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ABSTRACT  
 

Two field experiments were carried out during two successive winter seasons of 2007/ 2008 and 2008/ 2009 
at Agric. Exp. Desert Stat., Fac. Agric., Cairo Univ., Wadi El-Natroon, El-Beheira Governorate, Egypt. The aim 
of this study was to adapt triticale (Triticosecale wittmack) crop under new reclaimed sandy soils irrigated with 
saline water. To realize this goal triticale crop (C.V. Bahtim 1) was cultivated at different sowing dates under 
different combinations N, P and K fertilizers. Data showed a negative relationship between delaying sowing 
date and grain yield in both seasons. The early sowings (15th Nov. and 1st Dec.) showed the highest straw yield. 
Delaying triticale sowing from Nov.15 to Dec.15 reduced grain yield by 22.9 and 46.7 %, in the 1st and 2nd 
seasons, respectively. Fertilizer use efficiency (FUE) of triticale sown at 15th Nov. was superior. Delaying 
sowing than this date lowered this parameter. Moreover, biological yield resulted from sowing triticale at 15th 
November exceeded those resulting from the late sowings. Harvest index and 1000-kernels weight were 
significantly superior when triticale plants were sown at 15th Nov. compared to the other two dates (30th Nov. 
and 15th Dec.). The highest grain yield was obtained by addition of N90P30K50 followed by N90P30K25 in the 
1st season, while in the 2nd season it was by N90P60k25 and followed by N90P15K25. Triticale plants were 
more efficient in using NPK fertilizers when they were applied the lowest doses of the three fertilizers (N60 P15 
K25). However, the reverse was true, where plants exhibited the lowest FUE values when they were applied the 
highest doses of the three fertilizers (N120 P60 K25). The highest straw yield in the 1st season was achieved by 
adding N120P30K25, N120P60K50 and/ or N120P30K50 which were significantly indifferent. In the second season, the 
fertilizer treatment N120P15K50 showed the highest significant value in the same regard. Biological yield did not 
exhibit any obvious trend regarding its highest and lowest values in response to the different combined 
fertilizers rates in the two seasons of experimentation. 
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use efficiency (FUE). 
 

Introduction 
 
 Triticale (X Triticosecale Wittmack) is a close relative of wheat resulting from pollinating durum wheat 
(Triticum turgidum or Triticum aestivum) with rye (Secale cereale) and using the cross in a breeding program to 
produce stable, self-replicating varieties. Yield, stress tolerance, and disease resistance are typically greater in 
triticale than in wheat. Moreover, triticale has high protein and lysine content. It can be used as an effective 
saccharification agent for essential alcohol raw materials such as potatoes, maize and wheat (Rodemann and 
Mielke, 2007). In the same regard, triticale is an ideal crop for producers using sustainable agriculture practices 
and organic farming techniques. Nitrogen and energy use efficiencies favor triticale when compared with other 
grains. Phosphorus excretion from pigs fed triticale can be 29% less than from pigs fed corn. Spring triticale 
varieties, as other small grains, should be planted as early as practical. Delayed sowing reduced the yield 
(Kratzsch, 1997 and Rozbicki, et al. 1997).                                            
 Nitrogen is an important component of many important structural, genetic and metabolic compounds in 
plant cells. It is a major component of chlorophyll, the compound by which plants use sunlight energy to 
produce sugars from water and carbon dioxide (i.e. photosynthesis). It is also a major component of amino 
acids, the building blocks of proteins. Some proteins act as structural units in plant cells while others act as 
enzymes, making possible many of the biochemical reactions on which life is based. Nitrogen is a component of 
energy-transfer compounds, such as ATP (adenosine triphosphate) which allows cells to conserve and use the 
energy released in metabolism. Finally, nitrogen is a significant component of nucleic acids such as DNA, the 
genetic material that allows cells (and eventually whole plants) to grow and reproduce. Nitrogen plays the same 
roles (with the exception of photosynthesis) in animals, too. Without nitrogen, there would be no life as we 
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know. Phosphorus as an important nutritional element plays a part in regulating many physiological criteria in 
the plant which in turn affect the resulted total yield (Marshener, 1995). 
 Phosphorus is implicated in carbohydrate metabolism. Although the rates of photosynthetic carbon fixation 
by plants may be reduced by phosphorus deficiency (Plesniˇar, et al. 1994). The presence of phosphorus in the 
soil encourages plant growth because the phosphorus is an essential nutrient. Practically, phosphorus is a major 
building block of DNA molecules (Pant and Reddy, 2003). Potassium also plays some important roles in plant 
metabolism. The role of K in photosynthesis is complex. The activation of enzymes by K and its involvement in 
adenosine tri-phosphate (ATP) production is probably more important in regulating the rate of photosynthesis 
than is the role of K in stomatal activity. Potassium also plays a major role in the transport of water and nutrients 
throughout the plant in the xylem (Paul, 1990).   
 Triticale uses more nitrogen than wheat and phosphorus must be adequate for good yields because a 
shortage of nitrogen will significantly reduce yield. The primary nitrogen deficiency symptom is leaf yellowing, 
starting with the older leaves. And also, the primary phosphorus deficiency symptom is leaf purpling/ browning, 
starting at the tips of older leaves on seedlings. Whereas, Potassium deficiency symptoms are difficult to detect 
but include short inter-nodes and weak stems. To confirm suspect deficiencies, tissue test must be conducted 
(El-Genbihi and Nawwar, 1994, and Gulmezoglu and Aytac, 2010). 
 This work was established to furnish knowledge and to have some understanding about some basic factors 
and important tools such as the use of different sowing dates and rates of fertilizer (N, P and K) to determine the 
optimum sowing date and proper NPK rates to obtain the highest quantity of triticale production under the 
experimental site conditions.  
  
