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ABSTRACT 

 
Sugarbeet is an important crop in Egypt where overuse of water and agro 

chemicals is a concern in furrow-irrigated areas. Drip irrigation technology, is not well 
developed for row crops within the old land. Field experiment was carried out in the 
Experimental farm, Faculty of Agriculture Kaferelsheik University. Egypt, during the 
successive season 2005/2006.Therefore, the objective of the present work was 
evaluation of  drip irrigation practice for sugar beet production in Delta region and its 
effect on soil salinity. 
The present research includes the following factors:- 

-Irrigation method : drip and furrow irrigation (main treatments); 
- Irrigation intervals :Three irrigation intervals for drip, once,  twice and triple per week, 

while  the intervals for furrow irrigation was 18 days. (sub treatments), and 
- Length of furrow and drip lines: Three different of furrow and drip lines were used in 

the present study ( 20; 30 and 40 m). (sub-sub treatments). 
The experimental design was split-split plot with four replicates. 
The important results that obtained from the present work were as follows:- 
- The average value of  total water applied was decreased by about of 1.01 and 0.47 

% by using 20 and 30 m  as a drip line length comparing with 40 m drip line length. 
- There was no significant difference among the irrigation treatments on average 

values of root and sugar yield, Where there are no significant differences in the 
amount of water added to the unit area during the season. 

- The highest value of water application efficiency was 91.63 % with drip irrigation, 20 
m lateral length and once irrigation per week, while the lowest value was 69.10 % 
with furrow irrigation. 

- Increasing number of irrigation per week tended to increase field water use 
efficiency which the values of field water efficiency were 10.83, 9.73 and 9.12 Kg/m3 
by using drip irrigation triple, twice and once per week, respectively.  

- The increasing values of soil salinity were 0.11, 0.20 and 0.26 dsm-1 for irrigation 
intervals: triple, twice and once per week, respectively. it could be concluded that 
the salt accumulation in the root zone can be easily leached by increasing more 
amounts of irrigation water before the start of the next season.    

 

INTRODUCTION 
 

Drip irrigation is the frequent application of water either directly into the 
soil surface or into the root zone of the crop to maintain the soil water content 
near  the plant roots at  optimum level. Irrigating only apportion of soil 
surface, limits evaporation, reduce weed growth and minimizes the 
underground water level which causes many problems. Using drip irrigation 
system on a large scale will help in saving huge amount of irrigation water 
which in turn can be used to cultivate more land.  Sugar beets are most 
commonly irrigated by the furrow irrigation method, specially in the north of  
Delta Egypt. But drip irrigation  is used where topography, high water table, or 
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other special conditions make the furrow system difficult to use. Drip 
irrigation, though more costly, has advantages in improving seedling 
emergence and in using less water in the early stages of plant growth. 

