigation water, decreased loss irrigation water in root 

zone and gave highest value of production. Values of water application 

efficiency were affected by land leveling method and orifice flow rate of 

gated pipes under furrow irrigation as presented in Table 8. The water 
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application efficiency increased by 27.4%as a result of using laser 

leveling instead of traditional leveling, but it increased by 16.1% by 

increasing the slope from zero to 0.1% during the laser land leveling. The 

average values of water application efficiency were 74.3, 75.9 and 78.8% 

with orifice flow rates of 1.5, 2.0 and 2.5 l/s, respectively for the soil 

affected by salts. The highest values of water application efficiency were 

recorded with the orifice flow rate of 2.5 l/s for all land leveling methods. 

The water application efficiency of the clay soil was more than obtained 

with the soil affected by salts. 

c- Water productivity (WP): 

Water productivity (WP) expressed in kg of seed cotton yield m-3 of 

water consumed and productivity of irrigation water (IWP) in kg of seed 

cotton yield m-3 of irrigation water applied as affected by land leveling 

method and orifice flow rate are presented in Table 8. Water productivity 

determines the capacity of the plants to convert the consumed water to 

yield. The obtained results show that the laser leveling method at 0.1% 

slope gave the highest average values of WP (70.1 and 69.7 kg  m-3 water 

consumed), while the lowest average of WP (40.2 and 40.4 kg m-3 water 

consumed) were recorded with the traditional leveling method for the 

clay and salt affected soils,  respectively. The WP values increased by 31 

% when the slope of laser land leveling was increased from zero to 0.1%, 

while it increased by 56.7% when the laser leveling was used instead of 

traditional leveling. 

                 

The results also indicated that  the obtained average values of WP were 

53.8, 60.0 and 58.2 kg  m-3 water consumed with orifice flow rate of 1.0, 

2.0 and 2.5 l/s, respectively. The orifice flow rate of 2.0 l/s gave the 

maximum average values of water productivity compared with the other 

flow rates 1.5 and 2.5 l/s. 
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Table 7: Mean values of water applied, water consumption use and 

stored water as affected by land leveling techniques and orifice flow rate 

during 2011 growing season. 

 

Land leveling 

techniques 

Orifice 

flow rate, 

l/s. 

Water 

applied,  

m3 fed-1 

Water 

consumptive use, 

m3 fed-1w 

Stored water, 

m3 fed-1 

Sakha Edco Sakha Edco Sakha Edco 

Conventional 

leveling 

1.5 3860 4250 2582 2710 2655 2622 

2.0 3722 4105 2530 2668 2610 2580 

2.5 3605 3980 2493 2650 2582 2554 

Laser leveling 

 at zero slope 

1.5 3213 3524 2350 2535 2583 2510 

2.0 3105 3360 2300 2490 2550 2485 

2.5 2980 3210 2280 2484 2486 2435 

Laser leveling  

at 0.05% slope 

1.5 2791 3150 2225 2420 2500 2470 

2.0 2660 3025 2190 2343 2461 2425 

2.5 2584 2896 2085 2299 2410 2365 

Laser leveling 

at 0.1% slope 

1.5 2466 2720 2131 2275 2355 2326 

2.0 2366 2555 2100 2260 2267 2220 

2.5 2295 2490 2054 2185 2180 2193 

L.S.D at 0.05 56.12 63.0

5 

13.25 1134 21.32 19.85 

 

Con. Lev. 3729 4112 2535 2676 2616 2585 

L. at 0 

slope 

3099 3365 2310 2503 2540 2477 

L. at .05%  2678 3024 2167 2354 2457 2420 

L. at 0.1%  2376 2588 2095 2240 2267 2246 

L.S.D at 0.05 225.6 263.

7 

75.41 116.4 63.50 51.32 

Mean values 

of orifice 

flow rate 

1.5 3083 3411 2322 2485 2523 2482 

2.0 2963 3261 2280 2440 2472 2428 

2.5 2866 3144 2228 2404 2415 2387 

L.S.D at 0.05 81.23 112.

4 

45.16 33.71 32.24 29.85 

 

d- Productivity of irrigation water (IWP): 

Results presented in Table 8 indicate  that  the highest average values of 

IWP (62.2 and 60.  kg seed cotton m-3 of irrigation water applied) were 

obtained with using the laser land leveling method at 0.1% slope while, 

the lowest ones ( 27.4 and 26.3 kg  m-3 of irrigation water applied ) were 
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obtained from the soil which was leveled by using the traditional leveling 

method for the clay and affected salts soils, respectively. These results 

could be attributed to the significant differences among seed cotton yield, 

evapotranspiration and water applied values. 

