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ABSTRACT: 
Rice (Oryza sativa. L) is considered one of the most important food crops, 

as it is a more profitable one than the other summer crops from the economical 

point of view in Egypt. Also, it is not only stable food source for majority of the 

Egyptian population but also it has become one of the most exportable crops in 

Egyptian agricultural system after the free cropping pattern policy. For these 

reasons, the areas cultivated with rice have been annually increased, although it is 

one of the most inefficient in water use among field crops due to it grows 

generally under continuously submerged conditions. Under the key of saving 

water conditions and achieving high water use efficiency, a special attention was 

focused to optimize transplanting method and irrigation water management for 

raising the water use efficiency of rice plants through a proper their equitably 

distribution among all rice fields. Thus, the problem is how to distribute the 

irrigation water equitably among all rice fields with high water use efficiency?.  

To achieve a profitable solution for this problem, a field experiment was 

conducted on a sandy clay loam soil during two successive growing summer 

seasons 2007 and 2008 at a private farm, Sinnuris district, Fayoum governorate, 

Egypt to evaluate the effect of applying a new method (M) for rice transplanting 

(transplanting on strips) on rice yield and its components as well as some soil-

water relationships. However, rice seedlings of two rice cultivars of Hybrid 2 and 

Sakha 104 were transplanting at furrow bottoms of either 60 cm (M2) or 80 cm 

(M3) apart as compared with the traditional transplanting method (M1, 

transplanting on a flat soil), under different submerged irrigation water depths of 

6 cm (D1) and 8 cm (D2).  

The obtained data indicate that highly significant differences were existed 

among the studied transplanting methods, among some plant parameters of 

growth (i.e., plant height) and rice yield (i.e., panicle length, 1000 grain weight, 

grain and straw yields). These differences are confirmed by the mean values in 

combined analysis for the plant heights which recorded 100.30, 105.18 and 

107.12 cm for M1, M2 and M3 treatments, respectively. Also, the tallest rice 

plants were significantly affected by both rice cultivars and submerged irrigation 

water depths, where plant height was recorded 107.1 cm at a depth of 8 cm (D2) 

for Hybrid 2 cultivar as compared with Sakha 104 which was 101.3 cm as an 

average of the two growing seasons. 

Results showed also a significantly increase in panicle length due applying 

the new transplanting method, where its mean value in combined analysis were 

19.56, 20.93 and 21.71 cm for M1, M2 and M3, with a superiority for D2 (8 cm 

depth) and Hybrid 2 cultivar as compared with D1 (6 cm) and Sakha 104, 

respectively. Also, the corresponding mean values were 26.13, 28.71 and 29.25 

gm for 1000 grain weight of rice vs 26.53 and 29.53 gm for submerged irrigation 

water depths of D1 (6 cm) and D2 (8 cm), respectively.  
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As for the rice grain yield as affected by rice cultivars, transplanting 

methods, submerged irrigation water depths and, the obtained data reveal that the 

mean values in the combined analysis were 5.269 and 4.197 ton fed
-1

 for Hybrid 2 

and Sakha 104, with the relative increase percentages due to applied M2 and M3 

treatments of 9.78 and 13.70 % over the control treatment (M1), respectively. The 

corresponding mean values of grain yield were 4.517 and 4.949 ton fed
-1

 for D1 

and D2, respectively.  A similar trend was obtained for straw yield, as it is 

significantly increased in case of Hybrid 2 cultivar, transplanting on strips and D2 

(submerged irrigation water depth at 8 cm) in individual and combined seasons.  

Data of over both seasons indicate that applied both M2 and M3 treatments 

resulted in saving water amounts reached 1890 (30.15 %) and 2136 m
3
 fed

-1
 

(34.06 %) as compared with M1 treatment, respectively. Data showed also that 

irrigation water depth was a highly effect on saving water, where the greatest 

value of water saved (2263 m
3
 fed

-1 
≈ 35.97 % as an average of two growing 

seasons) was found under irrigation water depth of 6 cm (D1). Regarding the 

impact of rice cultivars, Hybrid 2 recorded a greatest value of saving water (2365 

m
3 

fed
-1 

≈
 
36.64 % as an average of two growing seasons) as compared to Sakha 

104, which recorded saving water value of 2161 m
3
fed ≈ 33.54% as average of 

two growing seasons. Thus, it is recommended by applying the transplanting of 

rice seedlings (Hybrid 2 cv.) on strips at 80 cm apart, with a submerged irrigation 

water depth of 8 cm to maximize both grain and straw yields vs saving irrigation 

water and increasing unit productivity of either soil or water from rice yield.  
 

Key Words: Rice cultivars, transplanting methods, irrigation water management, 
irrigation water depth, growth and yield parameters of rice crop.    

 

INTRODUCTION:  
Egypt is an arid country with rapid population growth and escalating 

living standards. The natural and geographical conditions of Egypt are not 
auspicious in terms of fresh water resources availability. The generative 
watershed of the Nile, which is the main source of water for the country, is 
totally located outside Egypt’s international borders. Paddy crop, i.e. rice is 
strongly influenced by water supply, hence water should be kept standing in the 
field throughout the growth period. In water scarcity areas, saturated soil in a 
chemical reduced stage is desirable. The characteristics of flooded soil which 
are conducive to high yields are: i) greater availability of nutrients such as 
phosphorus, iron and manganese, ii) suppression of weed competition, iii) 
elimination of moisture stress as a limiting factor, and iv) micro-climate 
favorable to crop production. 

