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ABSTRACT 
 

Two field experiments were carried out  at Mallawy Water Requirements 
Research station – El Minia , Governorate; Egypt Water Management Research 
Institute – National Water Research Center  during 2007 and 2008 seasons. The 
present research was carried out to study the effect of transplanting method on water 
use efficiency, yield, saving of water and economic evaluation for sugar can crop  
(Saccharum officinarum L. ) and compare it with common conventional cultivation  
practiced in this region. Four treatments were arranged in a split –plot design. Two of 
them planting method (normal and transplanting) and the others irrigation 
systems(furrows and beds).  

Results indicated that the planting sugar cane crop by transplanting  in  beds 
lead to an increase in productivity with rate equals 19.7% and more water saving  
( 24.33%) per year , decreased both the costs of product materials by about 9.37 %, 
and the irrigation time by about 31.82% and rising the total irrigation’s efficiency by 
71.97%. It also saved water by about 785.607770 million m

3
/ area (Average area 

cultivated by sugar cane in Egypt)  compared with the traditional method in this 
region. The results indicated also from the economic view point that , the transplanting 
method recorded the highest values of field and crop water use efficiencies (7.10 and 
10.68 kg/m

3
) respectively. Moreover the results indicated that the transplanting  

method decreased  the total cost / fed. The highest values of total income, production,  
financial benefits ( L.E/ area), net return of each and water irrigation (L.E /m

3
) and 

economic efficiency  were gained with it. Therefore , the economics of irrigation water 
becomes very important for planting irrigation management project where the over 
irrigation practices by farmers usually lead to low irrigation efficiency , water logging 
and high losses of water.  

It could be recommended to application of transplanting method to produce 
high yield  with less amount of water applied under El-Minia province conditions .  

 

INTRODUCTION 
 

Water in Egypt, perhaps more than in any other country , acquires a 
very high and special economic and social value. Almost all aspects of 
peoples life and work are centered on water. The quantity and quality of 
water available to the country is the limiting factor for all development 
activities. Agriculture, in particular, is totally dependent on irrigation. Water in 
Egypt is inherently scarce as a result of naturally arid climatic conditions. 
Population increase and economic growth have acquired higher demands for 
the limited water resources. The underlying historical perception by people in 
Egypt and elsewhere in the world that water is free natural resource supports 
the dominating influence of traditional political and social factors in the 
management and use of the resource. The increased use of the fixed 
resource in response to rising demands is not only reducing its availability, 
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but also jeopardizing its quality. In view of the vital importance of water for 
sustaining life ad prompting development, appropriate approaches and 
policies are needed to deal with the problems of water scarcity , and the 
challenges ahead. We certainly need continuing innovation and 
rationalization in our handling of water, but foremost and above all, we need 
to develop and put into place, a balanced system for the management of 
resources . We must work toward a framework for management functions 
that will integrate considerations of the present and the future , of technology 
and democracy , of  economics and environmental preservation , of growth 
and security , into informed management and governance practices regarding 
water .  

On other hand , sugar cane (Saccharum officinarum L. ) is considered 
to be one of the most important sugar crops all over the world. But in Egypt, 
sugar cane production faces some problems which developed by time. The 
main problems nowadays are the limited freshwater supply and water 
requirements which increased accompanying the increase in temperature 
degrees and wind speed as well as the reduction in the relative humidity . In 
addition , soils with low productivity have high water needs .So , it was  found 
that crops grown in the same soil and the same season almost have equal 
water needs ( Moursi, et al. 1977, El-Shafai 1996,  Chapman and Egan 1997, 
CCSC, 2003 and ESST, 2006 ) 

Sugar cane is repeatedly accused with having the highest water 
requirements among field crops. Therefore, some voices have lately risen up 
demands of the replacement of sugar cane with sugar beet which has 
relatively lower water needs .    

 On the other hand the farmer endeavors to increase the productivity 
of his crop , without putting consideration the limits of water and he does not 
care with the recommended rates of the required fertilizers . So the 
transplanting sugar cane crop is considered one of economical benefits 
methods for increasing plant density compare it with the normal traditional 
method . The use of transplanting method becomes very important to save 
water and  gained high yield but the high investment of application this 
method requires well trained skilled labor .Therefore , the introduction of this 
method lies primarily on the  shoulder of government institution , cooperatives 
and large companies then in the future the transplanting method will started 
to e widely introduced in Egypt. The aim of this work is to study the effect of 
transplanting method on water use efficiency , yield , saving water and 
economic evaluation for sugar cane crop . 

 
MATERIALS AND METHODS 

 
 Two field experiments were carried out for two seasons summer and 
winter of 2007 and 2008 at Mallawy, Water Requirements Research Station –
El Minia Governorate; Water Management Research Institute- National Water 
Research Center to study the effect of transplanting methods on water 
consumptive use, water applied, water use efficiency, economic evaluation, 
yield and quality of sugar cane crop .  
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The  experiments were included two planting methods (A) 
(transplanting method & conventional method ) and two irrigation systems (B) 
(furrow & beds) with four replications, the  experiment was arranged in a split 
plot design. The treatments of planting  methods were randomly distributed in 
the main plots and system irrigation treatments were randomly distributed in 
the sub-plots. The nursery was prepared beds . The nursery area was about 
350 m

2
 (20m x 17.5m)  which enough to cultivate one feddan of sugar cane in 

permanent  soil. Plastic beds were covered with soil mixture of 2/3 same soil 
permanent + 1/3 sand planting the nursery as done on 15

th
  of March, while, 

the time of transplanting was carried out at 90 days after planting in the 
nursery. 

The quantity of water applied was measured in nursery area by cut 
throat Flum Size ( 20 x 90 cm) where water applied was added during every 
irrigation at the end of each growing season the total quantity of water applied 
was estimated by ( m

3
/fed.)   