Doorenbos and Kassam (1986) indicated that the water requirements 
of sugar beet ranged from 550 to 770 mm/season. Moreover, they added that 
irrigation increased yield but decreased sugar content. Bader (1987) found 
that the total water applied for sugar beet in Nubaria sandy soil was 5271 
m3/fed under furrow irrigation and 3364 m3/fed with sprinkler irrigation. He 
also, found that water application efficiency (WAE) values in sandy soil were 
49.8% with furrow irrigation and 81.2% with sprinkler irrigation. El-Gindy 
(1988) showed that drip irrigation led to save 50 % of irrigation water and the 
total yield increased by about of 32 and 52.6 % for cucumber  compared with 
furrow and sprinkler irrigation, respectively in silt loam soil.  Amaducci et al. 
(1989) studied the sugar beet yield response to irrigation in Southern and 
Northern Italy. According to their study, irrigation decreased the sugar content 
and increased the root mass resulting to the increase of the total sugar yield. 
Ayars et al., 1990 mentioned that wheat, barley and sugar beet are produced 
during the winter when evaporative demand is low.  Salts in soils and water 
acts as a water stress factor by reducing the amount of available water in the 
profile.  The adverse effects of salt on crops growing during the winter period 
is less, because crop water requirements are much less.  Roth et al., (1995) 
reported that, improved agronomic use efficiencies and yields and lower 
contamination with drip irrigation for production of vegetables, fruits, cotton 
(Gossypium hirsutum L.), and sugar beet. Abou-Sheishaa (2001) mentioned 
that, sugar beet is characterized by short growing season, consumes less 
water than cane (about two-thirds) and it may also grows under a wide 
varieties of soil and climatic conditions. Cassel sharmasarkar et al., (2001) 
showed that the use of drip irrigation, in lieu of furrow practices, was effective 
for reducing water and fertilizer use while sustaining sugar beet productivity. 
However, drip irrigation technology has not been well established in the 
Rocky Mountain area, particularly for row crops such as sugar beet. 
Furthermore, there is a paucity of data on the economic feasibility of drip-
irrigated sugar beet production in this region. K.ksal et al.( 2001) mentioned 
that common irrigation methods practiced for sugar beet production are wild 
flooding, furrow and basin. In general, farmers over irrigate, resulting in high 
losses of water and low irrigation efficiencies, and thus creating drainage and 
salinity problems. The highest benefit per unit of applied water depends upon 
the effective use of water by preventing water losses. These can partly be 
prevented by using new irrigation techniques and by reduction of 
evapotranspiration. New irrigation techniques are the cutback furrow, surge 
furrow, and alternate furrow in surface irrigation, and the use of very precise 
techniques in pressured irrigation. Evapotranspiration can be reduced either 
by agricultural practices such as tillage and mulching or by changing irrigation 
programs. The reduction of evapotranspiration by changing irrigation 
programs can be managed by the application of deficit irrigation. Ertek et al., 
(2002) mentioned that, it is necessary to get maximum yield in agriculture by 
using available water in order to get maximum profit from unit area because 
existing agricultural land and irrigation water are rapidly diminishing due to 
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the rapid industrialization and urban development. Therefore, it is necessary  
to know and supply the right amount of water needed for the plants, that is, 
plant water consumption. Makrantonaki et al., (2002) evaluated the surface 
and subsurface drip irrigation (SDI) application effects on sugar beet crop 
performance, under two levels (100% and 80%) of water application depth. 
They found that, irrigation method showed to affect crop performance 
significantly while water application level was less critical. The experimental 
results indicated that the subsurface drip irrigation leaded to a greater yield 
and higher sugar content making significant water saving compared to 
surface drip irrigation. Awad et al (2003) mentioned that the average water 
consumptive use during two successive growing seasons (1993 to 1995) for 
sugar beet yield at Elbostan (Nubaria Sector) was 2982 m3/fed. and 3958 
m3/fed. for sprinkler and furrow irrigation, respectively. They added that 
sprinkler irrigation system resulted in higher root yield of 25.81 Mg/fed. 
compared to 20.94 Mg/fed. with furrow irrigation. Metwally et al (2003) 
studied the impact of farm irrigation management on the yield and water 
consumption of sugar beet. They found that the field water use efficiency was 
0.012, 0.015 and 0.021 Mg/m3 with strip, single and double furrows of 
irrigation methods, respectively under the LASER land leveling of 1.06 % 
slope. Fabeiro et al  (2003) studied controlled deficit irrigation (CDI) in a 
sugar beet crop cultivated in a semi-arid zone. Eight drip irrigation treatments 
were differentiated by the level of fulfillment of the water requirements. The 
effect of deficit irrigation at three crop stages (vegetative development, root 
swelling and ripening) has been studied. Total productions and their industrial 
quality index (IQI) have proved to be not influenced by the total volume of 
irrigation water. On the other hand, as expected, highly significant differences 
do appear in connection with the water use efficiency (WUE) of the total 
volume received which has ranged from just over 130–170 kg ha−1 mm−1. 
Tawfik et al (2005) studied the response of sugar beet crop (yield and quality) 
and attributed parameters to nitrogen fertilizer scheduling under different 
irrigation systems. Their results indicated that sprinkler irrigation system has 
maximum sugar beet crop yield and quality, as well as inhabited attributed 
growth parameters and rationalized water application. However, with respect 
to growth parameters, sprinkler irrigation system has improved both root 
diameter/length ratio; root weight per plant and root yield by about 11.91, 
21.16 and 15.18 % comparing with modified furrow irrigation system, 
respectively. 
The objective of the present study was evaluated of drip irrigation system for 
sugar beet production in clayey soil comparing with traditional irrigation 
method (furrow irrigation). 
 

