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ABSTRACT 
 

Two field experiments were conducted at El-Bustan region (EL-Behaira 
Governorate) in 1998/1999 and 1999/2000 seasons to evaluate three new wheat 
genotypes of bread wheat (Triticum aestivum, L.)  namely;  Gemmeiza 5,Sakha 93 
and Giza 168 compared to the two commercial cultivars Sakha 69 and Sids 1 in the 
sandy soils at three different nitrogen rates (72, 144 and 216 kg N/ha) with four 
sprinkler irrigation treatments viz., irrigation at 7-day intervals throughout the growing 
season + increasing the intervals from 7 to 14 days only at either of the three stages 
of crop growth i.e., from planting to booting, from booting to milk stage and from milk 
stage to maturity.  

Obtained results indicated that irrigation every seven days through the season 
resulted in the highest grain yield from all tested genotypes. Elongating the interval of 
irrigation from 7 to 14 days at any of the three growth stages resulted in significant 
reductions estimated by 19.6, 13.4 and 9.8%, respectively, indicating that the first 
stage from planting to booting was the most sensitive period for water stress. Yield 
components; number of spikes/m², number of kernels/spike and 1000-kernel weight 
were also depressed by elongating the irrigation intervals with reductions being more 
at the first stage.  

Grain yield and yield components of the different genotypes were significantly 
increased with each successive level of nitrogen application. In addition, differences in 
grain yield among the tested genotypes were significant. Gemmeiza 5 gave the 
highest grain yield (5.81 t/ha) but was not significantly different from that produced by 
Sakha 93.  Giza 168 and Sids1 were next to follow whereas, Sakha 69 gave the 
lowest grain yield (4.61 t/ha).The interactions between the different treatments  were 
significant and the highest yields were produced from cultivars Gemmeiza 5 and Sids 
1 irrigated  every 7 days throughout the season and fertilized  with  216 kgN/ha.  

In addition, substantial difference among the genotypes in their response to 
increasing N fertilizer level was observed. Grain yield response index (GYRI) was 
highest for cultivar Gemmeiza 5 and lowest for Sakha69. Furthermore,  GYRI  and 
water-use efficiency(WUE) were highest when the shortest irrigation interval of 7 days 
was followed at both the first and the second growth stages and were declined with 
elongating the intervals at either one of them, particularly in the first stage. Likewise, 
WUE significantly increased with increasing N application.  

Moreover, significant genotypic variation for WUE was obtained and  the highest  
values were achieved  from the high-yielding genotypes.         

 In conclusion, the new cultivars; Gemmeiza 5 followed by Sakha 93 and Giza168 
along with the commercial cultivar Sids 1 are highly recommended to be grown in the 
sandy soil of new reclaimed area of El-Bustan  region (El-Behaira Governorate) and 
for maximum yield, irrigation should be practiced every 7 days and N fertilizer should 
be applied at a rate of 216 kgN/ha. 
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INTRODUCTION 
 
Extensive studies on fertilizing and irrigating wheat (Triticum aestivum, L.)  

revealed that both applied N and water are required for substantial yield  
increases from either variable .For the most efficient use of both of them, the 
supply of one should be adjusted to that of the other. Mishra et al. 
(1998)reported that plant biomass increased with increasing N rate and 
irrigation frequency. Also, Singh and Srivastava (1996),Oweis et al. (1998) 
and Ehdaie et al. (1999) reported that wheat yield increased by nitrogen 
application and that the response to N varied with the different genotypes. 
Meanwhile, Eck (1988), Singh et al. (1996), Garabet et al. (1998) and Oweis 
et al. (1998) observed increases in yield response to applied N proportional to 
available soil moisture, whereas Nielsen and Halvorson (1991), Sharma et al. 
(1992) and Sharma and Acharya (1996) showed that sensitivity of wheat 
grain yield to water uptake was higher at higher N application rates. Also, 
Ismail and Shehab-El-Din (1992) reported that wheat response to applied 
water depends on the nitrogen fertilization level.. 

Nevertheless, there are periods of wheat life cycle during which more 
frequent irrigation is required (Slatyer, 1969). Rajki (1982) reported that 
spring wheat plants were extremely sensitive to water stress during tillering 
and ear formation stages. While, Sharma et al. (1992) found that the 
sensitivity factor for water uptake was higher at the reproductive stage than at 
the vegetative and maturation stages.  Farah (1986) showed that wheat grain 
yield was highest when irrigation intervals were shortened in all the three 
growth stages, while increasing the intervals during the second stage (from 
booting to milk stage) had a more adverse effect on yield . Ravichandran and 
Mungse (1997), also showed that flowering was the most sensitive growth 
stage to  moisture stress. Whereas, Hassan et al. (1987) reported that regular 
irrigation at 10- days interval produced the highest grain yield as well as 
number of spikes/m², while moisture stress during crown root initiation and 
jointing stages reduced the wheat grain yield and was also detrimental to 
spike number and number of kernels/spike . Eck (1988) also showed that 
under limited irrigation, preventing stress during tillering and jointing is the 
best strategy for yield sustainability. It was also indicated that number of 
seeds/m² was reduced by water stress with reduction being greater at tillering 
and jointing than at heading and grain filling stages. Mosaad et al. (1995) 
found that number of spikes/plant was decreased significantly with increasing 
water stress during the pre-heading stages. However, Ahmed (1993) and 
Ibrahim (1995) reported that wheat could tolerate long irrigation intervals up 
to 28 days during the vegetative growth stage, and that reasonable grain 
yields could be obtained if moisture stress is avoided by shorter intervals 
during the reproductive stages. 

In Egypt, there is lack of information about the most efficient combination 
of irrigation water and fertilizer on growth stages of wheat in  the new 
reclaimed areas. Therefore, this study was undertaken to find out the 
optimum schedule of watering in relation to N levels for obtaining higher   
grain yield of wheat in sandy soil. 
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MATERIALS AND METHODS 
 
A field experiment was conducted in 1998/1999 and repeated in 

1999/2000 wheat growing seasons in the new reclaimed area at El-Bustan 
region, Behaira Governorate to study the response of the following  bread 
wheat genotypes; the two commercial cultivars Sakha 69 and Sids1  and the 
three newly released cultivars Gemmeiza 5, Sakha 93 and Giza 168 to three 
different levels of N fertilization with four irrigation intervals. The N levels used 
were 72, 144 and 216 kg /ha and the four irrigation treatments are listed 
below as follows: 

Irrigation intervals (days) 
 Irrigation planting to booting to milking  
treatments booting stage milking stage to maturity 
 I-1 7 7 7 
 I-2 14 7 7 
 I-3 7 14 7 
 I-4 7 7 14 

 
The split-split block design with four replications was used. In this design   

irrigation treatments were assigned to the main blocks and nitrogen levels to 
the sub-plot, while the wheat genotypes occupied the sub-sub-plot. The plot 
size was 4.5 m². The soil of the experimental site is classified as sandy in 
texture, having low available nitrogen as well as phosphorus and organic 
matters with pH of 8.2 (Table 1). 