Some chemical and physical properties of the experiments soil 
before soil preparation were estimated according to the procedures outlined 
by Jackson ( 1967) are shown in Table (1)  
 
Table (1): Some physical and chemical properties of the experimental 

soils. 
Properties Season 2007 Season 2008 

   Clay% 36.92 36.15 

   Silt% 55.43 54.50 

                    Sand% 7.65 9.35 

Texture grade :  Silty clay loam Silty clay loam 

  Organic metter %  1.22 1.18 

  pH (1:2.5 suspention) 8.10 8.00 

  Ec m.mohs /cm 1.8 1.6 

Soluble cations :    

  Ca
++

  ( meq/L.) 9.78 8.45 

  Mg
++

 ( meq/L)  2.72 2.75 

  K
++

 ( meq/L) 0.24 0.23 

  Na
++

 ( meq/L)  4.95 4.45 

  CO3 
-2 

 ( meq/L.) - - 

  HCO 
-2 

 ( meq/L.) 3.86 3.25 

  CI
-
       ( meq/L.)  5.80 4.90 

  SO4 
-2 

   ( meq/L.)  8.03 7.70 

Available N mg /kg soil  21.1 19.35 

Available P ( ppm) 8.50 7.85 

Exchangeable K mg / kg soil 175 180 

Available S (ppm)  7.50 7.25 

 
Soil- water relationships  
Recorded data :  
Water Measurements  

In the two growing seasons , water was measured by using a 
rectangular sharp crested weir. The discharge was calculated using the 
following formula : 

Q = CLH
3 / 2

 
 
(Masoud, 1967) 
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Where   :  
Q :  The discharge in cubic meters per second   .  
L :  The length of the crest in meters.  
H :  The head in meters   .  
C: An empirical coefficient that must be determined from discharge 

 measurements . 
 The quantity of water was measured in studied area ( the farmer 

practices) by cut throat Flume size (20 x 90 cm) where applied water was  
added during each irrigation and at the end of each growth season the total 
quantity of water applied was estimated (m

3
/ fed.)  

Water consumptive use ( CU ) :    
The quantities of water consumptive use were calculated for the 60 cm 

soil depth which was assumed to be the depth of the root zone as reported by 
many investigators   

Monthly and seasonal water consumptive use were calculated by the 
summation of water consumed for the different successive irrigation through 
the whole growth season ( Serry et al. 1980).Calculation of CU was repeated 
for all irrigations until the harvesting date  

Water consumptive use per feddan (4200m
2
) can be obtained by the 

following equation .  
         2 - 1         depth  
CU=  ------ x b.d x ----- x area ( 4200m

2
) which described by Israelsen and Hansen, (1962 )  

        100              100 

Where :  
CU= Amount of water consumptive use(m

3
/fed) .  

2 = Soil moisture content %  by weigh after irrigation .  

1= Soil moisture content % by weigh  before the next irrigation  
b.d = Bulk density  ( g/ cm

3
 )  

Crop water use efficiency ( C.W.U.E ) 
 The crop water use efficiency is the weight of marketable crop 
produced per unit volume of water consumed by plants or the 
evapotranspition quantity . It was computed for the different treatments by 
dividing the yield( kg / fed) on units of evapotranspiration expressed as cubic 
meters of water per fed. ( Abd El- Rasool et al. 1971 )  It was calculated by 
the following formula .  
                           Yield ( kg / fed. )  
C.W.U.E = ------------------------------------------------------------------------------------------------------------------          = ( kg/ m

3
  ) 

                     Water consumptive use ( m
3
 / fed. )  

Field water use efficiency ( F.W.U.E . ) 
Field water use efficiency is the weight of markertable crop produced 

per the volume unit of applied irrigation which was expressed as cubic meters 
of water ( Michael ,  1978). 
It was calculated by the following equation : 
 
F.W.U.E. =                               = ( kg/ m

3
  ) 

 
 
 

Yield (kg/fed.) 
 

Water applied (m
3
/fed.) 
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Water application efficiency ( Ea) :  
The values of water application efficiency ( Ea) in percent for each 

treatment were obtained by dividing the total consumptive use on the applied 
irrigation water (Downy , 1970 )  

Ws 
Ea =  ( -------------- x 100 ) 

Wd 
Where :  
Ea = Water application efficiency .     ( % )  
Ws = Water stored in the root zone . ( m

3/ 
fed.) 

 

Wd= Water applied to the field plot . ( m
3/ 

fed.) 
 

Water distribution efficiency (Ed) :  
It was calculated according to Jame ( 1998) as follow :=  
Ed = ( 1- y ) x 100 
               d 
where :-  
Ed = Water distribution efficiency ( % )  
d- Average of soil water depth stored in long the furrow during the 

irrigation.(cm)   
y = Average numerical deviation from d  ( cm )  
Storage efficiency ( Es) :  
Values of storage efficiency ( Es) in percent for each treatment were obtained 
by dividing the total water storage on the amount quantity of irrigation water 
that must be added before irrigation ( Sharl  Sh.S. 1991 )   
                  Ws 
Es =  ( -------------- x 100 ) 
                  Wm  
Where :  
Es = water storage efficiency  ( % ) . 
Ws = water storage in the root zone  ( m

3
/ fed. )  

Wm= the amount of irrigation water that must be added before irrigation   
( m

3
/fed.) 

Economic efficiency :  
The economic efficiency refers to the combination of inputs that 

maximize individual or social objectives . Economic efficiency is defined in 
terms of two condition : necessity and sufficiency . Necessary conditions are 
met in the production process when they are is producing the same amount 
with fewer inputs or producing more with the same amount of inputs .But , the 
sufficient condition encompasses individual or social goals and values ( John 
and Frenk 1987 ) It was calculated by the formula :  
                                   Net  profit ( L.E/ fed) 
Economic efficiency = -------------------------------- 
                                   Total costs ( L.E /fed )  
Quality determination  
1-Millable cane yield ( ton /fed) : cane stalks of the four inner rows were 

harvested topped , cleaned , weighed and cane yield was calculated as 
ton/ fed. 
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2-Recoverable sugar yield ( ton / fed) : was estimated according to the 
Recoverable sugar yield ( ton / fed) = Millable cane yield ( ton/ fed) x Purity 
% Pol %  

3-Purity  % juice was calculated as in Satisha et al . ( 1996)  using the follow 
formula :  

Purity % = Surose % x 100 ÷ TSS %  (Total soluble solids ) was determined 
using “ Brix hydrometer”  standardized at 20Cᵒ as in A.O.A.C . (1995 )   

4-Pol % cane  of cane stalks was calculated y the following equation after 
determination of sucrose % in the cane juice using succharometer 
according to AOAC (1995).  