  ِ  ِ  ِ  ِ MATERIALS AND METHODS 
 

Field experiment was conducted in the Experimental farm of Faculty 
of Agriculture, Kafr El-Sheikh. Tanta University. Egypt, during the successive 
season 2005/2006. Table (1) summarized some physical properties of the 
soil. Sugar beet cultivar maribo marina poli was used in the treatments. 
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Table (1): Some physical properties of the experiment soil. 

Soil depth, cm 
Particle size distribution, % Bulk density, 

g/cm3 
F.C, 
% 

W.P, 
% Clay Silt Sand Soil texture 

0-15 53.80 22.30 23.90 Clayey 1.05 44.20 19.35 

15-30 54.80 23.60 21.60 Clayey 1.20 43.23 18.79 

30-45 52.10 27.70 20.20 Clayey 1.35 42.56 18.26 

45-60 51.80 26.80 21.40 Clayey 1.33 40.73 17.68 

60-75 52.70 24.60 22.70 Clayey 1.41 38.84 17.07 

 
Irrigation requirements 
 Climatic data for the experimental site were collected from Sakha 
weather station. Evapotranspiration for sugar beet crop was calculated using 
CROPWATT computer program using climatic data. The input and output 
results were summarized in Table 2 
 
Table 2: Climatic data and evapotranspiration for sugar beet crop 

during growing season. 
Reference Evapotranspiration according to Penman-Monteith 

Country : Egypt                          Meteo Station : Sakha – Kafrelsheikh 
Altitude : 6 m                             Coordinates  :  31.10 N.L.          30.90 E.L. 

Month Max. 
Temp. 

ºC 

Min. 
Temp. 

ºC 

Humid. 
% 

Wind 
speed, 
km/day 

Sunshine, 
hours 

Solar 
radiation, 
MJ/m2/d 

Rain 
mm/d 

ETo, 
mm/d 

September 33.2 18.3 72.3 80.80 10.4 22.4 0.00 4.5 

October 28.1 13.8 66.3 96.80 8.9 17.4 0.10 3.3 

November 24.2 9.4 61.7 73.70 6.8 12.4 0.27 2.0 

December 21.2 7.4 68.6 60.30 6.4 10.9 0.35 1.5 

January 19.4 5.3 76.0 48.40 6.4 11.6 0.26 1.4 

February 20.3 7.3 74.7 69.70 7.4 14.8 0.66 2.1 

March 23.9 9.2 75.8 103.40 8.6 19.1 0.07 3.2 

April 20.1 9.3 61.8 91.00 9.1 22.2 0.91 3.6 

Average 23.8 10.0 69.6 78.00 8.0 16.3 0.33 2.7 

 
Net irrigation Requirements (In): 
 Net irrigation requirements were calculated by using the following 
equation (Ismail, 2002). 
In = ETc – (Pe + Ge + Wb ) 
In = net irrigation requirements, mm/day. 
Pe = effective rain ( 70 % from total precipitation ), mm/day. 
Ge = the contribution of ground water in water consumption  (equal zero in the 

present study), mm/day. 
Wb = the contribution of soil moisture stored in water consumption (equal zero 

in the present study),, mm/day. 
ETc = crop water requirements, mm/day. It was calculated  from the following 

equation (Ismail, 2002) :- 
ETc = KcxKrxETo 
Kc = crop factor ( 0.35, 1.20 and 0.70 for the initial stage; mid-season stage 

and late stage, respectively. 
Kr = reduction factor ( it is depending on distance between laterals, emitter 

discharge and soil texture (Sakla, 1991). Its value equal one in the 
present study). 
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ETo = reference evapotranspiration, mm/day, which was calculated 
depending on climatic data. 
 