The preceding crop was maize in both seasons. During land preparation, 
72 kg P2O5/ha in the form of mono-ammonium phosphate (15% P2O5) and 57 
kg K2O as potassium sulphate (48% K2O) were broadcasted. Additional dose 
of 57 kg K2O/ha was applied at booting stage. Nitrogen fertilizer in the form of 
ammonium nitrate (33% N) was used. Planting dates were 20 Nov. 1998, and 
22 Nov. 1999 in rows spacing  15 cm  using 400 seeds/m².  

Fixed sprinkler irrigation system was used. After sowing, irrigation was 
taken place for 2 hrs/day in the first three days to ensure good emergence 
and plant stand. Afterwards, irrigation treatments were practiced and a 
measured amount of water was applied at each of subsequent irrigation. The 
wheat crop was harvested on May 1st, in each season. Yield attributing 
characters viz., number of spikes/m², number of kernels/spike and 1000 
kernel weight, were also investigated along with the grain yield. In addition, 
water use efficiency (WUE) was worked out as a ratio of produced grain yield 
(GY) to the total water applied according to Ehdaie and Waines, (1993). 
Grain yield response index (GYRI) was also calculated as outlined by Fageria 
and Barbosa Filho (1981): 
 Yield under high N – yield under low N 
GYRI =  ----------------------------------------------------------------------------------------------------------------------------------------------------- 
 High N – low N 

All obtained data were subjected to statistical analyses of variance for 
each season and to combined analysis for the two seasons  according to 
Steel and Torrie (1980),and treatment means were statistically compared 
using the test of least significant difference (LSD) . 
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Table 1: Soil analyses of the experimental sites. 
 Season 
 Analysis  

 1998/1999 1999/2000 

EC mmhos/cm 0.14 0.14 
pH 8.2 8.0 
ESP 2.52 2.50 
CaCO3 % 5.6 5.4 
OM % 0.5 0.5 
N (ppm) 16.3 16.0 
P (ppm) 15.0 16.0 
K (ppm) 87.7 89.0 
Sand % 89.4 89.0 
Silt % 1.1 1.2 
Clay % 9.5 9.8 

             Texture Sandy Sandy 

 

RESULTS AND DISCUSSION 
 
The combined analysis for the collected data in the two seasons showed 

no significant effect for season on all studied traits except number of 
kernels/spike. Therefore, the average of the two seasons for all studied 
characters will be discussed. 
 
Irrigation intervals 

The results revealed that grain yield of the different genotypes were 
significantly affected by irrigation treatments in both seasons. Combined 
analysis showed that irrigation at 7-days interval treatment (I-1) throughout 
the growing season gave significantly the highest average yield (6.12t/ha), 
while increasing the intervals of irrigation up to 14 days during the first stage; 
from planting to booting (I-2) caused the greatest grain yield reduction 
(19.6%) compared with treatment (I-1), indicating that this stage of crop 
growth was the most sensitive period for water stress (Tables 2 & 3). This 
could be expected since that period of growth coincides with the time of 
initiation of reproductive tillers and spikelet development.  

Moreover, Increasing the intervals  during the second stage from booting 
to milk stage (I-3) had a more adverse effect on yield than during the third 
stage from milk stage to maturity  (I-4). However, the differences between the 
two treatments were not significant in both seasons and combined analysis 
as well. Based on pooled data, the reductions were 13.4 and 9.8% for the two 
treatments, respectively as compared with treatment(I-1). This result was in 
agreement with the findings of Slatyer (1969), Rajki (1982), Farah (1986), 
Hassan et al. (1987) and Mishra et al. (1998). 
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Table (2): Grain yield and other agronomic traits of five wheat cultivars 
as affected by variation in  the irrigation intervals and N 
fertilization levels at El-Bustan region combined over 1998/1999 
and 1999/2000 growing seasons .  

 Treat. Grain yield Spikes Kernels 1000-kernel WUE 
  (t/ha) no./m²               no./spike         weight (gm)     (kg/ha/mm) 

Irrigation (I)* 
 I-1 6.12 470 49.2 50.9 13.0 
 I-2 4.92 387 44.1 47.0 12.0 
 I-3 5.30 432 46.2 48.7 12.3 
 I-4 5.52 442 46.3 48.0 13.1 
LSD at 0.05 level 0.28             26.7 1.8 1.6 0.7 

Nitrogen (N) 
 72 kg N/ha 4.85 388 42.4 45.6 11.2 
 144 kg N/ha 5.50 435 46.5 48.8 12.7 
 216 kg N/ha 6.04 475 50.5 51.6 14.0 
LSD at 0.05 level 0.08 7.7 1.0 0.7 0.2 

Cultivras (C) 
 Sids 1 5.58 437 48.2 49.2 12.9 
 Sakha 69 4.61 384 43.7 45.7 10.7 
 Sakha 93 5.70 454 44.4 50.9 13.2 
 Gemmeiza 5 5.81 449 48.5 49.8 13.4 
 Giza 168 5.62 439 47.5 47.7 13.0 
LSD at 0.05 level 0.14 13.9 1.2 1.1 0.3 

Interactions 
      season     NS NS * NS NS 
 I x N * * NS * * 
 I x C * * * * * 
 N x C NS NS * NS NS 
 I x N x C * NS * NS * 

* I-1 = Irrigated at 7-day intervals throughout the season, I-2, I-3 and I-4: increasing the 
intervals only at the first or the second or the third stage of crop growth, respectively. 
 