   Pol% = { Brix % -( Brix % -sucrose % )0.4} 0.73   
Statistical analysis :  

The  proper statistical analysis of all data was carried out according 
to Gomez and Gomez (1984) . Homogeneity of variance was examined 
before combined analysis the differences between means of the different 
treatments were compared using the least significant difference ( LSD )at 5% 
level .  

RESULTS AND DISCUSSION 
 

1-Total yield ( ton/ fed) and quality : 
Total yields ( ton / fed.) as well as its  quality properties expressed as 

pol % cane and purity % juices % as influenced by the different planting 
methods and irrigation systems were presented in Table (2) . The results 
show the planting method and system irrigation had a significant effect on 
millable cane and recoverable sugar cane crop The highest values of millable 
cane and recoverable sugar yields were obtained from transplanting method 
in beds (55.800 and 6.58 ton / fed.) respectively . While the lowest values of 
millable cane and recoverable sugar yields of sugar cane were obtained from 
conventional method in furrow (common method in experimental region)  
(46.60 and 5.66 ton / fed) respectively. These results are in agreement with 
those reported by El- Monoufi (1993), Tantaway (1999) and Abdel Rheem et 
al (2008) . In general , the transplanting method in (furrow & beds) produced 
highest values of total yield and recoverable sugar yield, so planting the 
sugar cane by transplanting method solves the problem of decreasing of the 
productivity, which faces the farmers planting sugar cane in late planting  
(in the end of May) after wheat crop . So many farmers using chemicals 
fertilizer , with rates higher than the recommended to increase the yield , that 
leads to  increase the product costs in condition of high prices of the current 
chemical fertilizers add to that negative effect , of using the chemical fertilizer 
on the environment, soil and quality of ground water over the years .So  
transplanting method is responsible for obtaining a high productivity of sugar 
cane with least possible amount of water applied .  

Generally,  it can be concluded that the planting method is preferable 
under the Egyptian conditions for sugar cane because it gaves higher values 
of millable cane, recoverable sugar yield, pol% cane and purity % juice of 
sugar cane. In addition there was a positive  correlation between both 
millable cane and recoverable sugar yields of sugar cane .Transplanting can 
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be consider as an important criterion in improvement of sugar cane 
productivity. 
 
Table (2): Productivity and sugar cane quality as affected by planting 

method and irrigation system ( combined between 2007 and 
2008 seasons )  

 
Property 
 

Planting method (A) LSD 0.05 

Transplanting  
methods 

Normal planting (common 
conventional  method) 

Irrigation system ( B ) A B AB 

Furrow Beds Mean Furrow Beds Mean 

Cane yield,  ton/ fed 55.50 55.80 55.65 46.60 47.10 46.85 2.06 - 1.07 

Sugar yield,  ton/ fed 6.55 6.58 6.85 5.66 5.78 5.72 0.46 - 0.19 

TSS%  21.33 21.50 21.42 21.83 22.17 22.00 - - - 

Sucrose %  17.46 17.65 17.56 18.08 18.31 18.20 - - - 

Purity %  81.86 82.09 81.98 82.82 82.59 82.71 0.51 - - 

Pol %  14.44 14.57 14.51 14.84 15.06 14.95 - - - 

Sugar recovery %  11.63 11.77 11.70 12.10 1226 12.18 0.44 - - 

Reducing sugar %  0.32 0.35 0.34 0.41 0.40 0.41 0.10 - - 

 
2-Seasonal irrigation water applied : 
 Average of the amounts of  water applied delivered ( m

3
/ fed) to 

different planting methods of sugar cane crop are shown in Table (3) . the 
irrigation water applied for sugar  cane plants were 10382.5 and 8565.57 
m

3
/fed for normal planting method under (furrow & beds), respectively and 

9671.45 and 7856.43 m
3
/ fed. for transplanting method in (furrow & beds) 

respectively. It is obvious that the lowest values of water applied was 7856.43 
m

3
/fed obtained from transplanting method in beds, whereas the highest 

values were 10382.5 m
3
/ fed. obtained form normal planting in furrow.  

 
Table (3):  Average of the quantity of water applied (m

3
/fed)  for different 

treatments during the two studied seasons for sugar cane 
crop .  

No.of 
irrigation 

Normal planting (convention method) Transplanting method 

Irrigation in furrow Irrigation in beds Irrigation in furrow Irrigation in beds 

1 678.10 564.6 641.77 520.22 

2 454.05 340.55 417.72 300.17 

3 481.21 367.71 444.88 330.21 

4 632.85 519.35 596.82 475.50 

5 596.79 483.29 560.46 438.91 

6 650.95 537.45 614.63 493.07 

7 677.48 563.98 641.15 519.6 

8 764.98 651.48 598.57 607.10 

9 687.28 573.78 650.95 529.40 

10 741.25 627.75 705.01 583.37 

11 703.35 589.85 667.02 545.47 

12 669.05 555.54 632.72 511.17 

13 680.24 566.74 643.91 522.36 

14 749.15 635.65 712.82 591.27 

15 631.94 518.44 595.61 474.06 

16 583.83 469.41 547.5 414.55 

Total/season 10382.5 8565.57 9671.45 7856.43 
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3-Water  saving ( m
3
/ area) :   