Irrigation supply requirements (Iv): 
It calculated from the following equation (Ismail, 2002). 

 LRi

n
v

E

I
I




1
 

Where :- 
Iv = irrigation supply requirements, mm/day. 
Ei = irrigation efficiency (assumed 0.85 and 0.60 for drip irrigation and furrow 
irrigation, respectively). 
LR = leaching requirements (assumed 0.10 from net irrigation requirements). 
 
The present research includes the following Factors:- 
1- Irrigation method  

Two types of irrigation method was used (drip and furrow irrigation). 
The drip irrigation system consisted of main line from PVC 50 mm diameter; 
sub main line 25 mm diameter and lateral line made from PE 16 mm 
diameter. Built-in emitters (GR) were used with outlets spacing of 30 cm and 
2 l h-1 flow rate. 
2- Irrigation Scheduling:- 

Irrigation scheduling is the decision of when and how much water to 
apply to a field. Its purpose is to maximize irrigation efficiencies by applying 
the exact amount of water needed to replenish the soil moisture to the 
desired level. Irrigation scheduling saves water and energy.  

Three watering regimes were obtained by irrigating once, twice or 
triple weekly for drip irrigation. The operating time for drip irrigation system 
was calculated using the following equation;- 
 

q

nWlI v
T

***
  

Where:- 
T = operating time for drip irrigation, min./day 
l = distance between emitter, m (0.30 m in the present study) 
W = distance between rows, m (0.60 m in the present study). 
n = number of emitter per plant ( one in the present study). 
q = emitter discharge, l/min. 
 In case of furrow irrigation, the irrigation intervals was calculated as follows 
(Ismail, 2002).:- 

I

d

n

nF   

 



Khalifa, E. M.  and M. E. Meleha 

 

 7472 

 
Pd wdn

depd
PWPFC

**1000***
100




  

 
Where :- 
F = irrigation frequency (intervals), day 
dn = net application depth per irrigation, mm 
FC = soil moisture content at field capacity, % (by weight) 
PWP = soil moisture content at permanent wilting point, % (by weight) 
ρd = soil bulk density. 
d = soil root zone depth, m. 
dep = allowable depletion (assumed 0.70 in the present work). 
 Pw = percentage wetted area (assumed 0.80 in case of furrow irrigation). 
3- Length of furrow and drip lines: 
Three different lengths of furrow and drip lines were used in the present study 
( 20; 30 and 40 m). 
 
The previous factors were affected on the following:- 
1- Total applied water and water consumptive use. 

Consumptive use of water by plants is defined as the unit amount of 
water used on a given area in transpiration, building of plant tissues, and 
evaporation from adjacent soil. Knowledge of consumptive use is necessary 
in planning farm irrigation and drainage systems, for improving irrigation 
practices, conserving energy, and assisting in irrigation scheduling. The soil 
moisture contents were determined gravimetrically at different soil layers. The 
depth of applied irrigation water for sugar beet under two irrigation systems 
was measured according to water consumed during irrigation intervals as the 
difference between soil moisture content at field capacity and the moisture 
content before next irrigation plus 10% as a leaching requirement. The depth 
of water to be applied and water consumptive use was calculated according 
to the equation given by Israelson and Hansen (1962) as follows:- 
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Where: 
Daw     = depth of irrigation water to be applied, cm 
WCU  = water consumptive use, cm 
      i    = number of soil layers 
Fc       = soil moisture content at field capacity, % (by weight) 
θ1       = soil moisture content before next irrigation, % (by weight) 
θ 2      = soil moisture content after irrigation, % (by weight) 
ρb      = soil bulk density 
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  d      = soil root zone depth, cm 
2- Root and sugar yield. 
3- Water application and distribution efficiency. 
 Proper timing of irrigation and application of the appropriate amount 
of water can maximize crop yield while minimizing water use. Excess crop 
water stress, resulting from inadequate irrigation, can reduce crop yield. 
Over-irrigation can also reduce crop yield and create more favorable 
conditions for disease development. The water application efficiency is the 
ratio of the average depth of irrigation water infiltrated and stored in the root 
zone to the average depth of irrigation applied water. It calculated by using 
the following equation (Michael, 1978)    
 

010*
W
W

E
f

s

a
  

Where 
 Ea = Water application efficiency, %,  
 Ws= Water stored in plant root zone, cm, and  
 W f= Water delivered to each treatment, cm. 