The direct depressive effects of increasing the intervals of irrigation at the 
different growth stages on the yield components could  explain the effect of 
this treatment on grain yield. For instance, number of spikes/m² was markedly 
reduced with increasing irrigation intervals from 7 to 14 days at the three 
growth stages; (I-2), (I-3) and (I-4), although, the difference between the two  
treatments (I-3) and (I-4) was not significant. These reductions were 
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Table 3: Grain yield of five wheat cultivars (t/ha) as affected by variation 
in the irrigation intervals and N fertilization levels  at El-Bustan 
region . 

Irri. N level Sids Sakha SakhaGemm. Giza Average Sids Sakha SakhaGemm.Giza Average 
Treat. Kg/ha 1 69 93 5 168  1 69 93 5 168 

 1998/1999 1999/2000 
I-1 72 5.72 5.06 5.58 6.01 5.84 5.64 5.25 4.39 5.33 5.32 5.78 5.21 
 144 5.96 5.78 6.72 7.25 6.27 6.40 5.72 4.75 5.44 6.80 6.41 5.82 
 216 6.88 6.44 6.81 7.91 6.68 6.95 7.46 5.18 6.51 7.19 7.07 6.68 
 Average 6.19 5.76 6.37 7.06 6.26 6.33 6.14 4.77 5.76 6.44 6.42 5.91 

I-2 72 4.15 4.76 4.51 4.34 4.10 4.37 3.86 3.61 4.57 5.09 4.74 4.37 
 144 5.12 4.67 5.00 4.67 5.33 4.96 4.71 4.00 5.76 6.00 4.93 5.08 
 216 5.64 4.51 5.60 5.74 5.14 5.33 5.09 4.14 5.88 6.33 5.52 5.39 
 Average 4.97 4.64 5.04 4.92 4.86 4.89 4.56 3.92 5.40 5.81 5.06 4.95 

I-3 72 5.43 4.27 5.12 4.78 5.29 4.98 4.73 3.07 4.93 5.55 4.45 4.55 
 144 5.97 4.77 5.69 5.24 5.48 5.43 5.64 3.27 5.21 6.19 5.62 5.19 
 216 6.20 5.26 6.32 5.76 5.46 5.80 6.14 4.11 6.29 6.31 6.41 5.85 
 Average 5.87 4.77 5.71 5.26 5.41 5.40 5.51 3.48 5.48 6.01 5.49 5.19 

I-4 72 5.55 4.41 5.52 4.57 4.82 4.97 5.02 3.54 5.09 4.62 5.33 4.72 
 144 5.76 5.31 6.40 5.94 5.22 5.73 5.54 4.54 5.69 5.07 5.96 5.36 
 216 6.11 5.94 6.41 6.42 6.31 6.24 6.14 4.89 6.31 6.40 6.79 6.11 
 Average 5.81 5.22 6.11 5.64 5.45 5.65 5.57 4.32 5.70 5.36 6.03 5.39 

 72 5.21 4.63 5.18 4.92 5.01 4.99 4.71 3.65 4.98 5.15 5.07 4.71 
 144 5.70 5.13 5.95 5.78 5.58 5.63 5.40 4.14 5.53 6.02 5.73 5.36 
 216 6.21 5.54 6.29 6.46 5.90 6.08 6.21 4.58 6.25 6.56 6.45 6.01 
 Average 5.71 5.10 5.81 5.72 5.50 5.57 5.44 4.12 5.58 5.91 5.75 5.36 

CV%  7.12      10.5     
LSD at 0.05 level for  
 Irrigation (I)  0.35 0.48 
 Nitrogen (N) 0.14 0.09 
 I x N NS 0.17 
 Cultivars (C) 0.16 0.22 
 I x C 0.32 0.45 
 N  x C 0.27 NS 
 I x C x N 0.55 NS 

 Combined GYRI 
I-1 72 5.48 4.73 5.45 5.67 5.81 5.43       
 144 5.84 5.26 6.08 7.02 6.34 6.11       
 216 7.17 5.81 6.66 7.55 6.88 6.81       
 Average 6.17 5.27 6.06 6.75 6.34 6.12 11.7 7.5 8.4 13.1 7.4 9.6 

I-2 72 4.00 4.19 4.54 4.72 4.42 4.37       
 144 4.92 4.33 5.38 5.34 5.13 5.02       
 216 5.37 4.32 5.74 6.03 5.33 5.36       
 Average 4.76 4.28 5.22 5.36 4.96 4.92 9.5 0.9 8.3 9.1 6.3 6.9 

I-3 72 5.08 3.67 5.02 5.16 4.87 4.76       
 144 5.81 4.02 5.45 5.71 5.55 5.31       
 216 6.17 4.68 6.30 6.03 5.93 5.83       
 Average 5.69 4.13 5.59 5.64 5.45 5.30 7.6 7.0 8.9 6.0 7.4 7.4 

I-4 72 5.29 3.97 5.31 4.59 5.07 4.84       
 144 5.65 4.92 6.04 5.01 5.59 5.54       
 216 6.13 5.42 6.34 6.41 6.55 6.17       
 Average 5.69 4.77 5.90 5.50 5.74 5.52 5.8 10.1 7.2 12.6 10.3 9.2 

 72 4.96 4.14 5.08 5.03 5.04 4.85       
 144 5.55 4.64 5.74 5.90 5.65 5.50       
 216 6.21 5.06 6.27 6.51 6.17 6.04       
 Average 5.58 4.61 5.70 5.81 5.62 5.46 8.7 6.4 8.3 10.3 7.8 8.3 

CV%  8.9           
LSD at 0.05 level for  
 Season (S) NS 
 Irrigation (I)  0.28  
 Nitrogen (N) 0.08  
 I x N 0.17  
 Cultivars (C) 0.14  
 I x C 0.27  
 N  x C NS  
 I x C x N 0.48    

I-1 = Irrigated at 7-days interval throughout the season, I-2, I-3 and I-4: increasing the 
intervals only at the first or the second or the third stage of crop growth, respectively. 
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estimated by 17.7, 8.1 and 6.0% for the three stages, respectively, comparing 
to that obtained at 7-day intervals  (I-1) which had significantly the highest 
average number of spikes/m² (Tables  2 & 3a). Logically, treatment (I-2) 
would have the reduced number of spikes due to plants being stressed during 
tillering, while treatments (I-3) and (I-4) had statistically similar spike numbers 
since irrigation intervals being the same during that period. This result was in 
harmony with the findings obtained by Hassan et al. (1987) and Mosaad et al. 
(1995).  