 Data in Table (4) show the  average quantity of water applied ( m
3
/ 

fed.) for the best transplanting method ( A1 , B1 ) which produced the high 
yield with  compared to other planting methods in both studied seasons. 
 The obtained results in present study show that when the best 
method is use( Transplanting method in beds)  the irrigation water is saved 
more than the normal planting in furrow ( common method in region ) by 
about 24.33% .The  results  show  also that ,  the amount of irrigation water 
which can be saved (as average) is 785.607770 million m

3
/ area compared to 

normal planning in furrow . This amount of saving water enough to cultivate 
area of ( generally ) 122751.21 feddan in old land  or cultivate different areas 
of horticulture and field crops under El-Minia conditions . These results reflex 
how much irrigation water can be saved when using the transplanting method 
.  In general , it could be concluded that water fast becoming an economically 
scarce resource in many area of the world . So , the use of transplanting 
method is very important to save water . The best method to plant sugar cane 
should give favorable crop yield and optimum amount of  irrigation water . 
Therefore , estimating economic of irrigation water becomes very important 
for planning irrigation management where the over irrigation by the farmers 
usually leads to low irrigation efficiency and high loss of water and fertilizer . 
These results reflex how much irrigation water can be save to produced the 
highest yield with least possible amount of water applied where the farmer’s 
practices in sugar can be ( conventional irrigation treatment ) utilized much 
water without giving higher productivity .  
 
4-Daily , monthly and seasonal actual water consumptive use : 
 Daily, monthly and seasonal water consumptive use values are 
presented in Table (5). The data obtained indicated that mean values of 
seasonal water consumptive  use were (136.94 , and 129.66) cm/season for 
normal planting method in (furrow & beds), respectively while were ( 132.91 
and 124.42 ) cm/ season for transplanting method under furrow and beds 
respectively. Generally it clear that the planting method in furrow 
(transplanting or normal planting) have high values of actual water 
consumptive use (132.94 and 136.94) cm/ seasons respectively while, 
planting in beds (transplanting or normal planting methods) gave lowest 
values of actual water consumptive use which (124.42 and 129.66 ) cm/ 
seasons respectively. It could be noticed that water consumptive use starts 
with small amount because the needs small amount of water plants at initial 
growth stage , therefore , soil moisture are mainly affect by evaporation from 
soil surface at this time , with the advance with plant age, evapotranspiration 
increase and consequently the monthly consumptive use increased as plant 
foliage develops . The monthly water consumptive use reaches its peak value 
in the middle off growing ( May – August ) season which is considered the 
critical period in water demands of sugarcane crop .  
5-Irrigation efficiencies :  
 Irrigation efficiency for different planting methods of sugar cane are 
shown in Table (6).  
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It is obvious that the highest values of total irrigation efficiency (71.79%)  
were obtained from transplanting method in beds while the lowest values 
(51.58%) were obtained from normal planting in furrow  
(common method in experimental). So it  could be concluded that  when 
transplanting method used in beds the total irrigation efficiency  increased 
from (51.73% ) to ( 71.79%) compared with the conventional method in 
region where the over irrigation practiced by the farmers usually lead to low 
irrigation efficiency and high losses of water .  
6-Water use efficiency ( WUE ) :  
 The water use efficiency is obtained by evaluating the two 
parameters of total yield per unit of water applied and water consumptive use. 
WUE is a tool for maximizing crop production per each unit of water irrigation. 
Effect of the different planting methods and system irrigation on WUE is 
presented in Table (7). From the presented data , it is clear that values of 
WUE of sugar cane differed from one treatment to anther .  
 The highest values of field and crop water use efficiencies (7.10 and 
10.68  kg/m

3
) were obtained with transplant method in beds respectively. This 

is mainly due to the higher yield of sugar cane and decrease water applied 
and water consumptive use in the transplanting method compared with the 
other treatments . While the lowest value were (4.49 and 8.10 kg/m

3
 

respectively) were obtained from normal planting in furrow . These results 
indicated that the transplanting method in beds is the best treatment from the 
view point of water management for sugar cane yield .  
 

 
Table (7) : Values of applied water(m

3
/fed) , total yield ( kg/ fed.), water 

consumptive use (m
3
/fed.), field and crop water use 

efficiencies of sugar cane crop, in both two studies seasons.  
 
Treatments 

Water 
applied 
( m

3
/fed) 

Total 
yield 
(kg/ 
fed.) 

Field water 
use 

efficiency 
( kg/ m

3
) 

Water 
consumptive 

use 
( m

3
/fed) 

Crop water 
use 

efficiency 
( kg/m

3
) 

Normal  planting   
(A1) method  

In furrow  (b1)  10382.5 46600 4.49 5751.48 8.1 

In beds (b2) 8565.57 47100 5.50 5445.75 8.65 

Transplanting 
method    (A2) 

In furrow (b1) 9671.45 55500 5.74 5582.22 9.94 

In beds (b2) 7856.43 55800 7.10 5225.64 10.68 

 
7-The Economic Evaluation :  
Total costs , production and total income ( L.E / fed.)  

Data in Table (8)  presented the average values of total cost , 
production, total income (L.E / fed.) and  net return from unit of irrigation 
water (L.E/ m

3
) as influenced  by different planting methods and irrigation 

system of sugar cane in both studied seasons .  
The maximum values of total income net profit  and return from a unit 

of irrigation  water applied and consumptive were 10602, 5169 , 066 and 0.99 
L.E/ m

3
  respectively obtained from plants which grow with transplanting 

method in beds (A2b2) .While , the lowest values of total income (L.E/ fed) , 
net profit  and net return from a unit of irrigation water (applied and 
consumptive use) were 8854, 5859, 0.27 and 0.49 L.E/ m

3
  respectively 

obtained from the normal planting in furrow (A1b2).  
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From these results it could be concluded that the transplanting method in 
beds lead to increase in total income , not profit and net return of irrigation  
water. The data in Table (8) show also that the highest values of yield 
(55.800 ton/ fed) were obtained from transplanting method in beds. Moreover 
the results indicted that the maximum values of total cost/fed obtained from 
conventional method in experimental region normal planting in furrow (5995 
L.E) while, using transplanting method can be decreased it by about 9.37% 
from production requirements for sugar cane crop compared to conventional 
method ( normal planting in furrow). These results reflex how much irrigation 
water can be saved to produce the highest yield with least possible amount of 
water  applied . 
8-The economic efficiency :  

Increasing net return or profit for crops refers to the decreasing of 
production costs or for increasing crop production. So the economic efficiency 
index refers to agricultural and irrigation activities, which can gave the highest 
return from each L.E unit which can spend on crop production . 