The irrigation water that stored in the root zone was measured after 
48 hours form irrigation. Many soil samples were take at different soil layers 
for many location among furrow length using auger and calculate the soil 
moisture content using gravimetric method. 
  Water distribution efficiency indicates the extent to which water is uniformly 
distributed along the field or the furrow. It was determined by using the 
following equation (Michael, 1978). 
 

 
010*

d

y-1
DE




  

Where:- 
 DE = Water distribution efficiency, %, 
 d′ = Average depth of water stored along the furrow, cm, and 
 y′ = Average numerical deviation from d′, cm 
 
4 – Field water use efficiency. 

It is the weight of marketable crop produced per the volume unit of 
applied irrigation was expressed as cubic meters of water. It was calculated 
by the following equation (Michael, 1978). 
 

fed.)/( appliedWater 

(kg/fed.) Yield
FWUE

m
3

  

 
5- Soil salinity . 

Five replicates of soil samples were taken before planting and after 
harvesting to determine soil salinity by using the electrical conductivity meter 
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1:5 soil-water extract. In case of drip irrigation, four different locations from 
emitter of 0, 5, 10, and 15 cm at four different soil depths of 0, 15, 30, 45 cm. 
In case of furrow irrigation, the soil samples were taken at four different soil 
depths of 0, 15, 30, 45 cm.  

 
RESULTS AND DISCUSSION 

 
1- Total applied water  and water consumptive use: 

The average value of  total water applied was decreased by about of 
1.01 and 0.47 % by using 20 and 30 m  as a drip line length comparing with 
40 m drip line length whereas the average value of total applied water was 
2511.22 m3/fed./season with 40 m drip line length. The average values of 
total water applied were 2525.58, 2494.85 and 2476.04 m3/fed./season for 
triple, twice and once irrigation per week, respectively.  

It is clear that the values of total water consumptive use were 
affected by irrigation method, length of furrow, lines and irrigation intervals as 
the same manner of total applied water as shown in Table 3. 
 
Table (3): Effect of irrigation method and irrigation intervals on total 

applied water and water consumptive use (m3/fed.)  
Irrigation 
method 

Irrigation intervals per 
week 

Furrow and drip line length, m 

20 30 40 

Drip 

Triple 
2501.76 

(2090.80)* 
2524.10 

(2109.41) 
2550.88 

(1845.80) 

Twice 
2486.64 

(2077.60) 
2496.15 

(2073.15) 
2501.75 

(1800.97) 

Once 
2468.99 

(2043.11) 
2478.10 

(2013.07) 
2481.04 

(1777.57) 

Surface irrigation (Furrow) 
3225.6 

 (2123.95) 
3312.52 
(2166.37 

3432.27 
(2234.28) 

* values between practices indicates the total water consumptive use (m3/fed). 

 
2- Root and sugar yield. 

Crop production data are summarized in Figs. 1 and 2. There was no 
significant difference among the irrigation treatments on average value of root 
and sugar yield. The results indicated that the values of root and sugar yield 
that obtained with furrow irrigation method were 29.65 and 5.51 Mg/fed, 
respectively. Concerning the drip irrigation method, the values of root and 
sugar yield that obtained were 30.87 and 5.40 Mg/fed. using single lateral per 
plant row and once irrigation per week. Irrigation three time per week 
(irrigation interval) gave soil moist continuously, so the root took its need from 
the soil that reverberate on the productivity. The average values of root and 
sugar yield increased by about of 16.57 and 18.77 % in case of furrow 
irrigation compared with drip irrigation.  
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Fig. 1: Effect of furrow and drip line length and irrigation intervals on 

sugar yield. 
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Fig. 2: Effect of furrow and drip line length and irrigation intervals on 

root yield. 
 