The same trend was observed with respect to number of kernels/spike. 
Increasing the intervals of irrigation at the different growth stages reduced 
kernel numbers in both years. Averaged over the two years data,        
treatments (I-3) and (I-4)  resulted in producing statistically similar numbers of 
kernels/spike with reductions being less than that from treatment (I-2) as         
compared to treatment (I-1)where the highest number of kernels was 
obtained (Tables 2 & 3b). These results are confirmed by those obtained by 
Hassan et al. (1987) and Eck (1988). 

Significant differences among the different irrigation treatments with 
respect to 1000-kernel weight were also indicated in both seasons. Regular 
irrigation at 7-day intervals throughout the season gave significantly the 
heaviest 1000-kernel weight. Elongation of irrigation intervals, at the first 
stage resulted in remarkable reduction in kernel weight comparing to the 
reduction caused by the water stress in the second or the third growth stage 
(Tables 2 & 3c). Similar results were obtained by Hassan et al. (1987). 
 
Nitrogen levels 

The mean grain yield of the different genotypes significantly increased 
with each successive level of N applied, as it was 4.85, 5.50 and 6.04 t/ha for 
the three N levels (72, 144 and 216 kg/ha), respectively. The grain yield 
increment was estimated by 13.4 and 9.8% for the two high nitrogen levels, 
respectively, (Tables 2 & 3). This might be attributed to increased values of 
yield components; number of spikes/m², number of kernels/spike and 1000-
kernel weight as indicated from Tables (2, 3-a, b and c.) 

The respective average increase for those characters due to the 
increased N levels were 12.1 & 9.2%; 9.7 &8.6 % and 7.0 & 5.7%, 
respectively. These findings are supported by the results of Eck (1988), 
Nielsen and Halvorson (1991), Shehab El-Din (1993), Mishra et al. (1998), 
Oweis et al. (1998) and Ehdaie et al. (1999). 

Substantial difference among the tested genotypes in their response to 
increasing N fertilizer levels was also observed. Gemmeiza 5 recorded the 
highest grain yield response index value (10.3), while Sakha 69 gave the 
lowest value (6.4) with increasing nitrogen level from 72 to 216 kg /ha,  (Table 
3). Singh and Srivastava (1996), Oweis et al. (1998)and Ehdaie et al..(1999) 
came to the same conclusion. 
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Table 3a: Means of number of spikes/m² of five wheat cultivars as 
affected by variation in the irrigation intervals and N 
fertilization levels at El-Bustan region. 

Irri. N level Sids Sakha SakhaGemm. Giza Average Sids Sakha SakhaGemm.Giza Average 
Treat. Kg/ha 1 69 93 5 168  1 69 93 5 168 

 1998/1999 1999/2000 
I-1 72 419 379 508 428 431 433 443 398 434 430 425 428 
 144 462 422 504 509 500 479 493 435 479 479 443 466 
 216 495 430 522 563 523 507 529 452 533 520 493 505 
 Average 459 410 511 500 485 473 488 429 482 479 454 466 

I-2 72 367 331 349 345 375 353 316 283 407 398 353 351 
 144 375 385 396 367 403 385 390 305 428 416 426 393 
 216 462 391 406 394 399 410 431 308 449 486 471 429 
 Average 401 369 383 369 392 383 379 299 428 433 417 391 

I-3 72 374 367 403 411 433 398 339 260 438 411 416 373 
 144 481 416 471 402 461 446 398 314 475 470 438 411 
 216 478 503 500 487 415 476 448 342 542 574 493 480 
 Average 444 428 458 433 436 440 395 305 485 485 449 424 

I-4 72 383 366 369 349 407 375 416 345 384 448 362 391 
 144 495 465 469 354 442 445 461 398 429 511 438 448 
 216 512 499 522 470 478 496 524 421 488 533 515 496 
 Average 463 443 453 391 442 439 467 388 434 497 438 445 

 72 386 361 407 384 411 390 378 321 416 424 389 386 
 144 453 422 460 408 452 439 436 363 453 469 437 431 
 216 487 456 487 478 454 472 483 381 503 528 493 478 
 Average 442 413 451 423 439 434 433 355 457 474 439 432 

CV%  8.5      13.7     
LSD at 0.05 level for  
 Irrigation (I)  18.6 54.4 
 Nitrogen (N) 10.8 11.1 
 I x N 21.8 NS 
 Cultivars (C) 14.7 23.6 
 I x C 29.4 47.3 
 N  x C 25.4 NS 
 I x C x N 50.1 NS 

 Combined 
I-1 72 431 389 471 433 428 430      
 144 477 429 491 494 472 473      
 216 512 441 527 541 509 506      
 Average 473 420 496 490 469 470      

I-2 72 341 307 378 372 364 352      
 144 383 345 412 391 415 389      
 216 446 349 427 440 435 420      
 Average 390 334 406 401 405 387      

I-3 72 357 314 421 411 424 385      
 144 439 365 473 436 450 433      
 216 463 422 521 530 454 478      
 Average 420 367 472 459 443 432      

I-4 72 399 355 376 398 384 383      
 144 478 432 449 433 440 446      
 216 518 460 505 502 496 496      
 Average 465 416 444 444 440 442      

 72 382 341 411 404 400 388      
 144 444 392 456 438 444 435      
 216 485 418 495 503 474 475      
 Average 437 384 454 449 439 433      

CV%  11.0          
LSD at 0.05 level for  
 Season (S) NS 
 Irrigation (I)  26.7  
 Nitrogen (N) 7.7  
 I x N 15.3  
 Cultivars (C) 13.9  
 I x C 27.9  
 N  x C NS  
 I x C x N NS    

I-1 = Irrigated at 7-day intervals throughout the season, I-2, I-3 and I-4: increasing the 
intervals only at the first or the second or the third stage of crop growth, respectively. 
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Table 3b. Means of number of kernels/spike of five wheat cultivars as affected 
by variation in the irrigation intervals and N fertilization levels at El-
Bustan region. 