The economic  efficiency data are presented in Table (9). From these 
results it could be concluded that the lowest  values of economic efficiency 
was obtained from normal planting method in furrow  (0.48)  for each 
Egyptian pound (L.E) spend for production while, the highest economic 
efficiency (0.95) was obtained from transplanting method in beds . These 
increase in economic efficiency due to the enhancement of net profit in the 
transplanting method in beds compare with other treatments . 
 
Table (9): Average values of the economic efficiency under lifting 

irrigation system for various  treatments of sugar cane crop 
per feddan in both studied seasons .  

Treatments Total 
return 

Total cost 
LE/fed 

Net profit 
(L.E/fed.) 

Economic 
efficiency 

Normal planting 
method  

In furrow  8854 5995 2859 0.48 

In beds  8949 5865 3084 0.52 

Transplanting 
method  

In furrow  10545 5523 5022 0.91 

In beds  10602 5433 5169 0.95 

 
9-The financial benefits  ( LE/ area )  

Data in Table (10 ) show that the average values of financial benefits 
(L.E/ area) as a result of saving of water , yield , irrigation costs and irrigation 
time (L.E/ area). From these results it could be concluded that using  the best 
method (transplanting method in beds A2b2) get total of financial benefits of 
saving water by about (29.267487 L.E / area) + saving of yield  
(543.62800 L.E/ area) + saving of irrigation costs ( 20.252320 L.E/ area ) + 
saving of irrigation time ( 20.92500 L.E/ area ) = 613.940307 million L.E / 
area .  
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Conclusion  
Considering the previous discussion and conclusion the use of 

transplanting method has a positive effect on increasing agricultural 
production in both vertically and horizontally ; vertically by increasing yield per 
unit of land area , horizontally by saving water in order to irrigate more old or 
new lands . Thus the method becomes very important in saving water and 
obtaining high yield but the high investment of application this method 
requires well trained skilled labour. Therefore, the introduction of this method 
lies primarily on the shoulder of government  institutions, cooperatives and 
large companies then in the future the transplanting method will started to be 
widely introduced in Egypt.  So we have search for applicable  solutions and 
how to limit the sugar cane consumption  of water and keep the planted land 
as it is , and to expand the producing sugar from sugar beet in new lands . 
One of these solutions is the point of our study which study the effect of 
transplanting method in beds on water consumptive use and the water use 
efficiency for the crop in order to have a high yield and good quality with least 
quantities of water.  

The transplanting method decrease irrigation water requirements by 
about 24.33 % and increases yield by about 19.7 %, the total costs fed. 
decreased by about 9.37 % compared with others treatments. At the end of 
this study it may be recommended by application transplanting method to 
produce high yield and quality with the least possible amount of water applied 
under El-Minia province conditions .  
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تأأير ط يط  أأا ةطمحأأا قصبأألس ربأأل مل أأىط فالةأأتس حاأأا ىيأأا   م أأت  م  ملق أأا  
 لق اطنتها فالةطمحا ملت ا   ا 

 صق  حف  ملطص  أص ن 
 ملقطىة مل لقا لفصلث ملق ا  –قعه  فصلث م مط  ملق ا  

 
ز باحطتتم اقااتت ت ر   2008،  2007ختت ا مواسم تتز مويرمليتتى و تت ا    ين حقلي تتينربجريتتت  جتت

مواركي موقسا  وبحسث مواي ه سذوت  بهتدد درم تى اتد  ماك ايتى  -بحثيى مو  ب ى وا هد بحسث مدمرة مواي ه الس  مو
يرملم احصسا قصب مو كر بطريق موش ا س أثيره  لل  ملاح ي ج ت موا ئيم موف ليى سملا  ه   موا ئ  موف لت  

قلت  سما  جيتى سجتسده احصتسا قصتب مو تكر سكف ءمت مور  مواخ لفم سكف ءمت م  خدمز سموكف ءة موكليى ولر  موح
ب لاضتت  ى موتت   قيتتيز ساق راتتى طريتتق موشتت ا  قيياتت ق مق صتت دي ق ساق را هتت  ب وطريقتتى مو قليديتتى وليرملتتى مو تت ئده  تت  

 موااطقم . 
 – قتتتد مشتتت لالت مو جربتتتى للتتت  ا  ال تتت ن رئي تتتي ين وطريتتتق مويرملتتتى ي مويرملتتتى ب وطريقتتتى مو  ديتتتم 

موتر   ت  اصت طب (   –( سلل  ا  ال  ن ااشتق ين لا تلسب موتر  ي موتر   ت  خطتسط سمويرملى بطريقى موش ا
 Split – plotsاكتررمت وتذم صتاات مو جربتى قطتع ااشتقى  4× سبذو  مش الت مو جربتى للت  مربتع ا ت ا ت 

 لر  مظهطت ملنتائج فا هذ  مل طم ه حاا ملاتا : 
  موحصتتسا للتت  مللتت  ما  جيتتى اتتتن مدت طريقتتى مويرملتتم ب وشتت ا  حتتت ا تت ز موتتر   تتت  اصتت طب موتت -1

 % سذو  لاد اق را ه  ب ويرملى مو قليديى مو  ئده    موااطقم .  19.7مواحصسا سحققت يي ده قدره  
 132.91،  129.66،  136.94ك ن ا س ط ملا  ه   موا ئ  موف لت  خت ا اس تا  مودرم تم باقتدمر  -2

قى  مو  ديتم  ت  خطتسط سموطريقتى مو  ديتى  ز / اس ز واحصسا قصب مو كر مواايرع ب وطري 124.42، 
    اص طب سطريقى موش ا    خطسط سطريق موش ا    اص طب لل  مو سمو  . 