Materials And Methods 
 
Experimental site and crop: 
 
 Two field experiments were carried out during the two successive winter seasons of 2007/ 2008 and 2008/ 
2009 at Agricultural Experiments Desert Station of the Faculty of Agriculture, Cairo University, Wadi El-
Natroon region, El-Beheira Governorate, Egypt. 
 The aim of this study was to adapt Triticale (Triticosecale wittmack) crop under new reclaimed sandy soils 
irrigated with saline water (2700 ppm). To realize this goal triticale crop (c.v. Bahtim 1) was cultivated at 
different sowing dates under different combinations of N, P and K fertilizers. Triticale plants were sown under 
sprinkler irrigation system. The soil was fallow before sowing in both seasons of study. All agricultural 
practices, except sowing date and NPK fertilizers were carried out as usually done in the district of wheat crop 
according to the instructions of the Egyptian Ministry of Agriculture and Soil Reclamation. 
 
Soil and irrigation water analysis: 
 
 Soil samples were taken from the surface 30 cm depth of the soil profile to determine the physical and 
chemical properties of the soil. In addition, samples from irrigation water source were taken for chemical 
analysis according to Klute & Dirksen (1986). Data of Physical and chemical properties of soil and irrigation 
water of experimental site are shown in Tables (1 & 2).  
 
Studied factors: 
 
1. Sowing dates: Triticale crop (c.v. Bahtim 1) was   sown in three different dates; i.e. 15th of November, the 
first of December and the 15th of December in the two experimental seasons.  
2. NPK fertilizers: Combined doses from different rates of NPK fertilizers were applied as follows: 
Nitrogen fertilizer in rates of 60, 90 and 120 kg N/ fed. in form of ammonium nitrate (33.5% N) was added in 
four equal doses every 10 days from sowing. 
 Phosphorus fertilizer in rate of 15, 30 or 60 kg P2O5/ fed., in form of calcium superphosphate (15% P2O5) 
was added before sowing during soil preparation. 
 Potassium fertilizer in rate of 25 or 50 kg K2O/ fed., in form of potassium sulphate (48% K2O) was added 
at 30 days from sowing.  
 The combined fertilizer treatments (kg/ fed.) could be summarized as follows: 
N60+P15+K25     N90+P15+K25      N120+P15+K25  
N60+P15+K50     N90+P15+K50      N120+P15+K50  
N60+P30+K25     N90+P30+K25      N120+P30+K25  
N60+P30+K50     N90+P30+K50      N120+P30+K50  
N60+P60+K25     N90+P60+K25      N120+P60+K25  
N60+P60+K50     N90+P60+K50      N120+P60+K50  
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Experimental design and statistical analysis: 
 
 The applied statistical design of the experiments was split – plot one with three replications. Sowing dates 
were assigned in the main plots, whereas the different combinations of NPK fertilizers were distributed 
randomly in the sub-plots. The area of every sub-plot was 10.5 m, 3.5 m in length and 3.0 in width.  Data were 
subjected to the proper statistical analysis according to the method prescribed by Snedecor & Cochran (1982). 
Means were verified according to the Duncan's multiple range test (1955). 
 