Irri. N level Sids Sakha SakhaGemm. Giza Average Sids Sakha SakhaGemm.Giza Average 
Treat. Kg/ha 1 69 93 5 168  1 69 93 5 168 

 1998/1999 1999/2000 
I-1 72 46.8 48.0 49.2 42.3 37.8 44.8 44.8 48.0 41.5 42.8 47.0 44.8 
 144 45.0 47.1 49.5 48.3 48.6 47.7 48.0 49.3 46.0 47.8 55.3 49.3 
 216 55.5 48.0 51.9 59.1 54.6 53.8 53.5 52.5 50.3 55.8 61.0 53.6 
 Average 49.1 47.7 50.2 49.9 47.0 48.8 48.8 49.9 45.9 48.8 54.4 50.0 

I-2 72 45.0 39.0 43.5 44.4 45.0 43.4 41.5 30.0 39.0 39.0 40.0 37.9 
 144 52.2 39.6 49.5 51.6 45.0 47.6 46.5 30.8 42.5 41.3 46.8 41.6 
 216 52.2 41.1 48.0 53.1 46.8 48.2 51.0 34.3 48.8 45.3 55.0 46.9 
 Average 49.8 39.9 47.0 49.7 45.6 46.4 46.3 31.8 43.4 41.8 47.3 42.1 

I-3 72 46.5 45.6 39.6 48.0 43.8 44.7 42.3 38.5 38.8 44.8 39.5 40.8 
 144 48.9 45.6 42.0 54.6 43.8 47.0 49.0 43.8 41.5 49.0 49.3 46.1 
 216 48.0 49.5 43.8 52.8 43.5 47.5 53.3 46.5 51.0 53.3 50.5 50.9 
 Average 47.8 46.9 41.8 51.8 43.7 46.4 48.2 42.9 43.8 49.0 45.8 45.9 

I-4 72 41.4 42.6 42.6 45.0 41.4 42.6 44.0 40.5 33.5 39.8 43.0 40.2 
 144 42.6 49.5 46.8 54.0 46.8 47.9 45.5 44.3 37.5 47.5 51.3 45.2 
 216 60.6 48.3 46.2 55.2 54.3 52.9 52.0 45.8 43.5 49.5 53.0 48.8 
 Average 48.2 46.8 45.2 51.4 47.5 47.8 47.2 43.5 38.2 45.6 49.1 44.7 

 72 44.9 43.8 43.7 44.9 42.0 43.9 43.1 39.3 38.2 41.6 42.4 40.9 
 144 47.2 45.5 47.0 52.1 46.1 47.6 47.3 42.0 41.9 46.4 50.1 45.5 
 216 54.1 46.7 47.5 55.1 49.8 50.6 52.4 44.8 48.4 50.9 54.9 50.3 
 Average 48.7 45.3 46.1 50.7 46.0 47.4 47.6 42.0 42.8 46.3 49.1 45.6 

CV%  9.0      9.4     
LSD at 0.05 level for  
 Irrigation (I)  NS 3.2 
 Nitrogen (N) 1.1 0.7 
 I x N 2.2 NS 
 Cultivars (C) 1.3 1.7 
 I x C 2.6 3.4 
 N  x C 3.0 NS 
 I x C x N 5.8 NS 

 Combined 
I-1 72 45.8 48.0 45.4 42.5 42.4 44.8       
 144 46.5 48.2 47.8 48.0 51.2 48.5       
 216 54.5 50.3 51.1 57.4 57.8 54.2       
 Average 48.9 48.8 48.1 49.3 50.7 49.2       

I-2 72 43.3 34.5 41.3 41.7 42.5 40.6       
 144 49.4 35.2 46.0 46.4 45.9 44.6       
 216 51.6 37.7 48.4 49.2 50.9 47.5       
 Average 48.1 35.8 45.2 45.8 46.4 44.1       

I-3 72 44.4 42.1 39.2 46.4 41.7 42.7       
 144 49.0 44.7 41.8 51.8 45.5 46.5       
 216 50.6 48.0 47.4 53.0 47.0 49.2       
 Average 48.0 44.9 42.8 50.4 44.7 46.2       

I-4 72 42.7 41.6 38.1 42.4 42.2 41.4       
 144 44.1 46.9 42.2 50.8 49.0 46.6       
 216 56.3 47.0 44.9 52.4 53.7 50.8       
 Average 47.7 45.2 41.7 48.5 48.3 46.3       

 72 44.0 41.5 41.0 43.2 42.2 42.4       
 144 47.2 43.7 44.4 49.3 48.1 46.5       
 216 53.3 45.7 47.9 53.0 52.3 50.5       
 Average 48.2 43.7 44.4 48.5 47.5 46.4       

CV%  9.2           
LSD at 0.05 level for  
 Season (S) 0.06 
 Irrigation (I)  1.8  
 Nitrogen (N) 1.0  
 I x N NS  
 Cultivars (C) 1.2  
 I x C 2.4  
 N  x C 2.1  
 I x C x N 4.2    

I-1 = Irrigated at 7-days interval throughout the season, I-2, I-3 and I-4: increasing the 
intervals only at the first or the second or the third stage of crop growth, respectively. 
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Table 3c: Means of 1000-kernel weight (gm)  of five wheat cultivars as affected 
by variation in the irrigation intervals and N fertilization levels at El-
Bustan region. 

Irri. N level Sids Sakha SakhaGemm. Giza Average Sids Sakha SakhaGemm.Giza Average 
Treat. Kg/ha 1 69 93 5 168  1 69 93 5 168 

 1998/1999 1999/2000 
I-1 72 49.0 51.5 51.3 50.5 50.8 50.6 46.5 47.7 45.0 48.3 47.4 47.0 
 144 48.3 51.5 53.0 52.5 51.0 51.3 51.0 48.3 48.3 51.9 49.2 50.0 
 216 51.3 53.3 56.0 53.0 50.8 52.9 53.7 50.4 56.4 53.1 55.2 53.8 
 Average 49.5 52.1 53.4 52.0 50.8 51.6 50.4 48.8 49.9 51.1 50.6 50.2 

I-2 72 45.3 48.3 48.5 47.5 43.0 46.5 44.1 33.9 43.5 44.7 39.0 41.0 
 144 47.3 51.8 52.0 49.3 44.5 49.0 50.1 37.8 46.2 49.2 43.8 45.4 
 216 50.3 52.0 55.0 48.3 54.3 52.0 53.4 39.3 50.4 51.9 46.8 48.4 
 Average 47.6 50.7 51.8 48.3 47.3 49.1 49.2 37.0 46.7 48.6 43.2 44.9 

I-3 72 47.0 45.5 50.0 48.5 45.5 47.3 41.1 36.0 43.8 44.7 41.1 41.3 
 144 58.5 46.5 54.3 51.0 46.5 51.4 49.5 42.3 49.8 50.4 45.6 47.5 
 216 57.5 54.0 54.3 47.3 47.3 52.1 54.3 47.1 58.8 51.6 52.5 52.9 
 Average 54.3 48.7 52.8 48.9 46.4 50.2 48.3 41.8 50.8 48.9 46.4 47.2 