The authorities in Egypt limit the area devoted to rice to be about 1.1 
million feddan every year, but the actually annual area cultivated with rice is 
about 1.7 million feddan (1 hectare = 2.5 feddans) in 2008 which produced 
4.08 million tons of paddy rice with an average of 4.06 ton/fed (Statistical 
Database by Agric. Res. Center, Ministry of Agriculture and Land 
Reclamation, 2008).  

In Egypt, Abdel-Hafez (1982) investigated the effect of five irrigation 
treatments (5, 10, 15 cm water depth, saturation point and field capacity) on 
rice productivity. He found that plant height; total number of tillers per hill, 
panicle length, number of spikelets/panicle and percentage of ripened 
grains/panicle were reduced when the soil moisture content was decreased to 
the field capacity. He added that water requirements of rice in the Northern 
Delta water found to be 6900-7000 m

3
/fed.  

In spite of the great progress achieved in rice productivity still there is a 
need of increasing rice yield per unit area with irrigation water less. Increasing 
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water use efficiency of rice could be achieved by different ways, i.e., 
developing high yielding cultivars that having short duration such as rice 
cultivar of Hybrid 2 (SK 2047H) which recorded an increase in grain yield 
averaged 20 % compared with the conventional cultivar (Sakha 104). Such 
increase would achieve food security in Egypt (Arafat 2007). The water 
resources in Egypt are considered limited although the population increasing 
continuously. In this sense, Egypt will not have sufficient water resources to 
overcome their agricultural, domestic, industrial and environmental needs. 
One of the main strategies to meet this problem could be achieved by using a 
better water management policy. Irrigation management under Egyptian land 
conditions of surface irrigation method is very important to improve crop 
productivity and saving water. For increasing water use efficiency, a special 
attention was focused to optimize transplanting method of rice seedlings for 
saving water without additional costs to the farmers. 

Irrigation method is one of the applied techniques that can be 
implemented in rice irrigation schemes. This technique involves an effective 
use for reducing irrigation water through an operation of raising water use 
efficiency, and in turn increasing crop production. This will lead to save in 
costs for operation and management. So saving water is necessary to face the 
water shortage in the future. Such saving for irrigation water of rice will be 
achieved by using a new planting and irrigation methods with high potential 
for water saving, The present study aims to evaluate a new transplanting and 
irrigation methods under different irrigation water depths for two rice cultivars 
for maximizing water use efficiency, and consequently saving water. 

 

MATERIALS AND METHODS: 
To achieve the aforementioned target, a field experiment was conducted 

on a sandy clay loam soil during two successive growing summer seasons 
2007 and 2008 at a private farm, Sinnuris district, Fayoum governorate, Egypt 
to evaluate the effect of applying a new method (M) for rice transplanting 
(transplanting on strips) on rice yield and its components as well as some soil-
water relationships. However, rice seedlings of two rice cultivars of Hybrid 2 
and Sakha 104 were transplanting at furrow bottoms of either 60 cm (M2) or 
80 cm (M3) apart as compared with the traditional transplanting method (M1, 
transplanting on a flat soil), under different submerged irrigation water depths 
of 6 cm (D1) and 8 cm (D2). Some physical and chemical properties of the 
studied soil and irrigation water samples were determined according to the 
standard methods undertaken by Gee and Bauder (1986) and Black et al. 
(1965), and the obtained date are presented in Table (1).  

 

Table (1): Some properties of the studied soil and irrigation water. 
a. Particle size distribution 

Soil depth 

(cm) 

Particle size distribution % 
Texture class 

Coarse sand  Fine sand Silt  Clay  

0-20 24.5 36.6 17.4 21.5 Sandy clay loam 

20-40 27.6 37.4 16.8 18.2 
Sandy loam 

40-60 32.5 32.0 17.0 18.5 

a. Chemical properties  

Sample  pH 
EC 

(dSm-1) 

Soluble cations (mmolc L-1) Soluble anions (mmolc L-1) 

Ca2+ Mg2+ Na+ K+ CO3
2- HCO3

- Cl- SO4
2- 

Soil 8.06*                           0.79 2.2 1.8 3.5 0.6 0.0 3.2 2.8 2.1 

Water 7.35 0.58 1.7 1.0 2.7 0.4 0.0 3.0 1.5 1.3 

* pH was determined in 1:2.5 soil water suspension  
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Fig. (1). Cross-sectional strips of furrows diagram (60 cm wide) 

1. Experimental design: 
A split-split plot design with three replicates was used, field area was 

divided into 36 plots with an area of 150 m
2
 (12.5 m long × 12.0 m wide) for 

each one, which was isolated from the others by borders to prevent the 
horizontal water movement.  
a. The main plots are represented by the transplanting methods (M) as follow:  
M1: Traditional transplanting method, where rice seedlings were transplanting 

on flat soil at hills of 20×20 cm apart to give a rate of 25 hill m
-2

. 
M2: Strip of furrows of 60 cm apart, where, 30 cm was for either furrow top 

(border) or bottom (tape), and the seedlings were transplanting in hills of 
13 cm apart in the two rows on the bottoms of furrow (tapes), keeping 
population as the same recommended in the traditional method (25 hills   
m

-2
), as shown in Fig. (1). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
 
 

 

M3: Strip of furrows of 80 cm apart, where, 30 cm was for either furrow top 
(border) or bottom (tape), and the seedlings were transplanting in hills of 
13 cm apart in the two rows on the bottoms of furrow (tapes), keeping 
population as the same recommended in the traditional method (25hills   
m

-2
), as shown in Fig. (2). 

b. The sub-main plots are the rice cultivars (C) as follow:  
C1: (SK 2047 H) Hybrid 2. 
C2: Sakha 104.  