ملطيت طريق مويرملى واحصسا قصب مو كر موااتيرع  تسمء ب وطريقتى مو  ديتى طس بطريقتى موشت ا  حتت  -3
/ د 3ز 5582.22،  5751.48م تتلسب موتتر   تت  خطتتسط مللتت  قتتيز و  تت ه   ولاتت ئ  موف لتت  باقتتدمر 

بياا  ملطيت طريقى مويرملى  سمء ب وطريقى مو  ديم طس بطريق موش ا  حت ا ت ز موتر   ت  اصت طب مقتا 
 .  / د لل  مو سمو 3ز 5225.64،  .5445.7موقيز و   ه   موا ئ  موف ل  طسا مواسم ز باقدمر 

مواي ه مواض  ى طتسما مواس تز ك اتت طسضحت موا  ئج طن طقا موقيز مو    ز موحصسا لليه   لاجا و  كاي ت  -4
ا  ئجى لاد م ب ع طريقى مويرملتى واحصتسا قصتب مو تكر  حتت م تلسب موتر   ت  اصت طب حيتث ك اتت 

/ د بيااتت  ملطيتتت  موطريقتتى مو  ديتتى واحصتتسا موقصتتب  حتتت م تتلسب موتتر   تت  3ز 7856.43باقتتدمر 
ت موايت ه مواضت  ى طتسما مواس تز حيتث خطسط ي موطريقى مو قليديى مو ت ئده  ت  موااطقتم ( مللت  موقتيز وكايت 

 / د3ز 10382.50ك ات باقدمر 
طسضحت موا  ئج ان سجهى موا ر موا ئيم ب ن م صا م ضا م تلسب وليرملتى سر  احصتسا قصتب مو تكر  -5

ه  م ب ع طريقى موش ا  حت ا  ز مور     اص طب سموذ   ان خلتى  تز موحصتسا للت  س تر ات ئ  قتدره 
 ملى مو قليديى ويرملى احصسا قصب مو كر مو  ئده ب وااطقم .%  اسي  اق را ق ب وير24.33

طسضحت موا  ئج طيض ق بأن هذم موس ر موا ئ  موذ   ز موحصتسا لاتد م بت ع طريقتى يرملتى احصتسا قصتب  -6
مو كر بطريقى موش ا  حت م لسب مور     اص طب سذو  لاتد اق را هت  ب ويرملتى مو قليديتى  مو ت ئدة  ت  

/ ولفتتدمن  تتاسي ق وتتذم   ااتت  ا تت طيع اتتن ختت ا هتتذم موتتس ر موحصتتسا للتت  3ز 2526.07موااطقتتم قتتدر باحتتس 
 311مجا و  س ر ا ئ   تاسي ق اا تسب ق موت  موا ت حى مواايرلتى قصتب ح ويت  للت  ا ت س   موجاهسريتى ي 

ز 785.607770مود  دمن( باحس 
3
/ ا  حى سمن هتذه موكايتى اتن موايت ه  كفت  ويرملتى ا ت ح ت اخلفتى  

موحقليى سموب   ايى ملاختر  مواطلتسب مو س تع  يهت   تسمء  ت  ملارمضت  موقدياتم طس موجديتدة   ان مواح صيا
 اح صيا . وطبق ق ولا اين موا ئ  وهذه م

طسضحت موا  ئج  ميض ق بأاى  ز ر ع موكف ءة موكليتى ولتر  موحقلت  سذوت  لاتد م بت ع يرملتى احصتسا قصتب  -7
% سذوت  اق رات ق بكفت ءة موتر  موحقلت  7179وت  مو كر بطريقى موش ا  حت م تلسب موتر   ت  اصت طب م

 .% 51.57رت باحس موكليى مو    ز موحصسا لليه  ولطريقى مو قليديى مو  ئدة    موااطقم سمو   قد
 
 
% سكتذو  27.13طسضحت موا  ئج ميض ق بأاى  ز موحصسا لل  ماخفت    ت  مو كت ويد موكليتى ولتر  باحتس  -8

و  ماخفتت    تت  مجاتت و  مو كتت ويد موكليتتى ي ا تت ليا ت % سكتتذ31.82ماخفتت     تت  ياتتن موتتر  باحتتس 
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% سذو  لاد يرملى احصسا قصب مو تكر بطريقتى موشت ا  حتت ا ت ز   9.23ملاا  ج ولاحصسا ( باحس 
 مور     اص طب سذو  لاد اق را ه  ب وطريقى مو قليديم  مو  ئدة    موااطقم . 

 10602للت  طللت  قتيز اتن مجات و  موتدخا ي طسضحت موا  ئج اتن موا حيتم ملاق صت ديم بأاتى  تز موحصتسا  -9
جتـ/ د (  سكتذو  اتد  ملاا فت ع ب وسحتده موا ئيتم مواضت  ى سموا ت هلكى  5169جـ/ د ( سصت    موترب) ي 

جـ/ ز    ،99 66ي  3ا بر لاه   جـ / ز
3
لل  مو سمو  ( سكذو  اد  ملاا ف ع ب وسحتدة موا ئيتم مواضت  ى  

سموا تت هلكى ا بتتر لاهتت  كجتتز / ز
3
للتت  مو تتسمو  ( ك اتتت ا  جتتى لاتتد م بتت ع  3كجتتز/ ز 10.68،  7.10ي  

طريقى موش ا ويرملى احصسا قصب مو كر  حت م لسب مور     اصت طب بياات  مسضتحت موا ت ئج بتأن 
جـ/ د ( سكذو  ملاا فت ع ب وسحتدة  2859جـ/ د ( ،ـ سص     مورب) ي  8854مقا موقيز لاجا و  مودخاي 