I-4 72 44.5 44.5 47.5 49.3 46.3 46.4 44.7 39.0 47.4 45.3 45.6 44.4 
 144 51.3 45.0 53.0 50.5 48.5 49.7 48.6 38.1 49.2 49.2 47.7 46.6 
 216 44.3 48.5 55.0 54.0 49.3 50.2 50.4 45.3 52.2 53.4 52.5 50.8 
 Average 46.7 46.0 51.8 51.3 48.0 48.8 47.9 40.8 49.6 49.3 48.6 47.2 

 72 46.4 47.4 49.3 48.9 46.4 47.7 44.1 39.2 44.9 45.8 43.3 43.4 
 144 51.3 48.7 53.1 50.8 47.6 50.3 49.8 41.6 48.4 50.2 46.6 47.3 
 216 50.8 51.9 55.1 50.6 50.4 51.8 53.0 45.5 54.5 52.5 51.8 51.4 
 Average 49.5 49.4 52.5 50.1 48.1 50.0 49.0 42.1 49.3 49.5 47.2 47.4 

CV%  7.2      9.4     
LSD at 0.05 level for  
 Irrigation (I)  0.9 3.3 
 Nitrogen (N) 1.4 1.1 
 I x N 2.8 2.2 
 Cultivars (C) 1.1 1.8 
 I x C NS 3.6 
 N  x C NS NS 
 I x C x N 5.0 NS 

 Combined 
I-1 72 47.8 49.6 48.1 49.4 49.1 48.8       
 144 49.6 49.9 50.7 52.2 50.1 50.5       
 216 52.5 51.8 56.2 53.1 53.0 53.3       
 Average 50.0 50.4 51.7 51.6 50.7 50.9       

I-2 72 44.7 41.1 46.0 46.1 41.0 43.8       
 144 48.7 44.8 49.1 49.2 44.2 47.2       
 216 51.8 45.7 52.7 50.1 50.5 50.2       
 Average 48.4 43.8 49.3 48.5 45.2 47.0       

I-3 72 44.1 40.8 46.9 46.6 43.3 44.3       
 144 54.0 44.4 52.0 50.7 46.1 49.4       
 216 55.9 50.6 56.5 49.4 49.9 52.5       
 Average 51.3 45.2 51.8 48.9 46.4 48.7       

I-4 72 44.6 41.8 47.5 47.3 45.9 45.4       
 144 49.9 41.6 51.1 49.9 48.1 48.1       
 216 47.3 46.9 53.6 53.7 50.9 50.5       
 Average 47.3 43.8 50.7 50.3 48.3 48.0       

 72 45.3 43.3 47.1 47.3 44.8 45.6       
 144 50.6 45.2 50.7 50.5 47.1 48.8       
 216 51.9 48.7 54.8 51.6 51.1 51.6       
 Average 49.2 45.7 50.9 49.8 47.7 48.7       

CV%  8.3           
LSD at 0.05 level for  
 Season (S) NS 
 Irrigation (I)  1.6  
 Nitrogen (N) 0.7  
 I x N 1.4  
 Cultivars (C) 1.1  
 I x C 2.3  
 N  x C NS  
 I x C x N NS    

I-1 = Irrigated at 7-days interval throughout the season, I-2, I-3 and I-4: increasing the 
intervals only at the first or the second or the third stage of crop growth, respectively. 
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Genotypes 
Significant differences in grain yield among the tested wheat 

genotypes were also observed. Gemmeiza 5 produced the highest grain yield 
(5.81 t/ha), being at par with Sakha 93 (5.70 t/ha) and was significantly more 
than the other genotypes, (Tables 2 & 3). This might be attributed to their 
higher values of number of spikes/m², kernels/spike and 1000-kernel weight.  
Giza 168 and Sids 1 ranked the third and fourth with a non-significant 
difference between their grain yields being 5.62 and 5.58 t/ha receptively.  
While, Sakha 69 produced the lowest grain yield,  (4.61t/ha)which might  be 
due to its lowest yield attributing characters; number of spikes/m², number of 
kernels/spike and 1000-kernel weight  as compared with the other genotypes  
Tables 2, 3-a, b and c.  

Concerning the significance of the interaction among the studied  
treatments (INC), the highest yields were achieved from cultivars Gemmeiza 
5 and Sids 1 by irrigation at 7-day intervals and fertilized with  216 kg N/ha. 
This result was in agreement with those obtained by Ahmed (1993), El-
Naggar (1997), Singh and Sharma (1997) and Singh et al. (1998). 

Regarding the grain yield response index (GYRI), the results showed 
that  the highest value (9.6) was obtained with the regular irrigation at 7-day 
intervals (I-1), whereas the lowest value of (6.9) was obtained with increasing 
the irrigation intervals during the first stage of crop growth  (I-2) . Treatments 
(I-1 and I-4) had almost equal values of GYRI as they were 9.6 and 9.2 for 
the two treatments, respectively, while that of treatment (I-3), was 7.4 (Table 
3). Garabet et al. (1998) found that nitrogen fertilizer use efficiency (NFUE) 
was highest before anthesis, and it was increased by higher rainfall and 
irrigation. This might explain the obtained results regarding the decline in 
GYRI values with increasing the irrigation intervals either at the first stage (I-
2) or at the second one( I-3), while the higher values were obtained with the 
treatments where the shortest intervals of 7 days were followed at both 
stages (I-1 and I-4). 
 
Water use efficiency 

The results revealed that water use efficiency (WUE) was influenced 
by the different treatments of irrigation intervals although the differences were 

not significant in the second season of the study. The highest WUE values 
were obtained when the shortest intervals was followed at the first two 
stages, while a significant reduction occurred with increasing the irrigation 
intervals at either one of them, more so at the first stage than at the second 
one (Table 4). The lowest WUE value was obtained from the treatment (I-2), 
which also resulted in the lowest grain yield. Similar results were also 
reported by Eck (1988) and Ahmed (1993). 
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Table 4: Water-use efficiency (kg/ha/mm) of five wheat cultivars as 
affected by variation in the irrigation intervals and N 
fertilization levels at El-Bustan region. 