 

30 cm 

30 cm 

45 cm 

35 cm 

20 cm 

20 cm 

Fig. (2). Cross-sectional strips of furrows diagram (80 cm wide). 
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C- The treatments: 
D1: 6 cm of irrigation water depth.  
D2: 8 cm of irrigation water depth.  

2. Meteorological data:  
The investigated area was about 6500 m

2
, and some meteorological data 

of the location, which lies between 30
º
 50' N latitude and 30

º
 42' E longitude, 

for the two growing seasons are presented in Table (2). 
 

Table (2): Monthly maximum and minimum temperature (Cº), relative humidity (%) 

and evaporation (Epan) at Atsa meteorological station, Fayoum governorate 

in 2007and 2008 seasons. 

 

Month of Temperature (Cº ) Relative humidity (%) Evaporation 

growth Maximum Minimum Maximum Minimum (mm/day) 

First season (2007) 

May 35.2 17.7 75.0 20.0 6.7 

June 39.3 20.7 78.3 22.0 8.0 

July 38.9 21.8 79.8 20.0 7.2 

August 37.8 21.7 79.0 25.0 6.5 

September 34.3 20.5 77.7 30.0 5.5 

October 32.1 18.3 79.8 30.0 3.9 

Second season (2008) 

May 35.6 18.0 74.7 19.0 7.0 

June 39.4 22.0 79.0 20.0 7.8 

July 37.7 22.1 79.3 22.0 6.9 

August 38.6 22.2 78.7 27.0 6.0 

September 35.9 20.0 77.6 21.0 5.6 

October 31.5 17.2 78.1 26.0 4.9 
 

3. Nursery and seed rate per fed: 
The nursery seedlings preparation was well performed and fertilized with 

calcium super phosphate (15.5% P2O5) at the rate of 100 kg/fed before the first 
tillage. Nitrogen was added in the form of urea (46 % N) at the rate of 60 
kg/fed after the last harrowing and before land leveling, zinc sulphate at the 
rate of 10 kg/fed was added after paddling. Seed rates of 10 kg/fed as 
recommended for the Hybrid 2 (SK 2047 H) and 60 kg/fed for the 
conventional rice cultivar of Sakha104. Seeds were soaked in the running 
water for 24 hours and incubated for 48 hours there after, they were manually 
broadcasted. All other cultural practice for rice production were followed, 
cultivars were sown in separate nursery beds in the two growing seasons of 
2007 and 2008. The transplanting was carried out after 30 days from seedling, 
i.e., planting nurseries on 15 May, transplanting on 15 June and harvesting for 
the studied two growing seasons on 5 October.  

 

4. Water relations: 
In the two growing seasons of the current experiment and irrigation 

water at both the studied depths were measured by using a cut throat flume of 
(20×90 cm) according to Walker and Skogerbae (1987). Total water used 
(m

3
/fed), water saving (%), and grain yield per water unit (kg/ m

3
) were also 

measured. 
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5. Sampling and studied traits: 

Yield was determined at the end of the experiment from the central rows 
and furrows with 42 m

2
 for each plot. The outer rows or furrows of the plot 

sides were left as borders. Random plant samples were taken of each 
experimental unit to estimate the following characters: 
a. Growth characters, i.e., plant height.   
b. Yield and its component, i.e., panicle length, 1000-grain weight, grain and 
straw yields.  

 

6. Statistical analysis: 
The obtained results were statistically analyzed by using a technique of 

variance analysis (ANOVA) according to Snedecor and Cochran (1980) and 
the treatments were compared using L.S.D. at 0.05 level of probability. 

 

RESULTS AND DISCUSSION: 
 

I. Effect of transplanting methods (M) and water depths (D): 
a. Plant height: 

The data of plant height as affected by transplanting methods and 
irrigation water depths of two rice cultivars in the individual or combined 
seasons are shown in Table (4). The data indicate that highly significant 
differences existed among the planting methods, where the mean values in 
combined analysis for the plant heights were 100.30, 105.18 and 107.12 cm 
for M1, M2 and M3 treatments, respectively. The reduction in plant height 
could be attributed to reduction in cell turgid that causes reduction in cell 
enlargement, which in turn decreases shoots enlargement.  

Regarding irrigation water depths, it was clear that increasing water 
depth from 6 to 8 cm, significantly increased plant height in the individual or 
combined seasons. The tallest plants were found when rice plants were 
irrigated with a water depth of 8 cm. The results are in harmony with those 
obtained by El-Wehishy and Abdel Hafez (1998) and Zayed et al. (2007). 

As for rice cultivars, data in Table (3) indicated that plants of Hybrid 2 
(Sk 2047 H) were significantly taller than Sakha 104 cultivar in the individual 
or combined seasons. The corresponding values of plant heights were 107.1 
and 101.3 cm as averages of the two growing seasons, respectively. The 
superiority of Hybrid 2 cultivar may due to it is more vigorous in crop growth, 
more responsive to fertilizers and more adaptable to different crop 
environments as compared with conventional cultivar of Sakha 104 (Arafat, 
2007). Also, El-Hawary (2000), El-Khoby (2004) and Zayed et al. (2007) 
emphasized such differences to the genotypic variation exists between the two 
studied rice cultivars.  
b. Panicle length: 

Data in Table (4) showed the effect of planting methods and irrigation 
water depths of two rice cultivars on panicle length (cm) was significantly 
increased in cases of M2 and M3 treatments as compared to the traditional 
transplanting methods M1 as shown in both individual and combined seasons. 
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Table (3): Plant height (cm) as affected by planting methods and water depths 
for the two rice cultivars in two growing seasons (2007 & 2008) 

. 

