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ABSTRACT 
 

In order to study the response of winter cereals to nitrogen fertilizer application, an experiment 
was carried out in Gonbad Kavous University, Iran during 2013/2014 and 2014/2015. The experiment 
included combination of different winter cereals species [bread wheat, durum wheat, six rowed 
barley, two rowed barley, hull less barley, oat, and triticale]  under two nitrogen rates (zero and 
optimum) as a factorial in a randomized complete block design with 4 replications. The results 
showed cereals differed significantly in terms of days to anthesis, days to maturity, spike number, 
grain per spike, grain weight, grain yield, tiller number and height. Also, by nitrogen increasing from 
zero to optimum level, spike number, grain per spike, grain weight, tiller number and height increased 
significantly. Triticale with 1087.50 g.m–2 and in 681.36 g.m–2 had maximum grain yield in first and 
second years respectively. In both years, the least grain yield was observed in oat. In years, triticale 
and barley species had the highest height values, tiller number, grain weight and grain yield. Oat 
reached maturity phase through 167.12 days after planting with receiving 2069.66 growth degree days 
while for second year, it took 180 days after planting with 2607.16 growth degree days. Result 
demonstrated that agronomic and physiologic traits of different cereals affected by weather condition 
under nitrogen supply. Cereals grain yield did not show any difference significantly by nitrogen level 
increasing from zero to optimum. 
 
Key words: Cereals, Height, Nitrogen, Wheat, Yield. 

 
Introduction 
 

Nitrogen is an essential element from the early vegetative stage into harvesting time that is known 
as one of the main inputs of wheat agriculture system needed in order to reach optimum yield (Rafigh 
et al., 2010; Ali, 2011). Increasing nitrogen fertilizer application over years to foster farmer's 
objectives, has maximized environmental risks pollutions and economic as well. Developing precision 
fertilizer application based on each crop requirement considering condition and soil characteristics, 
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navigate scientist to apply the exact amount of fertilizer to reach the target yield while decreasing the 
costs and risks (Acreche and Slafer, 2006). 

Cereal grain yield has been defined as grain number per unit, grain number per spike and grain 
weight (Wang, 2010). Yield component can be controlled by the agronomic management, genotype 
and the interaction between environment and genotype (Aydin et al., 2010). Nasim et al. (2012) by an 
investigation on 11 wheat genotypes well documented that grain weight allocate the most allotment of 
increasing grain yield and wheat ability to absorb soil resources particularly nitrogen as well 
Giambalwo et al. (2010) reported grain yield differed significantly, in a field research on durum wheat 
genotypes with morphological differences at two levels of nitrogen fertilizer rates including 0 and 80 
kg ha–1. Biberzic et al. (2010) in a two-year experiment, by comparing barley and triticale grain yield 
in the same ecological conditions at three nitrogen levels (80, 100 and 120 kg ha–1), reported that 
higher grain yield and 1000 grain weight were obtained at 80 and 120 kg ha–1 for barley and triticale, 
respectively. Plant yield was improved by increasing dry matter and economic yield in the field 
condition. In grain crops, increasing harvest index is the most important factor in improving yield and 
after reaching the maximum harvest index in each plant, simulating dry matter cannot transfer into 
grains (Colino et al., 2005). In a study by Deniz et al. (2009) on spring barley genotypes, it was 
shown that grain yield had a positive significant correlation with spikes per unit. Phenological 
development is an important key to understand crop growth, yield potential and prediction of 
phenology. To maximize the yield and production, management in cropping system or plant genetic 
modification are the first steps in adapting the phenological stages with the environmental resources. 
The period of phenological events depend on genotype, environmental factors (mainly temperature), 
day length and their interactions (Zadoks et al., 1974). Motzo and Giunta (2007) showed that 
phenological events were the most important factors for the regular reaction in Mediterranean 
environment 

Since wheat, barley, triticale and oat are the most important cereals in Iran that affect agricultural 
economy and also nitrogen is the main element that stimulates plant growth and yield, this study 
aimed to compare the effect of nitrogen fertilizer application on yield and yield components in 
abovementioned cereals 
 