3-  Water application and distribution efficiencies. 

Values of water application efficiency as affected by irrigation 
method, irrigation intervals and length of furrow and drip lines as shown in 
Fig. 3. The highest value of water application efficiency was 91.63 % with drip 
irrigation, 20 m lateral length and once irrigation per week, while the lowest 
value was 69.10 % with furrow irrigation. Concerning the length of lateral 
lines, the data revealed 40 m lateral length gave the best values of 
application efficiency comparing with the other treatments as shown in     Fig.  
3. Water distribution efficiency decreased by increasing length of furrow and 
drip lines as shown in Fig. 4. Drip irrigation method gave best values of water 
distribution comparing with furrow irrigation 
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Fig. 3: Effect of irrigation method, irrigation intervals and length of 

furrow and drip lines on water application efficiency. 
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Fig. 4: Effect of irrigation method and length of furrow and drip lines on 

water distribution efficiency. 
 
4 – Field water use efficiency.   
 Figure 5 shows the effect of different treatments on field water use 
efficiency. Results indicated that, the lowest value of field water use efficiency 
was 8.10 Kg/m3 that obtained with drip irrigation method, 40 m lateral length 
and once irrigation per week. There was not significant effect of irrigation 
method on crop water use efficiency whereas the values of crop water use 
efficiency were 9.19 and 9.89 Kg/m3 for furrow and drip irrigation methods, 
respectively. Generally, increasing number of irrigation per week tended to 
increase field water use efficiency which the values of field water efficiency 
were 10.83, 9.73 and 9.12 Kg/m3 by using drip irrigation triple, twice and once 
per week, respectively.  
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Fig. 5: Effect of furrow and drip line length and irrigation intervals on 

field water use efficiency. 
 
7- Soil salinity.  
 Figure 6 indicates that, the total soluble salts as affected by the 
different treatments. Regarding the effect of irrigation method, it is clearly that 
furrow irrigation method resulted in reduction in soil salinity by about of 2.17 
% due to vertical salt leaching, where as the values of soil salinity were 3.23 
and 3.16 dsm-1  before planting and after harvesting, respectively. While the 
soil salinity increased in drip irrigation by about of 5.62 % before planting and 
after harvesting, respectively. The data showed that soil salinity increased at 
harvesting time in case of drip irrigation method because the salt 
accumulated in the root zone. Generally, it could be concluded that the salt 
accumulation in the root zone can be easily leached by increasing more 
amounts of irrigation water before the start of the next season. The increasing 
values of soil salinity were 0.11, 0.20 and 0.26 dsm-1 for irrigation intervals: 
once, twice and triple per week, respectively. The maximum value of soil 
salinity was 3.74 dsm-1 that obtained at 70 cm soil depth using drip irrigation 
method and interval irrigation once/week as shown in fig. 6.  
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Fig. 6: Effect of furrow and drip irrigation method and irrigation 

intervals on soil salinity. 
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Conclusion 
- The highest benefit per unit of applied water depends upon the effective use 

of water by preventing water losses. Drip irrigation is the frequent 
application of water either directly into the soil surface or into the root 
zone of the crop to maintain the soil water content near  the plant root at  
optimum level. So, it decreases the loss from irrigation water by deep 
percolation than the surface drip irrigation. 

-drip irrigation method gave the best values of saved irrigation water. It saved 
about of 723.84 m3/fed./season and recorded the highest value of 
irrigation application efficiency. 