Treatments 
1

st
 season 

2007 

2
nd

 season 

2008 
Combined 

Planting methods (M): 

M1: Traditional method. 100.96 c 99.64 c 100.30 c 

M2: Strips of furrows (60cm). 105.34 b 105.02 b 105.18 b 

M3: Strips of furrows (80cm). 107.38 a 106.86 a 107.12 a 

F-test ** ** ** 

Water depths(D): 

D1: 6 cm. 102.12 b 101.84 b 101.98 b 

D2: 8 cm. 107.00 a 101.84 b 101.98 b 

F-test ** ** ** 

Cultivars (C): 

C1: Hybrid 2 107.77 a 106.43 a 107.10 a 

C2: Sakha104 101.35 b 101.25 b 101.30 b 

F-test ** ** ** 

Interactions: 

M x D N.S. N.S. N.S. 

M x C N.S. N.S. * 

D x C * ** * 

M x D x C N.S. N.S. N.S. 

*, ** and N.S. medicate P <0.05, P <0.01 and not significant, respectively. Means designated 

by the same letter are insignificant differences at the 5 % level according to LSD-Test. 
 

This could be attributed to good utilization of light, where plants were 
arranged in two rows at furrow bottoms of 60 or 80 cm apart. Results indicate 
also that the greatest values of panicle length were recorded for M3 treatment 
followed by M2 one, with an insignificant difference in both individual and 
combined seasons. In general, the mean values of the panicle length in 
combined analysis were 19.56, 20.93 and 21.70 cm for M1, M2 and M3 
treatments, respectively. These results are in harmony with the obtained data 
of irrigation water depths, as it was clear that increasing water depth from 6 
cm (D1) to 8 cm (D2) led to a significantly increased in panicle length, where 
the corresponding value in the combined analysis were 19.98 and 21.48 cm, 
respectively. These findings are in agreement with those obtained by Biswas 
and Bhattacharyya (1987) and El-Hadidi (2002). 

Data indicated that the rice cultivars significantly varied in their panicle 
length in both individual and combined seasons (Table 4), where Hybrid 2 
gave the tallest panicles as compared with Sakha 104 cultivar. The superiority 
of Hybrid 2 could be attributed to its genetic constitution. Similar results were 
obtained by Abdel-Hameed (2002) and Zayed et al. (2007). The interactions 
between the studied factors have insignificant effects on panicle length either 
in either individual or combined seasons. 
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Table (4): Panicle length (cm) as affected by planting methods and water depths 
of two rice cultivars in two growing seasons (2007 & 2008). 

Treatments 
1

st
 season 

2007 

2
nd

 season 

2008 
Combined 

Planting methods (M): 

M1: Traditional method. 19.72 b 19.40 b 19.56 b 

M2: Strips of furrows (60cm). 21.05 a 20.81 a 20.93 a 

M3: Strips of furrows (80cm). 22.02 a 21.38 a 21.70 a 

F-test * * ** 

Water depths(D) : 

D1: 6 cm 20.24 b 19.72 b 19.98 b 

D2: 8 cm. 21.62 a 21.34 a 21.48 a 

F-test * ** ** 

Cultivars (C): 

C1: Hybrid 2 22.12 a 21.82 a 21.97 a 

C2: Sakha104 19.74 b 19.24 b 19.49 b 

F-test ** ** ** 

Interactions: 

M x D N.S. N.S. N.S. 

M x C N.S. N.S. N.S. 

D x C N.S. N.S. N.S. 

M x D x C N.S. N.S. N.S. 

*, ** and N.S. medicate P<0.05, P<0.01 and not significant, respectively. Means designated 

by the same letter are insignificant differences at the 5 % level according to LSD-Test. 

 

c. Weight of 1000 grain: 
Weight of 1000-grain as affected by planting methods, irrigation water 

depths and two rice cultivars in both individual and combined seasons is 
presented in Table (5). The averages of 1000 grain weight of rice were 26.13, 
28.71 and 29.25 gm for M1, M2 and M3 treatments, respectively. This could be 
attributed to good utilization of light and, where plants were arranged two 
rows at furrow bottoms which increasing fertilizers use efficiency (Atta, 
2005).  

Concerning irrigation water depths, it is clear that increasing water 
depths from 6 to 8 cm, significantly increased 1000 grain weight in both 
individual and combined seasons, with superiority for D2 treatment that gave 
the greatest value for this trait (29.53 gm) as compared with D1 (26.53 gm). 
However, decreasing water depth caused a depression in dry matter content of 
rice plants, and hence smaller grains were produced owing to relative less 
water and dry matter production (El-Refaee, 2002). According to data in 
Table (5), Sakha 104 cultivar exceeded significantly Hybrid 2 for this trait, 
where the mean values were 28.97 and 26.53 gm, respectively. Such 
differences could be attributed to genetic effect. Similar results were obtained 
by Arafat (2007) and Mohammed (2006). The interaction between 
transplanting methods, irrigation water depths and cultivars showed 
insignificant effect on 1000 grain weight in both seasons and their combined. 
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Table (5): 1000-grains weight (gm) as affected by planting methods  and water 
depths of two rice cultivars in two growing seasons (2007 & 2008). 