م ا بر لاه  جـ/زموا ئيم مواض  ى سموا  هلك
3
(  سكتذو  اتد  ملاا فت ع ب وسحتدة لل  مو تسمو 27  ،49 ي  

موا ئيم مواضت  ى سموا ت هلكى ا بتر لاهت  كجتز/ ز
3
كجتز/ د ( ك اتت ا  جتى لاتد يرملتى  8.10،  4.49ي  

 .  ريقم مو  ديم مو  ئدة    موااطقماحصسا قصب مو كر ب وط
م  حتت ا ت ز موتر  بت ور ع واحصتسا قصتب مو تكر ك اتت طسضحت موا  ئج طيض ق بأن ملل  كفت ءة مق صت دي -10

ا  جى لاد يرملتى احصتسا مو تكر بطريقتى موشت ا  حتت م تلسب موتر   ت  اصت طب حيتث ك اتت باقتدمر 

95  جايى وكا جايى اصتر   تز ماف قتى  ت  ا ت ليا ت ملاا ت ج مو ياتى ولاحصتسا بياات  ملطيتت موطريقتى

جتـ / جايتى  تز ماف قتى  48قيز ولكف ءة ملاق ص ديى حيث ك اتت باقتدمر مو  ديم مو قليديى مو  ئده ب وااطقم مقا مو
   ا  ليا ت ملاا  ج سان ذو  ي ض) اد  موجدس  ملاق ص ديم ا يجى  طبيق طريقى موشت ا  ت  اصت طب 
واحصسا قصب مو كر سمو اا لل  ضرسرة  افيذ هذم ملا بسب لل  ا  س  موحقسا ملارشت ديم كارحلتى 

 مو س ع     طبيقه  س  اياه  ب د ذو  . طسويى  ز مو اا لل  
قتتدرت مو سمئتتد ملاق صتت ديم موا حصتتا لليهتت  ا ويتت ق وجايتتع ا تت ا ت مو جربتتى سموا  جتتى لتتن موتتس ر  مواتت ئ   -11

سموس ر ملاا  ج  سموتس ر  ت   كلفتى موتر  سموتس ر  ت  ياتن موتر  للت  ا ت س  موا ت حم موكليتى واحصتسا 
طسضحت موا  ئج موا حصا لليه  بأاى  ز موحصتسا للت  مللت  قصب مو كر ا برم لاه  ي جـ/ ا  حى (  س

مجات و  ول سمئتد ملاق صت ديم موا ويتى واحصتسا قصتب مو تكر سذوت  لاتد م بت ع طريقتى موشت ا  حتت م تتلسب 
 اليتتتسن / جايتتتى ا يجتتتم موتتتس ر مواتتت ئ  (    20.067487موتتتر   تتت  اصتتت طب حيتتتث ك اتتتت باقتتتدمر ي 

اليسن جايى ا يجم موتس ر  ت   20.992500ملاا  ج     ي  اليسن / جايى ا يجم موس ر 543.628000ي 
اليتتتتسن جايتتتتى ا يجتتتتم موتتتتس ر  تتتت  ياتتتتن موتتتتر  ( ب جاتتتت و  قتتتتدره  20.252320 كتتتت ويد موتتتتر  (  ي 

 اليسن جـ/ موا  حى سذو  اق را ق ب ويرملى مو قليديى مو  ئده    موااطقم .  613.940307
 

 را  فتصى   ملفصث

 
 

 
 
 
 
 
 

 جاقعا ملقنبلط  –ىا ا ملةطمحا    ىمل    قصقل  فلةى ملص أ.  / 
 ملقطىة مل لقا لفصلث ملق ا  قصق  مفطمه   قا صهأ.  / 
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 Table (4): Water saving (m
3
/ fed) which obtained from the best  treatment (transplanting method  in beds)  

compared with other treatments for sugar can crop during the both studied seasons .   
 
 
Treatment 

Increase of yield % of 
increase in 

yield 

Water 
applied 
(m

3
/fed) 

Saved water Average area 
cultivated 

cultivated plan 
cane crop in 

Egypt 

To total of 
water 

saving m
3
/ 

million 
/area 

The area (fed.) of 
old land which can 
be cultivated as a 
resulting of saving 

water 

 
(Ton/ 
fed) 

 
(Ton/ 
fed) 

 
(m

3
/fed) 

 
% 

Normal planting in furrow  
( common method in region)  
Transplanting method  in furrow   

46.600 
 

8.9 19.1 10382.5 711.05 6.85 311000 221.136550 3552.6 

55.500 9671.45 

Normal planting in furrow  
( common method in region)  
Normal plants in beds 

46.600 
 

0.5 1.07 10382.5 1816.93 17.5 311000 565.065230 88299.4 

47.100 8565.57 

Normal planting in furrow  
( common method in region)  
Transplanting method  in beds 

46.600 
 

9.2 19.7 10382.5 2526.07 24.33 311000 785.607770 122751.21 

55.800 7856.43 

 
 Table (5) : Average values of actual water consumptive use ( daily , monthly and seasonal ) for sugar cane plants 

as affected by transplanting and normal planting methods (furrow & beds) (average of both seasons)  

Months 

actual water consumptive use 

Normal planting in furrow Normal planting in beds 
Transplanting planting in 

furrow 
Transplanting  planting in 

beds 

mm/ 
day 

mm/ 
month 

cm/ 
month 

m
3
/ 

fed 
mm/ 
day 

mm/ 
month 

cm/ 
month 

m
3
/ 

fed 
mm/ 
day 

mm/ 
month 

cm/ 
month 

m
3
/ 

fed 
mm/ 
day 

mm/ 
month 

cm/ 
month 

m
3
/ 

fed 

March 1.94 21.444 2.13 89.46 1.82 20.02 2.00 84 1.91 21.01 2.10 88.2 1.47 16.17 1.62 68.54 

April  4.79 143.70 14.37 603.54 4.17 125.10 12.51 525.42 4.34 130.20 13.02 546.84 4.17 125.10 12.51 525.42 