Measurements and calculations: 
 
 Harvesting took place at 154, 140 and 124 days from sowing for the first, second and third sowing date, 
respectively in both seasons. Sample of one square meter (1 m x 1 m) was taken from each sub-plot at the 
previous mentioned harvest dates.  The following characters were measured: Grain yield/ fed., Straw yield/ fed., 
Biological yield/ fed., Harvest index, Seeds index and Fertilizer use efficiency. 
 
Table 1: Physical and chemical properties of soil experimental site in  Wadi El-Natroon, Beheira  Governorate, Egypt. 

Physical and chemical properties 2007/ 2008 2008/ 2009 
Physical properties 

Sand % 93.00 94.35 
Silt   % 4.45 3.48 
Clay % 2.55 5.52 
Texture Sandy Sandy 

Chemical properties 
Soil (pH) 7.06 7.11 

EC (ds/ m) 0.80 0.90 
Organic Matter (%) 0.20 0.15 

Total CaCo3 (%) 2.30 2.20 
Total N (%) 0.40 0.40 

Soluble anions concentration (meq/ 100g soil) 
Cl - 75.40 78.00 

HCO3
- 0.30 0.41 

SO4
-- 0.30 0.29 

Soluble cations concentration (meq/ 100g soil) 
Na+ 43.38 45.00 
K+ 0.62 0.60 

Ca++ 17.00 18.50 
Mg++ 15.00 16.00 

 
Table 2: Chemical analysis of irrigation water in the experimental site of Wadi El-Natroon, Beheira Governorate, Egypt. 

Year 
pH EC Ions concentration meq/ L 
unit ds/m HCO3- Cl- SO4-- Ca++ Mg++ Na+ K+ 

2007/08 7.54 4.00 4.5 32.5 9.25 4.0 6.0 35.2 0.54 
2008/09 7.48 4.14 3.5 30.3 7.43 5.50 4.50 30.8 0.43 

  
Results And Discussion 

 
1. Effect of sowing dates: 
 
 Data presented in Table 3 show the effect of different sowing dates on grain, straw and biological yields as 
well as harvest index and 1000 kernels weight in 2007/ 2008 and 2008/ 2009 seasons.  
 
a. Grain yield: 
 
 Data presented in Table 3 show that delaying triticale sowing date from Nov.15 to Dec.15 reduced grain 
yield by 22.9 and 46.7 %, in the 1st and 2nd seasons, respectively. The results of this study showed that grain 
yield of triticale decreased substantially by delaying date of sowing. It seemed that prevailing weather during the 
growing period may play a role for growth enhancement and acceleration of both fruit setting and pod filling 
which may in tern reflect on seed yield and vise versa. Planting date is one of the most important management 
factors involved in producing high-yielding of small- grains such as triticale (McLeod, et al. 1992; and El- 
Gizawy (2009). Moreover, Jaskiewicz and Mazurek (1997) sowed winter triticale cv. Dagro, Largo and Malno 
were sown in the optimum date or 14 days later. He revealed that delayed sowing significantly reduced grain 
yield.  Kratzsch (1997) reported that the grain yield of triticale decreased with delaying sowing from September 
to October or to November. Moreover, Rozbicki, et al. (1997) indicated that grain yield of winter Triticale cv. 
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Presto sown in 20 September or 10 October averaged 6.80 and 5.28 t/ ha for the 1st and 2nd sowing date, 
respectively. Between 13 and 62 days after renewal of growth in spring, significant differences in growth and 
development of plants and main stem spikes were resulted from differences in sowing date.  Schwarte, et al. 
(2006) stated that grain yield of triticale was decreased with delaying planting after late September. Yield 
reductions as a result of planting in mid October compared to late September ranged from 13 to 29%. Grain 
yield of mid September sowing was 15% less than late September planting and early October sowings, and 13 to 
15% less for mid October.  
 
Table 3: Effect of sowing dates on yield and its related characters of triticale    plant in 2007/08 and 2008/09 seasons.  

Sowing date 
Grain yield / fed. 

(kg) 
Straw yield / fed. 

(kg) 
Biological yield / fed. 