 

Treatments 
1

st
 season 

2007 

2
nd

 season 

2008 
Combined 

Planting methods (M): 

M1: Traditional method. 25.88 b 26.38b 26.13 b 

M2: Strips of furrows (60cm). 28.21 a 29.21 a 28.71 a 

M3: Strips of furrows (80cm). 28.74 a 29.76 a 29.25 a 

F-test ** ** ** 

Water depths(D) : 

D1: 6 cm 25.90 b 27.16 b 26.53 b 

D2: 8 cm. 29.32 a 29.74 a 29.53 a 

F-test ** ** ** 

Cultivars (C): 

C1: Hybrid 2 26.60 b 27.58 b 26.53 b 

C2: Sakha104 28.62 a 29.74 a 28.97 a 

F-test ** ** ** 

Interactions: 

M x D N.S. N.S. N.S. 

M x C N.S. N.S. N.S. 

D x C N.S. N.S. N.S. 

M x D x C N.S. N.S. N.S. 

*, ** and N.S. medicate P<0.05, P<0.01 and not significant, respectively. Means designated 

by the same letter are insignificant different at the 5 % level according to LSD-Test. 

 

d. Grain yield: 
Effect of transplanting methods and irrigation water depths as well as their 

interactions on grain yield of the two rice cultivars in both individual seasons 
and their combined is presented in Table (6). The obtained data indicated that 
M3 treatment produced the greatest grain yield (5.011 ton/ fed), followed by 
M2 (4.795 ton/ fed), with insignificant differences between them. Grain yield 
was exhibited pronounced increases for treatments of M2 and M3, where the 
corresponding relative increase percentages were 9.78 and 13.70 % over the 
control treatment of M1, respectively. These increases in grain yield for 
treatments of M2 and M3 may be attributed to the increase in the dry matter 
production, number of panicles m

-2
, number of filled grains/ panicle, panicle 

grain weight and 1000 grain weight. These results are in agreement with those 
obtained by Atta (2005).  

With respect to the impact of irrigation water depths, the data also 
revealed that, increasing water depths from 6 to 8 cm resulted in significantly 
increased for grain yield in both seasons and their combined analysis. 
However, grain yield values in combined analysis were 4.517 and 4.949 
ton/fed for D1 and D2 treatments, respectively. These findings are in agreement 
with those obtained by El-Kholy (2004). 
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Table (6): Grain yield (ton/fed) as affected by planting methods and water 
depths of two rice cultivars in two growing seasons (2007 & 2008). 

 

Treatments 
1

st
 season  

2007 

2
nd

 season  

2008 
Combined 

Planting methods (M): 

M1: Traditional method. 4.405 b 4.381 b 4.393 b 

M2: Strips of furrows (60cm). 4.835 a 4.755 a 4.795 a 

M3: Strips of furrows (80cm). 5.058 a 4.964 a 5.011 a 

F-test ** ** ** 

Water depths(D) : 

D1: 6 cm  4.550 b 4.484 b 4.517 b 

D2: 8 cm. 4.982 a 4.916 a 4.949 a 

F-test ** ** ** 

Cultivars (C): 

C1: Hybrid 2 5.272 a 5.266 a 5.269 a 

C2: Sakha104 4.260 b 4.134 b 4.197 b 

F-test ** ** ** 

Interactions: 

M x D N.S. N.S. N.S. 

M x C N.S. N.S. N.S. 

D x C N.S. N.S. * 

M x D x C N.S. N.S. N.S. 

*, ** and N.S. medicate P<0.05, P<0.01 and not significant, respectively. Means designated 

by the same letter are insignificant different at the 5 % level according to LSD-Test. 

 

The analysis of variance in Table (6) showed that the differences were 
significant between the two rice cultivars for grain yield in both seasons and 
their combined. In this respect, Hybrid 2 cultivar recorded the greatest grain 
yield with a significant difference than Sakha 104 cultivar. The corresponding 
mean values were 5.269 and 4.197 ton/fed in combined analysis, respectively. 
Such differences could be attributed to yield components, i.e., number of 
panicles/m

2
, number of filled grains, panicle grain weight as well as genetic 

effect. These findings are in agreement with those reported by El-Kholy 
(2004) and Zayed et al. (2007). Concerning the interaction, there are 
insignificant differences, except for the interaction between rice cultivars and 
irrigation water depths (D x C) which had a significant effect on grain yield in 
the combined only (Table 6). 
e. Straw yield: 

Effect of transplanting methods and irrigation water depths as well their 
interactions on straw yield of the two rice cultivars in both seasons and their 
combined is presented in Table (7). The obtained data indicated that straw 
yield was significantly influenced by transplanting methods in both seasons 
their and combined. M3 treatment produced the greatest straw yield (6.550 
ton/fed), followed by M2 treatment (6.220 ton/fed), with insignificant 
difference between them. These results could mainly attributed to the 
improvement of vegetative growth for treatment M3 and M2 due to increasing 
plant height, number of tillers and dry matter production.  

Regarding the effect of irrigation water depths, data in  
Table (7), indicated also that a highly significant effect on rice straw yield in 
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both growing seasons and their combined. This beneficial effect is more 
attributed to the pronounced increases in plant height and number of tillers/m

2
. 

A similar trend was obtained by Biswas and Bahattacharye (1987), El- 
Hadidi et al. (2002) and Zayed et al. (2007). 