Irri. N level Sids Sakha SakhaGemm. Giza Average Sids Sakha SakhaGemm.Giza Average 
Treat. Kg/ha 1 69 93 5 168  1 69 93 5 168 

 1998/1999 1999/2000 
I-1 72 12.2 10.8 11.9 12.8 12.4 12.0 11.2 9.3 11.3 11.3 12.3 11.1 
 144 12.7 12.3 14.3 15.4 13.3 13.6 12.2 10.1 11.6 14.5 13.6 12.4 
 216 14.6 13.7 14.5 16.8 14.2 14.8 15.9 11.0 13.8 15.3 15.0 14.2 
 Average 13.2 12.3 13.5 15.0 13.3 13.5 13.1 10.2 12.3 13.7 13.7 12.6 

I-2 72 10.1 11.6 11.0 10.6 10.0 10.7 9.4 8.8 11.2 12.4 11.6 10.7 
 144 12.5 11.4 12.2 11.4 13.0 12.1 11.5 9.8 14.1 14.6 12.0 12.4 
 216 13.8 11.0 13.7 14.0 12.5 13.0 12.4 10.1 14.3 15.4 13.5 13.2 
 Average 12.1 11.3 12.3 12.0 11.8 11.9 11.1 9.6 13.2 14.2 12.3 12.1 

I-3 72 12.6 9.9 11.9 11.1 12.3 11.6 11.0 7.1 11.5 12.9 10.3 10.6 
 144 13.9 11.1 13.2 12.2 12.7 12.6 13.1 7.6 12.1 14.4 13.1 12.1 
 216 14.4 12.2 14.7 13.4 12.7 13.5 14.3 9.6 14.6 14.7 14.9 13.6 
 Average 13.6 11.1 13.3 12.2 12.6 12.6 12.8 8.1 12.7 14.0 12.8 12.1 

I-4 72 13.2 10.5 13.2 10.9 11.5 11.8 12.0 8.4 12.1 11.0 12.7 11.2 
 144 13.7 12.6 15.2 14.1 12.4 13.6 13.2 10.8 13.5 12.1 14.2 12.8 
 216 14.5 14.1 15.3 15.3 15.0 14.9 14.6 11.7 15.0 15.2 16.2 14.5 
 Average 13.8 12.4 14.5 13.4 13.0 13.4 13.3 10.3 13.6 12.8 14.3 12.8 

 72 12.0 10.7 12.0 11.3 11.5 11.5 10.9 8.4 11.5 11.9 11.7 10.9 
 144 13.2 11.9 13.7 13.3 12.9 13.0 12.5 9.6 12.8 13.9 13.2 12.4 
 216 14.3 12.8 14.5 14.9 13.6 14.0 14.3 10.6 14.5 15.2 14.9 13.9 
 Average 13.2 11.8 13.4 13.2 12.7 12.8 12.6 9.5 12.9 13.7 13.3 12.4 

CV%  7.2      10.7     
LSD at 0.05 level for  
 Irrigation (I)  0.9 NS 
 Nitrogen (N) 0.3 0.20 
 I x N NS 0.40 
 Cultivars (C) 0.4 0.53 
 I x C 0.7 1.06 
 N  x C NS NS 
 I x C x N 1.3 NS 

 Combined 
I-1 72 11.7 10.1 11.6 12.1 12.4 11.5       
 144 12.4 11.2 12.9 14.9 13.4 13.0       
 216 15.3 12.4 12.2 16.1 14.6 14.5       
 Average 13.1 11.2 12.9 14.4 13.5 13.0       

I-2 72 9.8 10.2 11.1 11.5 10.8 10.7       
 144 12.0 10.6 13.1 13.0 12.5 12.2       
 216 13.1 10.5 14.0 14.7 13.0 13.1       
 Average 11.6 10.4 12.7 13.1 12.1 12.0       

I-3 72 11.8 8.5 11.7 12.0 11.3 11.1       
 144 13.5 9.4 12.7 13.3 12.9 12.3       
 216 14.4 10.9 14.7 14.0 13.8 13.5       
 Average 13.2 9.6 13.0 13.1 12.7 12.3       

I-4 72 12.6 9.5 12.6 10.9 12.1 11.5       
 144 13.5 11.7 14.4 13.1 13.3 13.2       
 216 14.6 12.9 15.1 15.3 15.6 14.7       
 Average 13.5 11.4 14.1 13.1 13.7 13.1       

 72 11.5 9.6 11.8 11.6 11.6 11.2       
 144 12.8 10.7 13.3 13.6 13.1 12.7       
 216 14.3 11.7 14.5 15.0 14.3 14.0       
 Average 12.9 10.7 13.2 13.4 13.0 12.6       

CV%  9.1           
LSD at 0.05 level for  
 Season (S) NS 
 Irrigation (I)  0.7  
 Nitrogen (N) 0.2  
 I x N 0.4  
 Cultivars (C) 0.3  
 I x C 0.6  
 N  x C NS  
 I x C x N 1.1    

I-1 = Irrigated at 7-days interval throughout the season, I-2, I-3 and I-4: increasing the 
intervals only at the first or the second or the third stage of crop growth, respectively. 
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Water-use efficiency of the different genotypes was significantly 
increased with increments of N-level in all irrigation treatments (Table 4). 
WUE was 11.2 and 14.0 kg/ha/mm for the lowest and highest N-levels, 
respectively. The increase in WUE due to nitrogen application was probably 
because nitrogen fertilization increase proportionately much more leaf area, 
and photosynthetic activity of plants than water loss. Similar results were 
obtained by Eck (1988), Nielsen and Halvorson (1991) and Singh et al. 
(1996). The results also showed that there was significant difference among 
the tested genotypes for WUE. Gemmeiza 5 recorded the highest WUE 
value, which was not significantly different from that obtained for Sakha 93. 
Moreover, Giza 168 and Sids 1 were statistically at par and were next to 
follow, whereas Sakha 69 gave the lowest WUE value (Table 4). Significant 
genotypic variation for WUE was also reported by Ahmed (1993), Ehdaie 
(1995) and Oweis et al. (1998). 

Based on these results, the new cultivars, Gemmeiza  5  followed by 
Sakha 93 and Giza 168 along with the commercial cultivar Sids 1 are highly 
recommended to be grown in the sandy soil of new reclaimed area of El-
Bustan region (El-Behaira Governorate) and for maximum, yield irrigation 
should be practiced every 7 days and N fertilizer should be applied at a rate 
of 216 kg N/ha. 
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نعاكييب عتقييييبعض ييتعاكتبااييياعاك باجيييةعاكمحيييحبعكقحييفعاكتضييتعتةيي ع تييبا عحتت  ييةعحيي
ع ح حلا عاكتسحيحعاكنتب ميينع ىعالأباضىعاكبح يةع.