(kg) 
Harvest index 

(%) 
1000 kernels weight 

(g) 
2007/08 season 

15th Nov. 898  a 2742  b 3640  b 0.20  a 41.49  a 
1st Dec. 854  a 2997  a 3851  a 0.20  b 36.93  b 
15thDec. 692  b 2650  b 3342  c 0.20  c 24.66  c 
LSD0.05 46 115 110 0.01 0.95 

2008/09 season 
15th Nov. 961  a 4222  a 5184  a 0.19  a 40.17  a 
1st Dec. 757  b 4036  b 4793  b 0.16  b 35.70  b 
15thDec. 512  c 3484  c 3996  c 0.13  c 33.33  c 
LSD0.05 42 161 148 0.01 0.99 

 
b. Fertilizer use efficiency: 
 
 Data illustrated in Fig. 1 revealed that fertilizer use efficiency (FUE) of triticale sown at 15th Nov. was the 
superior and delaying grain sowing than this date lowered this parameter. The depression caused by sowing at 
15th Dec. exceeded those obtained when triticale was sown at 1st of Dec. in both seasons of the study. Ehdaie, 
et al. (2001) on spring bread and durum wheat genotypes, found that nitrogen-use efficiency for protein was 
greater at December and October than at February sowing, but their components, N-uptake efficiency, N-
production efficiency, and N-partitioning efficiency exhibited different patterns.  
 
c. Straw yield: 
 
 As shown in Tables 3, early sowing date (15th Nov.) in the 2nd season or at 1st Dec. in the 1st season 
showed the highest straw yield. The latest date (30th Dec.) showed the lowest straw yield. This may be 
attributed to the lowest number of tillers and dry matter / plant. Ramos, et al. (1993) showed that sowing earlier 
or later than the last week of Nov. or the first week of Dec decreased forage yield by 22-44% and grain yield by 
12-60%. Krezel and Sobkowicz (1994) showed that straw yield of triticale cv. Lasko reduced with sowing later 
(5 or 15 Oct). Furthermore, Royo, et al. (1997) revealed that forage yield was unaffected by sowing date. 
Donaldson, et al. (2001) noticed that marked increases in straw production always resulted from early sowing, 
more than doubling straw produced from the October sowing in all years. The quantity of straw decreased 30 % 
per months, resulting in 71 and 42 % of the august amount for September and October, respectively.  
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Fig. 1: Effect of sowing dates on fertilizer use efficiency of triticale plant in 2007/08 and 2008/09 seasons. 
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d. Biological yield: 
 
 Biological yield resulted from sowing triticale at 15th November or at 1st of December exceeded those 
resulting from the latest sowing date (Table 3). Piech, et al. (1990 reported that when winters were severe, 
yields obtained from 20-25 Sep and 5-10 Oct. sowings were the highest in comparison with sowing on 20-25 
Oct. and 5-10 Nov. Podolska (2000) stated that sowing date significantly affected yield, yield components and 
canopy architecture of winter triticale cv. Tornado. The condition for high and safe yields is given, if the sowing 
of triticale is performed at the end of September or beginning of October (Rodemann and Mielke, 2007).   
             
e. Harvest index& 1000-kernels weight: 
 
 The results assigned in that both harvest index and 1000-kernels weight were significantly superior Table 3 
revealed when triticale plants were sown at 15th Nov. compared to the other two sowing dates (30th Nov. and 
15th Dec.) which were significantly lower in both growing seasons. 
 
2. Effect of combined fertilizer: 
 
 Data presented in Table 4 show the effect of different combined NPK fertilizers rates on grain, straw and 
biological yields in the two growing seasons 2007/ 2008 and 2008/ 2009. 
  
a. Grain yield: 
 
 Data in Table 4 pointed out that the highest grain yield was obtained by addition of N90P30K50 followed 
by N90P30K25 in the 1st season, while in the 2nd one it was obtained by N90P60k25 and followed by 
N90P15K25. However, no obvious trend was obtained in grain yield due to increasing P fertilizer rates in both 
growing seasons.  The increase in K fertilizer rates more than 25 kg K2o/fed. did not improve the grain yield/ 
fed. under the condition of this experiment in both experimental seasons. These findings were confirmed by 
Ahmed and Rashid (2004) and Omran, et al. (2005). 
 Many researches dealing with application of NPK fertilizer and its effect on grain yield of cereals but their 
results varied according to the crop, varieties and soil type. Application of 90 kg N was applied + 38 kg P and 
73 kg K/ha increased the grain yields (Ulmann, 1992).  Moreover, Abou-Warda  and Sadeq (1994) and El-
Genbihi and Nawwar (1994) reported that increasing nitrogen levels from 0 to 80 kg N/ fed significantly 
increased grain yield of triticale. Koziara, et al. (1994) reported that grain yield of triticale cv. Jago plant was 
greatest with 100 kg N/ha.Furthermore, Gulmezoglu and Aytac (2010) concluded that the grain yield of triticale 
showed a highly significant response to N levels. It was  increased by rising N levels till N(40+40 kg/ ha), the 
first amount was used at sowing and the second top dressed. 
 