  
Table (7): Straw yield (ton/fed) as affected by planting methods and water 

depths of two rice cultivars in two growing seasons (2007 & 2008). 
 

Treatments 
1

st
 season 

2007 

2
nd

 season 

2008 
Combined 

Planting methods (M): 

M1: Traditional method. 5.855 c 5.907 b 5.858 b 

M2: Strips of furrows (60cm). 6.305 b 6.135 b 6.220 a 

M3: Strips of furrows (80cm). 6.590 a 6.522 a 6.550 a 

F-test ** ** ** 

Water depths(D) : 

D1: 6 cm 6.080 b 5.996 b 6.380 b 

D2: 8 cm 6.438 a 6.449 a 6.443 a 

F-test * ** ** 

Cultivars (C): 

C1: Hybrid 2 6.888 a 6.964 a 6.926 a 

C2: Sakha104 5.612 b 5.412 b 5.512 b 

F-test ** ** ** 

Interactions: 

M x D N.S. N.S. N.S. 

M x C N.S. N.S. N.S. 

D x C N.S. ** N.S. 

M x D x C N.S. N.S. N.S. 

*, ** and N.S. medicate P<0.05, P<0.01 and not significant, respectively. Means designated 

by the same letter are insignificant different at the 5 % level according to LSD-Test. 

 

Data in Table (7) showed that there was a significant difference between 
the effect of two rice cultivars on straw yield/fed in both seasons and their 
combined. The mean values were 6.926 and 5.512 ton/fed for Hybride 2 and 
Sakha 104 cultivars, respectively. The superiority of Hybride 2 cultivar in 
straw yield may be due to the increase in number of tillers/m

2
, dry matter 

production as well as genetic effect. These results are satisfactorily consistent 
with those of Arfat (2007), El-Kholy (2004), Mohammed (2006) and Zayed 
et al. (2007). 
 
f. Saving water: 

Data presented in Tables (8 and 9) showed that the amount of water 
saved (m

3
/fed or percent) are s significantly affected by the applied 

transplanting methods and water depths of the two rice cultivars during the 
two studied seasons and overall average. Data of over both seasons indicate 
that applied both M2 and M3 treatments resulted in saving water amounts 
reached 1890 (30.15 %) and 2136 m

3
 fed

-1
 (34.06 %) as compared with M1 

treatment, respectively. This could be attributed to irrigation water was added 
to furrow bottoms (tapes), which were less in the treatment of M3 than those in 



Hamdy M. Nasr, et al.                                                                                       12 

Fayoum J. Agric. Res. & Dev., Vol.24, No.2, July, 2010 

M2 treatment, and consequently saving water for M3 was more higher than M2. 
These findings are in accordance with that reported by Atta (2005).  

 

Table (8): Water saved (m
3
/fed) as affected by planting methods and water depths of 

two rice cultivars in 2007and 2008 seasons and overall average. 
 

Treatments 2007 2008 Average 
Overall 

average 
Planting 

methods(M) 

Irrigation 

depths (D) 

Sakha 

104 
Hybrid 2 

Sakha 

104 
Hybrid 2 

Sakha 

104 
Hybrid 2 

M2 

D1 2015 2104 1843 2178 1929 2141 2035.5 

D2 1862 1964 1840 2082 1851 2023 1937.0 

Mean 1938.5 2034 1841.5 2130 1890 2082 1986.0 

M3 

D1 2168 2344 2154 2386 2161 2365 2263.0 

D2 2125 2263 2097 2359 2111 2311 2111.0 

Mean 2146.5 2303.5 2125.5 2372.5 2136 2338 2237.0 

 
Table (9) Water saved (%) as affected by planting methods and water depths of two 

rice cultivars in 2007and 2008 seasons and overall average. 
 

Treatments 2007 2008 Averages 
Overall 

average 
Planting 

methods (M) 
Irrigation 

depths (D) 

Sakha 

104 
Hybrid 2 

Sakha 

104 
Hybrid 2 

Sakha 

104 
Hybrid 2 

 
M2 

D1 32.95 32.88 30.08 33.45 31.51 33.17 32.34 

D2 29.15 29.90 28.42 30.86 28.78 30.38 29.58 

Mean 31.05 31.39 29.25 32.16 30.15 31.77 30.96 

 
M3 

D1 35.45 36.64 35.16 36.64 35.30 36.64 35.97 

D2 33.27 34.45 32.39 34.96 32.83 34.71 33.77 

Mean 34.36 35.54 33.78 35.80 34.06 35.67 34.87 

 

Also, the obtained data indicated that irrigation water depth was a highly 
affect saving water, where the greatest value the greatest value of water saved 
(2263 m

3
 fed

-1 
≈ 35.97 % as an average of two growing seasons) was found 

under irrigation water depth of 6 cm (D1). Regarding the impact of rice 
cultivars, Hybrid 2 recorded a greatest value of saving water (2365 m

3 
fed

-1 
≈

 

36.64 % as an average of two growing seasons) as compared to Sakha 104, 
which recorded saving water value of 2161 m

3
fed ≈ 33.54% as average of two 

growing seasons. Such differences could be attributed to decreasing nursery 
area of Hybrid 2, and consequently less water added before treatments 
although Hybrid2 was long duration (140 days) than Sakha 104 cultivar (135 
days). Thus, it is recommended by applying the transplanting of rice seedlings 
(Hybrid 2 cv.) on strips at 80 cm apart, with a submerged irrigation water 
depth of 8 cm to maximize both grain and straw yields vs saving irrigation 
water and increasing unit productivity of either soil or water from rice yield.  
g. Grain yield productivity per water unit: 