Materials and Methods 
 

The experiments were conducted during the growing seasons of 2013/2014 and 2014/2015 on 
loamy clay soil condition at the research field of Gonbad Kavous University, Gonbad Kavous, Iran 
(37° 15´ N and 45° 46´ E). The experiments were arranged as a factorial in randomized block design 
with four replications. Bread wheat (Triticum aestivum L.), durum wheat (Triticum turgidum L.), 
barley (Hordeum vulgare L.) including two-rowed barley, six-rowed and hull less barley, oat (Avena 
sativa L.) and triticale (Triticum wittmak L.) were investigated at two nitrogen fertilizer application 
rates (zero and optimum rates, in the form of Urea). Fertilizer N, P and K were applied at autumn 
season according to soil analysis results and crop requirement (Table 1). The optimum nitrogen level 
was determined as 150 kg ha–1 for bread wheat and hull less barley, 120 kg ha-1 for durum wheat and 
two rowed barley, 210 kg ha–1 for six rowed barley, 240 kg ha–1 for triticale and 90 kg ha–1 for oat, 
based on the average of recent 10-years grain yield according to Gonbad- e – Kavous Agriculture 
Research Centre data's for each cereal. The plots were sown on 7 December 2013 and 9 December 
2014 with plant density 270 per square meter for oat and barley and 350 per square meter for wheat 
and triticale.  

 
Table 1: Physico-chemical properties of the soil (0-30 cm) 
Year EC 

(ds.m–1) 
pH Total 

carbon (%) 
Total 

nitrogen (%) 
P 

(ppm) 
K 

(ppm) 
Clay 
(%) 

Loam 
(%) 

Sand 
(%) 

2013-2014 1.19 7.9 0.68 0.117 13.4 356 15 64 21 
2014-2015 1.21 7.99 0.76 0.112 14.2 310 25 60 15 

 
 Phenological stages were measured with intervals of 3–5 days after planting, according to the 

Zadoks Decimal Code (Zadoks et al., 1974). Every growth stage was recorded in a plot as soon as 
50% of the plants achieved that its stage. Anthesis (anthers exerted from the spikelet) and 



Middle East J. Agric. Res., 6(3): 789-799, 2017 
ISSN: 2077-4605 

791 

physiological maturity (yellow peduncle) were recorded. At maturity stage, about 2 m2 per plot was 
harvested in order to evaluate grain yield, biological yield and harvest index. The harvest index was 
obtained by dividing the grain yield by the biological yield. Twenty plants from each plot were 
selected in order to investigate the yield components (Spike per plant, grain number per spike and 
grain weight). The number of fertile tillers was counted and the plant height measured.  

After testing the homogeneity of variances, the analysis of variance was carried out using SAS 
software version 9.3.1. Differences among treatments were compared by LSD test at the 5% level.  
 
Results  
 

The mean minimum temperature was 7.91C and 8.71C during 2013-2014, 2014-2015 and the 
average of maximum temperatures were 20.6 and 21.12C in 2013/2014 and 2014/2015, respectively. 
Based on the amount of precipitation, the first year was more humid than the second year and rain 
distribution in 2014 spring (anthesis event) was more than the first year (Figure 1).  

 
 

Fig. 1: Minimum and maximum temperature and precipitation of 2013-2014 (a) and 2014/2015 (b). 

Phenological characteristics 
 

According to Table 2, the interaction year × cereal species × nitrogen was not significantly 
different in anthesis, physiological maturity events and their growth degree day. Interaction year × 
cereal was significant in days number to anthesis, anthesis growth degree day, days to maturity and 
maturity growth degree day. Table 3 shows that hull less barley reached anthesis phase in 118 days 
after early planting as compared with other cereals in the first year. In addition, physiological maturity 
was completed in 151 days after planting by attaining 1670.05 growth degree days. In the second 
year, barley genotypes (six rowed barley, two rowed barley and hull less barley) completed their 
physiological maturity phase earlier than other cereals in 156 days after planting with receiving 1974 
growth degree days. According to results, the maximum point in time of reaching to each 
phenological phase was related to oat. In 2013-2014, oat reached maturity phase through 167.12 days 
after planting with receiving 2069.66 growth degree days while for second year, it took 180 days after 
planting with 2607.16 growth degree days. It shows that oat crop requires more growth degree days in 
comparison with other cereals, in order to complete the phenological cycles. 