Table 4: Effect of NPK fertilization on yield and its related characters of triticale plant in 2007 – 2008 season. 

NPK Fertilizer 
Grain yield 
/ fed. (kg) 

Straw yield 
/ fed. (kg) 

Biological yield 
/ fed. (kg) 

2007/08 2008/09. 2007/08 2008/09 2007/08 2008/09 
N60P15K25 910   ac 654   ef 2425  gh 3279    i 3335   ef 3933   fg 
N60P15K50 741   hj 757   ce 2675  dg 3308    i 3415   e 4065   f 
N60P30K25 711   ij 641   f 3102  ab 3471   hi 3813   bd 4112   f 
N60P30K50 681   j 684   ef 2487  gh 2857   j 3168   ef 3541   g 
N60P60K25 752   gj 827   ac 2589  eh 3748   fh 3341   ef 4575   de 
N60P60K50 764   fi 691   df 2345   h 3590   gi 3109   f 4281   ef 
N90P15K25 908   ac 883   ab 2855  bd 4146   ae 3763   cd 5029   ac 
N90P15K50 723   ij 727   cf 2571   fh 4098   be 3294   ef 4825   bd 
N90P30K25 922   ab 826   ac 2780   cf 4355   ab 3702   d 5181   ab 
N90P30K50 927   a 756   ce 2826  ce 4302   ac 3754   d 5058   ac 
N90P60K25 893   ad 920   a 2854  bd 4358   ab 3747   d 5278   a 
N90P60K50 843   bf 647   f 2502  gh 4247   ad 3345   ef 4894   ad 
N120P15K25 785   fi 811   bc 2607  dg 3953   cf 3392   e 4763   cd 
N120P15K50 770   fi 813   bc 3006  ac 4468   a 3776   bd 5281   a 
N120P30K25 810   eh 650   f 3216   a 4127  ae 4026   ac 4778   cd 
N120P30K50 879   ae 647   f 3205   a 3888   eg 4083   a 4535   de 
N120P60K25 829   cg 657   ef 3082  ab 3946   df 3911   ad 4603   de 
N120P60K50 818   dh 790   bd 3211   a 4312   ab 4029   ab 5102   ac 

LSD0.05 82.41 105 253.5 349.8 265.7 392.3 
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b. Fertilizer use efficiency: 
 
 Data illustrated in Figs. 2 & 3 exhibit the effect of combined NPK fertilizers rates on fertilizer use 
efficiency (FUE) of triticale plants in 2007/ 2008 and 2008/ 2009 growing seasons. The present results of the 
two seasons showed an obvious trend indicating that triticale plants were more efficient in using NPK fertilizers 
when they were applied the lowest doses of the three fertilizers (N60 P15 K25). However, the reverse was true, 
where plants exhibited the lowest FUE values when they were applied the highest doses of the three fertilizers 
(N120 P60 K25) in both seasons. 
 
c. Straw yield: 
 
 The highest straw yield was shown with the highest levels of fertilizers (Table 4). This conclusion was true 
for the 1st season where the highest straw yield was achieved by adding N120P30K25, N120P60K50 and/ or 
N120P30K50 which were significantly indifferent. Whereas, in the second season the fertilizer treatment 
N120P15K50 showed the highest significant value in the same regard. However, the lowest significant values of 
straw yield were achieved by N60P60K50 and N60P30K50 in the first and second growing season, respectively. 
Abou-Ward and Sadeq (1994) showed that increasing nitrogen fertilization level up to 110 kg/ fed. significantly 
increased straw yield of triticale and wheat.   
 
d. Biological yield: 
 
 It is noteworthy from data in Table 4 that biological yield did not exhibit any obvious trend regarding its 
highest and lowest values in response to the different combined fertilizers rates in the two seasons of 
experimentation. In the first season, the highest and lowest values of biological yield were detected by 
N120P30K50 and N60P60K50, respectively. However, in the second season, the highest and lowest values of 
biological yield were achieved by adding N120P15K50 and N60P30K50, respectively.      
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Fig. 2: Effect of NPK fertilization on fertilizer use efficiency of triticale plant in 2007/08 season. 
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Fig. 3: Effect of NPK fertilization on fertilizer use efficiency of triticale plant in 2008/09 season.  
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