Grain yield productivity per water unit (kg/m
3
) as affected by 

transplanting methods and irrigation water depths for the two rice cultivars in 
both studied seasons and their means are shown in Table (10). Over both two 
seasons, the obtained data showed that the values of grain yield per water unit 
were 0.67, 1.04 and 1.14 kg/m

3
 for M1, M2 and M3 treatments, respectively. It 

is noteworthy to mention that although M3 treatment was received a relatively 



MAXIMIZING IRRIGATION WATER USE EFFICIENCY AND……..      13 

Fayoum J. Agric. Res. & Dev., Vol.24, No.2, July, 2010 

less amount of irrigation water than other treatments, yet it gave the greatest 
value of grain yield per water unit. Also, data in Table (10) showed that 
irrigation water depth was a highly effect on grain yield productivity per water 
unit during the two growing seasons, with a greatest value (0.97 kg/m

3
) was 

found under irrigation water depth of 8 cm (D2) as compared to D1 (0.93 kg/ 
m

3
). 

 

Table (10): Yield productivity per water unit as affected by transplanting methods 
and water depths for the two rice cultivars in 2007 and 2008 seasons. 

 

Treatments 2007 2008 Average 
Overall 

average 
Planting 

methods (M) 

Irrigation 

depths (D) 

Sakha 

104 
Hybrid 2 

Sakha 

104 
Hybrid 2 

Sakha 

104 
Hybrid 2 

M1 

D1 0.62 0.71 0.59 0.67 0.61 0.69 0.65 

D2 0.65 0.72 0.61 0.72 0.63 0.72 0.68 

Mean 0.64 0.72 0.60 0.70 0.62 0.71 0.67 

M2 

D1 0.98 1.04 1.00 1.05 0.99 1.05 1.02 

D2 1.01 1.08 1.02 1.11 1.02 1.10 1.06 

Mean 0.99 1.06 1.01 1.08 1.01 1.08 1.04 

M3 

D1 1.06 1.18 1.09 1.16 1.08 1.17 1.12 

D2 1.10 1.25 1.11 1.19 1.11 1.22 1.16 

Mean 1.08 1.22 1.10 1.18 1.10 1.20 1.14 

Overall 

average 

D1 0.93 

D2 0.97 

 

CONCLUSION AND RECOMMENDATIONS: 
 From the previous results it could be concluded that: 

a. Over two growing seasons under study, the mean values for plant height, 
panicle length, 1000 grain weight, grain or straw yield and grain yield 
productivity per water unit are higher for transplanting method of M3 
furrow strips at 80 apart, followed by strip of furrows at 60 cm as 
compared with the traditional transplanting method. 

b. A similar trend was obtained for irrigation water depth of 8 cm, followed by 
6 cm.  

c. The greatest mean values for the pervious characters were obtained from 
rice Hybrid 2 cultivar, followed by Sakha 104 cultivar. 

So, it is noteworthy to mention that developing the rice variety are 
necessary for saving water, increasing rice yield and contributing to living 
environmental protection. Also, saving irrigation water due to applying furrow 
strips method does not reduce the rice yield. 
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  جديدةطريقة تطبيق تعظيم  كفاءة استخدام مياه الرى وإنتاجية الأرز ب

  جيدة لمياه الرى إدارةو لزراعة الشتلات
 

 ، عماد فوزى مصطفى***يسرى ابراهيم عطا، صلاح الدين الامير، حمدى محمد نصر
 مصر - جيزة –جامعة القاهرة  - كلية الزراعة -قسم الاراضى 

 مصر - القناطر الخيرية - الرىعهد بحوث المياة وطرق م*

 مصر – دارة التوجية المائى بالفيومإ - زارة الموارد المائية والرىو**
 

 هرا، حيرث هنرأ هك رالصريفية مر  ههرم الحاصرال الئيائيرة  (Oryza sativa. L)الأرزيعتبرر 
المصريي   فائدة م  الوجهة الإقتصادية فى مصر. بالإضافة إلى هنأ ليس فقط مصدر  ابل لئياء معظم

لترتير  الحاصرال  الحررة فرى ظرل السياسرة مر  ههرم الحاصرال التصرديرية لمصرر  بل هيضرا هصرب 
لهيه الأسبا  تزداد المساحة المنزرعة هرز سنويا بالرغم م  هنأ هك رر الحاصرال الحقليرة الزراعية. و

دليرل تروفير تحرل ظررو   .سوءا م  حيرث كفراءة إسرتخدام الميراه لنمروه تحرل ظررو  الئمرر المسرتمر
اه الررى ميرلخدمرة طريقة شتل ولأفضل خاصة ههمية ناك المياه وتحقيق كفاءة عالية لإستخدامها، فا  ه
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وم   م فرا  على إمتداد حقل الأرز. ها توزيعإنتظام م  خال فاءة إستخدام المياه لنباتال الأرز ك لرفع
 حقل الأرز. المشكلة تكم  فى كي  يتم توزيع مياه الرى بانتظام على إمتداد

متتراليي  لعرامى  خال موسرمي  صريفي ة حقلية جريل تجربهحل مفيد لهيه المشكلة، ولتحقيق 
مركررز بالخاصررة  مررزار اليلررك بدحرردى  و، ىرملرر ىطينرر ىطميرريال قرروام  علررى هر  7002، 7002
 لرىالأرز )الشرتل ع نباترال لشرتل ترث ير تطبيرق طريقرة جديردة مصر لتقيريم  - محافظة الفيوم - سنورس