Concerning the effect of orifice flow rate  on the PIW, as shown in Table 

8 results reveal that irrigating cotton crop using furrow irrigation by 

gated pipes at 2.0 l/s orifice flow rate accomplished the maximum 

average values of  PIW (48 and 46.3 kg m-3 of irrigation water applied), 

whereas the minimum average values of PIW (42 and 40.4 kg m-3 of 

irrigation water applied) were obtained with irrigation 1.5 l/s orifice flow 

rate in the clay and affected salts soils, respectively. 

Table 8: Mean values of water applied efficiency, water productivity (WP) 

and irrigation of water productivity (IPW) as affected by land leveling 

techniques and orifice flow rate during 2011 growing season. 

Land leveling 

techniques 

Orifice flow 

rate, l/s. 

Water application 

efficiency, % 

 

WP, kg m-3 

 

IWP, kg m-3 

Sakha Edco Sakha Edco Sakha Edco 

Conventional 

leveling 

1.5 68.8 61.7 36.8 37.8 24.6 24.1 

2.0 70.1 62.9 43.1 42.7 29.3 27.7 

2.5 71.6 64.2 40.7 40.6 28.2 27.0 

Laser leveling 

 at zero slope 

1.5 80.4 71.2 50.4 48.7 36.9 35.1 

2.0 82.1 74.2 56.3 55.6 41.7 41.2 

2.5 83.4 76.5 53.9 52.8 41.3 40.9 

Laser leveling  

at 0.05% slope 

1.5 89.6 78.4 60.7 60.5 48.4 46.5 

2.0 92.5 80.2 68.3 68.1  56.2 52.8 

2.5 93.3 85.1 67.1 65.6 54.2 52.4 

Laser leveling 

At 0.1% slope 

1.5 94.7 85.8 67.1 66.6 58.0 55.7 

2.0 95.8 86.2 72.1 71.6 64.9 63.4 

2.5 95.0 89.5 71.1 70.9 63.6 62.2 

L.S.D at 0.05 0.062 0.125 0.043 0.234 0.118 0.109 

Mean values  

of  

land leveling 

Con. Lev. 70.2 62.9 40.2 40.4 27.4 26.3 

L. at 0 slope 82.0 74.0 53.5 52.4 40.0 39.1 

L. at .05%  91.2 81.2 65.4 64.7 52.9 50.6 

L. at 0.1%  95.2 87.2 70.1 69.7 62.2 60.4 

L.S.D at 0.05 3.15 4.63 4.68 3.91 8.36 7.82 

Mean values 

of orifice 

flow rate 

1.5 83.4 74.3 53.8 53.4 42.0 40.4 

2.0 85.1 75.9 60.0 59.5 48.0 46.3 

2.5 85.8 78.8 58.2 57.5 46.8 45.6 

L.S.D at 0.05 0.57 0.89 1.34 1.82 0.95 0.79 
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CONCLUSION 

It is recommended to level the soil using the laser land leveling at 0.1 % 

slope and f irrigate cotton crop using the furrow irrigation by gated pipes 

at 2.0 l/s orifice flow rate because it is very suitable in case of the clay 

and salt affected soils. to obtain the highest values of seed cotton yield, 

water productivity (WP), irrigation of water productivity (IWP), water 

application efficiency(Ea), number of opened bolls per plant,  boll mass, 

lint percentage,  seed index,  2.5 span length, fiber strength and  plant 

height. 
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  الملخص العربي

 وكفاءات الري  محصول القطن إنتاجيةعلي بالأنابيب المبوبة   الري تأثير إدارة

 2شاكرمحمد  شاكرو 2 الدسوقي الدسوقي دشيش، 1 محمد علي متولي

كفر  تيمحافظب – الزراعية بسخا وإدكوبحوث ال تيأجري هذا البحث بالمزرعة البحثية بمحط

نظم تسوية التربة المختلفة م لدراسة تأثير  0211 يلزراعخلال الموسم ا والبحيرة الشيخ

محصول القطن انتاجية   على وتصرفات الري تحت نظام الري السطحي بالأنابيب المبوبة

بنظام القطع المنشقة قد صممت التجربة كفاءات الري في الأراضي الطينية المتأثرة بالأملاح وو

وهي  للتسوية أربعة طرق مختلفةالرئيسية  مرة واحدة في أربع مكررات حيث مثلت القطع

التسوية .% ، 2.20التسوية بالليزر بميل التسوية بالليزر بدون ميول , ،التسوية التقليدية )

تصرفات مختلفة للري السطحي بالخطوط بينما شغلت القطع المنشقة  ( .%2.1بالليزر بميل

 – لتر/ ث0.2بتصرف الري  - ث لتر/1.0بتصرف ممثلة في )الري  بواسطة الأنابيب المبوبة

  -( ، وكانت أهم نتائج الدراسة كما يلي:لتر/ ث0.0بتصرف والري 

 