May 6.69 207.40 20.74 871.08 6.22 192.80 19.28 809.76 6.39 198.09 19.81 832.02 6.23 193.13 19.31 811.02 

June 7.21 216.30 21.63 908.46 6.81 204.30 20.43 858.06 7.16 214.80 21.48 902.16 7.00 210 21.00 882 

July 7.52 233.10 23.31 979.02 7.66 229.80 22.98 965.16 7.59 235.20 23.52 987.84 7.43 230.33 23.03 967.26 

Agust  7.53 233.43 23.34 980.28 7.67 237.80 23.78 998.76 7.51 232.80 23.28 977.76 7.36 228.16 22.08 927.36 

Sept 5.44 163.20 16.32 685.44 5.25 157.50 15.75 661.50 5.42 162.60 16.26 682.92 4.92 147.60 14.76 619.92 

Oct . 5.03 150.90 15.10 634.20 4.31 129.30 12.93 543.06 4.48 134.40 13.44 564.48 3.37 101.10 10.11 424.62 

Total    136.94 5751.48   129.66 5445.72   132.91 5582.22   124.42 5225.64 
   Source : Actual field measurements  
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 Table (6) : Average values of irrigation efficiencies (%) ( application, storage and distribution efficiency ) and total 
irrigation efficiency for different planting methods for sugar cane crop in both studied seasons .  

No.of 
irrigation 

Irrigation efficiency’s ( %) 

Normal planting in furrow Normal planting in beds Transplanting planting in furrow Transplanting  planting in beds 

Ea% Es% Ewd% 
Total 

irrigation 
efficiency 

Ea% Es% Ewd% 
Total 

irrigation 
efficiency 

Ea% Es% Ewd% 
Total 

irrigation 
efficiency 

Ea% Es% Ewd% 
Total 

irrigation 
efficiency 

1 65.10 76.70 97.13 48.50 75.00 85.00 99.00 63.10 69.00 81.30 97.13 54.50 81.00 90.00 98.50 71.80 

2 66.80 76.90 96.90 49.80 74.00 86.00 99.80 63.50 70.00 82.00 99.50 57.10 80.00 89.50 99.80 71.40 

3 66.50 78.10 99.80 51.83 77.00 89.00 99.50 68.20 69.00 83.00 99.70 57.40 79.50 91.20 99.80 72.20 

4 67.60 69.45 96.40 51.80 76.20 88.60 99.80 67.30 68.90 82.50 99.80 56.40 78.90 92.00 99.80 72.50 

5 68.55 82.95 99.10 50.90 77.30 87.90 99.80 67.88 70.20 83.20 99.50 58.11 79.00 93.50 99.70 73.64 

6 69.00 74.80 99.10 54.50 75.40 86.90 99.50 65.20 69.20 82.90 99.30 55.70 78.40 92.40 99.50 72.10 

7 69.00 75.60 99.70 52.00 74.40 87.00 99.70 64.50 70.40 81.80 99.70 57.41 77.50 90.90 99.60 96.90 

8 68.50 72.90 97.88 48.90 75.30 90.10 99.50 67.51 69.90 82.30 99.50 57.24 77.90 92.50 99.50 71.70 

9 69.50 75.00 99.53 51.80 74.90 91.20 99.50 67.97 71.20 84.20 99.33 58.94 77.30 93.80 99.50 72.14 

10 69.00 75.60 98.32 51.30 75.20 90.30 98.52 66.90 72.20 84.20 98.32 59.80 79.90 93.40 98.52 72.52 

11 69.00 76.00 98.20 51.50 76.20 89.90 99.50 68.20 72.40 84.00 99.00 60.20 78.90 94.10 99.50 73.80 

12 74.40 82.40 98.50 60.40 75.90 88.90 99.00 66.80 75.30 83.20 98.50 61.72 78.10 92.20 99.00 71.30 

13 70.66 77.30 98.10 53.80 74.80 85.30 99.00 63.17 72.60 79.40 98.10 56.60 77.40 90.50 99.00 68.96 

14 69.00 74.00 99.00 50.50 76.20 89.40 99.20 67.50 72.50 84.90 99.00 60.90 77.90 93.20 99.20 72.00 

15 68.90 71.00 99.00 47.80 75.90 86.20 99.00 65.15 72.30 79.30 99.00 56.90 78.70 91.30 99.00 71.10 

16 68.00 73.80 99.50 49.93 74.30 85.90 99.50 63.50 73.10 80.20 99.50 58.30 79.20 90.90 99.50 71.63 

Average  68.72 76.41 98.51 51.58 75.50 88.00 99.36 66.01 71.01 82.34 99.10 57.94 78.72 91.8 99.34 71.79 

     Source : Actual field measurements      Ea= application efficiency  
Es = storage efficiency  
Ewd= water distribution efficiency  
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    Table (8): Average values of total costs , production , total income ( L.E ) and net return per cubic meter a water  
(L.E /m

3
) (for  both studies seasons) by different planting methods and system irrigation  for sugar 

cane crop.  
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In bests (b2) 120 - 460 175 760 150 375 3500 150 175 5865 47.100 190 8949 3084 5445.75 0.47 8565.47 0.36 

Transplanting 

method (A2) 

In furrow 120 215 150 220 608 150 190 3500 150 220 5523 55.500 190 10545 5022 5582.22 0.89 9671.45 0.52 

In bests  120 215 150 175 608 150 190 3500 150 175 5433 55.800 190 10602 5169 525.64 0.99 7856.43 0.66 
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 Table (10): The total of finical benefits  (L.E) area of the best methods (Transplanting method  in beds A2b2 ) in 
experimental region . 
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613.940307 
 

Transplanting 
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beds (A2b2)  
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10.93 

* Resource : Egypt : study on cost Recovery in the irrigation and Drainage sector , Ministry of irrigation and water Resources ( KFW.) September 
2004 Cairo .  

 

 