الأرضرية، حيرث ترم -على محصرول الأرز ومكوناترأ، وكريلك بعر  العاقرال المائيرةطوط( شرائ  الخ
سررم  30مسررافال وبالخطرروط علررى شرررائ  ( 401، سررخا 7زراعررة شررتال صررنفي  مرر  الأرز )هجرري  

(M2) ،20  سم(M3)  مقارنة بطريقة الشتل العادية(M1)  هى الشتل على هر  مسطحة، تحل عمرق
 .(D2)سم  2، (D1)سم  3يقدر بـ م  مياه رى 

سرة، مر  ودرمبري  طررق الشرتل ال يرةق معنوووتشير النتائج المتحصل عليها إلى ه  هناك فرر
حبررة، محصررولى  4000خررال قياسررال النمررو )طررول النبررال( ومحصررول الأرز )طررول الداليررة، وز  

ريرق متوسرط القريم لأطروال النباترال والترى إحصرائيا عر  ط ، حيث تثكدل هيه الفرروقالحبو  والقش(
على التوالى. بالإضافة  M1, M2 and M3سم بالنسبة لطرق  402.47، 402.42، 400.00 سجلل

، الررى يراهق ماعمرهإلى ه  هطوال نباتال الأرز قد ترث رل معنويرا بكرل مر  هصرنا  الأرز المنزرعرة و
مقارنرة بصرن   7لررى لصرن  هجري  سرم مر  ميراه ا 2سم عند عمق  402.0حيث سجل طول النبال 

 سم كمتوسط للموسمي  الزراعيي .  404.0واليى سجل طول  401ا خس
وتوض  النترائج هيضرا ه  هنراك زيرادة معنويرة فرى طرول الداليرة نتيجرة لتطبيرق طريقرة الشرتل 

سرم  74.24، 70.50، 45.23هى  Combined analysisالجديدة، حيث كا  متوسط القيم فى حالة 
مقارنرة  7سم مر  ميراه الررى مرع صرن  هجري   2، وبثفضلية لعمق M1, M2 and M3لطرق بالنسبة 
، 72.24 ،73.40متوسررط القرريم المقابلررة كررا  هيضررا . وعلررى الترروالى 401سررم لصررن  سررخا  3بعمررق 
سررم مرر  ميرراه الرررى علررى  2، 3جررم لعمررق 75.20، 73.20وكرريا  حبررة، 4000جررم لرروز  الررـ  75.72
ث ر محصول حبو  الأرز بنرو  الصرن ، طريقرة الشرتل، وعمرق ميراه الررى، وبالنسبة لمدى تالتوالى. 

، 2.735كررا   (Combined analysis)فررى حالررة فررا  النتررائج تشررير إلررى ه  متوسررط القرريم إحصررائيا 
 M2الشتل ، بزيادة مئوية نسبية كنتيجة لتطبيق طريقتى 401، سخا 7صنفى هجي  لط /فدا   1.452

and M3  معاملة المقارنرة  فوق ٪40.20، 5.22وصلل إلىM1  علرى التروالى. وهيضرا متوسرط القريم
. سرم علرى التروالى 2، 3ط /فدا  لعمقى مياه الرى  1.515، 1.242 سجل المقابلة لمحصول الحبو 

كما وه  محصول قش الأرز قد هخي إتجاها مشابها لمحصرول الحبرو ، حيرث سرجل زيرادة معنويرة فرى 
 تحليررلالسررم سررواء فررى  2علررى خطرروط، وعنررد عمررق ميرراه رى ، وطريقررة الشررتل 7حالررة صررن  هجرري  

 هو المشترك. ةلمواسم المنفردل الإحصائى
 M2على مسرتوى موسرمى الزراعرة، ه  طريقترى الشرتل وقد هظهرل النتائج المتحصل عليها

and M3 فردا  0م 7403(، ٪ 00.42) 4250إلرى  لقد نتج عنهما توفير فى كيال ميراه الررى وصرل/
علررى الترروالى. كمررا توضرر  النتررائج هيضررا ه  هنرراك تررا ير  M1رنررة بمعاملررة الكنترررول ( مقا٪ 01.03)

 7730سرم ) 3سرجلل هعلرى قيمرة عنرد عمرق حيرث ، التروفير فرى ميراه الررىميراه علرى المعنوى لعمرق 
 ، فرا ة  الأرز المنزرعراصرنه. وبالنسبة لتث ير كمتوسط للموسميي  الزراعيي ( ٪ 02.52 ≈/فدا  0م

كمتوسرط للموسرميي   ٪03.31 ≈/فردا  0م 7032د سرجل هعلرى قيمرة لتروفير الميراه )ق 7هجي   صن 
كمتوسرط للموسرميي   ٪00.21 ≈/فردا  0م 7434والريى سرجل  401الزراعيي ( مقارنة بصن  سخا 

فرر  )الشررتل  M3مررع معاملررة الزراعررة  7يوصررى بزراعررة الصررن  هرز هجرري  فانررأ وعليررأ الررزراعيي . 
سم للحصول على هعلى إنتاجيرة للقرش والحبرو   2سم وعمق مياه رى  20 على هبعادشرائ  الخطوط 

 وحدة المياه.ل محصول الحبو  مع التوفير فى مياه الرى وزيادة إنتاجية
 