لكييف متيير   قطييا شييعر كييج  07,1قيميية متوسييطة لكييف مييا كفييا ة ااسييت    المييائي ) أقصييي -1

كج لكف متر مكعيب ميا    26,6الكفا ة الإنتاجية لمياه الري المضافة ) ، مكعب ما  مست لك(

لمحصيييول القطيييا قيييد تيييم الحصيييول  لي يييا (  %2.56الميييياه ) إضيييافةكفيييا ة  و ،  مضيييا (

 بالمقارنة بطريقة التسوية التقليدية التيي سيتلت %751 فبالليزر بميباستخدام طريقة التسوية 

كيج قطيا شيعر  لكيف متير مكعيب   27,6أقف قيمة متوسطة لكف ما كفا ة ااست    المائي )

كييج لكييف متيير مكعييب مييا    60,2لمييياه الييري المضييافة ) مييا  مسييت لك( ، الكفييا ة الإنتاجييية

توزيع  تحسيا إلييرجع  وهذا( لمحصول القطا  %0756مضا (  ، و كفا ة إضافة المياه )

 . مع التسوية بالليزر رطوبة التربة في منطقة انتشار التذور

مترمكعيب  فيدا ( سيتلت ميع معاملية 2116مضافة لري محصيول القطيا ) أقصي كمية مياه -6

مترمكعب  فدا ( ، بينما أقيف .662تسوية التقليدية تلي ا معاملة التسوية بالليزر بدو  ميول)ال

مترمكعييب  فييدا ( تييم الحصييول  لي ييا باسييتخدام طريقيية التسييوية 6602)كمييية مييياه مضييافة

اسيتخدام الأنابيييب المبوبية كوسيييلة لتطيوير الييري السييطحي  ، كميا حقيي  %751 فبيالليزر بمييي

، 27كفييا ة المييا  المسييت لك )أ لييي القيييم المتوسييطة ل لتررر/ ث0.2بمعييدل تصيير   بييالخطوط

( والكفيا ة الإنتاجيية لميياه اليري المضيافة كج قطا شعر  لكف متر مكعب ميا  مسيت لك .25.

 ( %0.52،  4.51كفا ة اضافة المياه ) ( وكج لكف متر مكعب ما  مضا  2256،  24)

 مصر –الجيزة  –ز البحوث الزراعية مرك -معهد بحوث الهندسة الزراعية  1

 ـ مركز البحوث الزراعية ـ الجيزة ـ مصر القطنمعهد بحوث  2
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كيج  فيدا ( لكيف ميا الأراضيي الطينيية والمتي  رة  1266،  1622)محصول القطيا وإنتاجية -6

وهييذا يرجييع إلييي زييياوة المحتييوي  لتيير  ( .65، .15)مقارنيية بالتصييرفات الأ يير  بيالأم  

 .قة التذور وكذلك زياوة  ملية غسيف وإزالة الأم  الرطوبي في منط

 دو اللوز المتفيت  )   فدا  ( ،  قطا شعر كج 1272، .1.1) لمحصول القطا القيم  أقصي -2

،  2754ج ( ، معيدل الحلييج )  6526،  .652لوزة   نبات ( ، كتلية الليوزة ) 1452،  1252

( ، المتانة )  6650،  .625التيلة )ج ( ، طول  1152،  1656( ، معامف البذرة )  % 6256

سيم ( قيد أمكيا الحصيول  لي يا  .17،  .11النبيات )  ج   تكس ( ، وارتفاع .215،  2654

لنظام اليري السيطحي  لتر/ ث 0.2وبتصر   % 751باستخدام طريقة التسوية بالليزر بميف 

 بالخطوط باستخدام الأنابيب المبوبة. 

ات فتحات الأنابيب المبوبة المستخدمة لتطوير نظام و تصرف طرق التسوية التفا ف بيا  -0

 كفا ات الري المختلفة وإنتاجية محصول القطاأ طي أ لى القيم ل الري السطحي بالخطوط

باستخدام طريقة التسوية  ومكوناته وتم الحصول  لي أ لي القيم للصفات تحت الدراسة

حي بالخطوط باستخدام لنظام الري السط لتر/ ث 0.2وبتصر   % 751بالليزر بميف 

 الأنابيب المبوبة.

لتر/ ث  0.2وتصرف % 751التسوية بالليزر بميف وصي الدراسة باستخدام طريقة ت -6

الأنابيب المبوبة المستخدمة لتطوير نظام الري السطحي بالخطوط للحصول  لي لفتحات 

 أ لي إنتاجية لمحصول القطا وأقصي كفا ة للري. 

 