عحةححعحةححعصاحقعإيحان

ميتبعع–باتعاكضة ثعاكتباعيةعحع-عاكحةاصيلعاكةق ية هحعضة ثعحع-اكضبناحجعاكق حىعكضة ثعاكقحفع
عحصبع-

 
   1998/1999راضىى اررمييىب بمقة ىب اربنىتان بمةافلىب اربةيىرم سىى  م نىمى  أقيمت تجربتان فى الأ 
 168 جيىهم  93 نىسا  5بهدف ت ييم ثىثب تراكيب  راثيب جديده مىن قمىا ارسبىه  جىى جميىهم  1999/2000

, 72تةىىت ثىثىىب منىىت يات مىىن ارتنىىميد  ارقيتر جيقىىى   1 نىىد   69بارم ارقىىب مىىل  ارنىىقتين ارتجىىاريين نىىسا 
ةىداجا أيام ة ا  م نم ارقم  فىى ا 7كجم/ن/جكتار(  أربل معامىت رتترات اررى  ذرك باررى ك   216, 144

ارىى ةى ر  ي ماً سى  أىّ من مراة  ارقم  ارتاريب عيىى ارترتيىب  جىى مىن ارهراعىب 14 هيادم فترات اررى ارى 
 ارةم ،  من ارةم  ارى ارة ر اريبقى،  من ارة ر اريبقى ةتى ارقضج .

كمىا  ,أشارت قتائج اردرانب ارى  ج د تأثير معق ى رمعامىت اررى عيى مةنى   ارةبى ب  مك قاتى    ر د
ل ارتراكيىب أيام سى  م نم ارقم  قد أعةى أعيى مةن   رجمي 7تبين بارتةيي  ارتجميعى ريبياقات أن اررى ك  
ذك رم قىد قىتج راة  ارقمى  ارىثىا ارمىي ماً فى أىّ من م 14ارى  7ار راثيب ارمستبرم  أن إةارب فترات اررى من 

 % رتيىك ارمراةى  عيىى ارترتيىب بمىا 9.8,  13.4,  19.6عق  ق ص معق ى فى مةن   ارةب ب  ذرك بقنبب 
ب راً بإةارىيشير ارى أن  ارمرةيب الأ رى من مراة  قم  ارقبات   من ارهراعب ةتى ة ر ارةمى ( جىى الأكثىر تىأث

ن الأرىف , عدد ارةب ب / نقبيب   ه 2مك قات ارمةن     عدد ارنقاب  /مفترات اررى. كما تبين أيضا تقاقص 
 ةب  ( بإةارب فترات اررى  بقنبب أكبر فى ارمرةيب الأ رى .

دم كىىذرك أ ضىىةت ارقتىىائج هيىىادم معق يىىب فىىى مةنىى   ارةبىى ب  مك قاتىى  ارثىثىىب ر نىىقاف ارمستبىىرم بهيىىا
ارمةنى    ق يى  بىين تيىك الأنىقاف ارمستبىره بارقنىبب ركميىبمعدلات ارتنميد ارقيتر جيقى. كما كاقىت ارتىر م مع

ةن/جكتىىار(  ذرىىك بتىىرم معقىى ى عىىن ب يىىب الأنىىقاف  5.81أعيىىى مةنىى      5ةيىىا أعةىىى ارنىىقف جميىىهم 
أقى   69فى ةين أعةىى نىسا  1 ند   168ةيا رم يكن ارترم بيقهما معق ياً , يييهما جيهم  93بأنتثقاء نسا 
رىىك بتىىرم معقىى ى عىىن ب يىىب الأنىىقاف , كمىىا كىىان ارتتاعىى  بىىين ارمعىىامىت ةن/جكتىىار(  ذ 4.61مةنىى     

رقمى  أيام سىى  م نىم ا 7أعيى مةن    ذرك باررى ك   1 ند   5ارمستيتب معق ياً  قد ة ق ارنقف جميهم 
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مستبىىرم فىىى انىىتجابتها رهيىىادم كمىىا أشىىارت اردرانىىب ارىىى  جىى د فىىر م ج جريىىب بىىين ارتراكيىىب ار راثيىىب ار 
ف نىسا بيقما كان ارنىق  (GYRI)أعيى معام  انتجابب 5معدلات ارتنميد ارقيتر جيقى،  قد ة ق ارنقف جميهم 

 (WUE)ميىاه,  كتىاءم انىتسدام ار  (GYRI)أقيها فى ذرك . كما تبين إرتتاع ك  مىن معامى  اتنىتجابب ريتنىميد 69
ك رم ( سىىىى  ارمىىىرةيتين الأ رىىىى  ارثاقيىىىب مىىىن مراةىىى  قم ارقبىىىات ارمىىىذأيىىىام 7باتبىىىاع فتىىىرم ارىىىرى ار نىىىيرم   

ذرك  أقستاضىىهما بإةارىىب فتىىرم ارىىرى سىىى  إىّ مىىن تيىىك ارمىىرةيتين  عيىىى الأسىىص سىىى  ارمرةيىىب الأ رىىى .  كىى
 جيقىى  ارىى بهيىادم معىدلات ارتنىميد ارقيتر (WUE)ارىرى   اشارت ارقتائج أيضاً ارى إرتتىاع كتىاءم انىتسدام ميىاه

تراكيىب جىا تيىك ارج د فر م معق يب بين ارتراكيب ار راثيب ارمستبرم بارقنبب ركتاءم انتسدام ارمياه.  كاقىت اعى 
 ار راثيب ذات أعيى مةن  .

 بذرك ي نى ر راضى اررمييب فىى ارمقىاةق ارمنتنىيةب بمقة ىب اربنىتان فىى مةافلىب اربةيىرم بهراعىب  
 أيىام ةى ا  7مىل ارىرى كى   1 كذا ارنقف ارتجارى نىد   168 جيهم  93 نسا  5الأنقاف ارجديدم جميهم 

 كجم ن/جكتار ريةن   عيى أعيى مةن   مقها. 216م نم ارقم   بمعد  تنميد 