- The salt accumulation in the root zone can be easily leached by increasing 
more amount of irrigation eater before start of the next season, where the 
farmers planting usually planting rice after sugar beet crop. 
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 الطينية الثقيلة األراضيمحصول بنجر السكر تحت نظام الري بالتنقيط في  إنتاج
 2مليحة إبراهيممحمد  و 1السعيد محمد خليفة

 ر الشيخجامعة كف –كلية الزراعة  –قسم الهندسة الزراعية  - 1
 شبرا -المركز القومي لبحوث المياه  –معهد بحوث إدارة المياه  - 2
 

السكر حيث  انثي يسثتهكم كميثاي كبيثر   إلنتاجمحصول بنجر السكر من المحاصيل الهامة 
فثثر رن اثثلا المحصثثول اثثو الثثرن السثث حر  كثث   اسثثتاماميمثثن ميثثار الثثرن وان نرثثال الثثرن ال ثثا   

 إتبثا مثن الرثرورن  فأصثب فر السكان ومحمومية الموارم الما ية  ا و . ونررا لكزيام  المستمر 
الرن الحميثة فر رن تكم المحاصيل لزيام  كفاء  استامال ميثار الثرن المتاحثة. ويرتبثر الثرن  أساليب

توفير كمية من ميار  إلمكانيةبالتنقي  من  رق الرن لو الكفاء  المرتفرة فقم استامل فر الر المراسة 
التجثارب الحقكيثة  أجريثيالر ث  الرميث . ولقثم  أواني تفقم من االل الجريثان السث حر الرن التر ك

وللم لتقييل الرن  2006/ 2005جامرة كفر ال يخ االل الموسل الزرا ر  –بمزر ة ككية الزرا ة 
 محصول بنجر السكر فر من قة الملتا وتأثير للم  ك  مكوحة التربة.  إنتاجبالتنقي  فر 

 -دراسة على المعامالت التالية :وقد اشتملت ال
 طريقة الري :المعامالت الرئيسية :  -1

 حر بالا و  والرن بالتنقي . واستاممي فر المراسة  ريقتين لكرن اما الرن الس
 مالت الشقية : فترات الري :االمع -2

الثرن ثثال   – أسبو ياالرن مرتان  – أسبو ياثال  فتراي لكرن ار : الرن مر  واحم   استاممي
 (.أسبو يامراي 

 المعامالت تحت الشقية : طول الخط : -1
لكا ثثو   أ ثثوالماتكفثثة لكا ثثو   يالثثرن السثث حر( و ثالثثثة  أ ثثوالتثثل اسثثتامال ثثثال  

 متر. 40 – 30 – 20الا و   أ واللكرن بالتنقي  وكاني  التوزي 
 أاثثلمكرراي.وكانثثي  ربثث ألكتجربثثة مثث   إحصثثا رواسثثتامل تصثثميل الق ثث  المن ثثقة مثثرتين كتصثثميل 

 -النتا ج المتحصل  كيها ار :
 أ ثوالوللثم باسثترمال  %0.47،  1.10متوس  كمياي ميثار الثرن المرثافة انافرثي بحثوالر  -

 متر. 40 أ والمتر مقارنة بالا و  لاي   30،  20ا و  
ر وكثلا محصول الجلو إنتاجيةالنتا ج أني ال توجم أ ن فروق مرنوية بين المرامالي  ك   أرهري -

 السكر. إنتاج
تثل الحصثول  كيهثا مث   %91.63ميار الرن كاني  إرافةقيمة لكفاء   أقص  أنالنتا ج  أورحي -

بينما كانثي  -كفتراي رن أسبو يامتر و الرن مر  واحم   20ا و   بأ والنرال الرن بالتنقي  
 حر  ك  ا و . م  الرن الس %69.10اقل قيمة 

ر الثثرن ازيثثام  كفثاء  اسثتامال ميث إلث  أمي أسثبو ياراي الثرن ترث  مثن التجثارب انثي بزيثثام  فتثا -
باستامال الثرن بثالتنقي   3كجل/متر 9.12و   9.73،    10.83وكاني القيل المتحصل  كيها ار 

 أسثبو ياو رن مثر  واحثم     أسثبو يا، مرتثان رن   أسثبو يا ك  فتراي رن ثثال  مثراي رن 
  ك  الترتيب.

انافاض مكوحة التربة نررا لزيام  كمية ميار الرن مث  زيثام  فتثراي  إل  أمىبزيام  فتراي الرن  -
 الرن.