 
Yield and yield components 
 

Year × cereal × nitrogen had no significant effect on the characteristics measured, except spike 
number per square meter (Table 2). The data demonstrated that cereal × nitrogen interaction had a 
significant effect on grain number per spike, and year × nitrogen was significant for grain yield (Table 
2). As presented in table 2, year × cereal interaction had a significant effect on the number of spike 
per square meter, grain number per spike, grain weight and grain yield. Cereals differed significantly 
at yield and yield components and the year showed significant effect on yield and yield components at 
the 1% level. In the first year, the maximum spike per square meter was observed in bread wheat with 
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1476.95 spikes at zero nitrogen rate, in triticale with 1699.64 spikes and hull less barley with 650.43 
and 751.64 spikes at zero and optimum nitrogen, had the minimum spike number per square meter 
(Table 4). In 2014/2015, the minimum spike number per square meter was observed in oat at zero and 
optimum nitrogen rate with 305 and 644.21 spikes; whereas, the maximum spike number was 
observed in two rowed barley with 1480.58 spikes at zero nitrogen rate and in six rowed barley with 
1859 spikes at optimum nitrogen rate (Table 4). In both years, the most grain number per spike (71.63 
and 69.62 grains) was obtained in oat and the minimum grain number per spike was associated with 
two rowed barley with 30.13 grains in the first year and 26.62 grains in the second year (Table 3). In 
the first year, the maximum grain weight was observed in two rowed barley (38.74 gr) and the second 
year, the highest grain weight was observed in triticale with 34.56 g. The least amount grain weight 
was observed in oat (26.72 and 26.81 g, respectively) in both years. The results demonstrated that 
year, cereal, nitrogen, year× cereal and year× nitrogen were significant on grain yield at one percent 
level (Table 2). Triticale with 1087.50 g.m–2 and in 681.36 g.m–2, had maximum grain yield in first 
and second years respectively. In both years, the least grain yield was observed in oat (Table 3). 

  
Biological yield and harvest index 
 

 Year × cereal × nitrogen had a significant effect on biological yield and harvest index (Table 2). 
The results showed that cereals had no significant difference in biological yield. In the first year, the 
harvest index of cereals varied from 18.52% in oat to 38.10% in hull-less barley, but in the second 
year, there was no significant difference in cereal harvest index. A significant increasing in oat harvest 
index was observed in the second year due to the long season growth in oat, that can be defined the 
improvement of plant ability in assimilating transfer to grains (Table 3). 
 
Morphological traits 
 

Year × cereal × nitrogen, year × cereal and cereal × nitrogen had a significant effect on tiller 
number at one percent level (Table 2). By increasing nitrogen rates from zero to optimum, tiller 
number increased from 466.05 to 601.69 tillers in oat and from 1234.93 to 1475.34 tillers per square 
in triticale in first and second year, respectively (Table 4). In the second year, durum wheat in zero 
and optimum nitrogen rates with 953.42 and 1223.81 tillers per square meter showed maximum tiller 
number per square meter, however, oat had minimum tiller number with 281.81 and 374.95 tillers per 
square meter in the first and second year, respectively (Table 4). The effect of year × cereal × nitrogen 
was significant on plant height at the 1% level (Table 2). The result showed that plant height was 
increased by raising the nitrogen rate. In the first year, triticale with 104.05 and 105.17 cm height had 
maximum and durum wheat showed the least plant height at zero and optimum nitrogen rates with 
76.92 and 85.52 cm, respectively (Table 4). In the second year, maximum plant height was related to 
two rowed barley at zero nitrogen rate and triticale at optimum nitrogen rate had (97.72 and 114.62 
cm), and oat with 83.42 cm at zero nitrogen rate and 85.05 cm at optimum nitrogen rate had minimum 
plant height (Table 4).  

The correlation table (Table 5) demonstrated that among yield components, grain number 
showed the most correlation to grain yield (0.93). Spike number with a positive significant relation 
(0.67) correlated to grain yield, and grain number per spike with -0.87 correlations had a negative 
significant relationship with grain yield. A positive significant correlation was observed between tiller 
numbers and grain yield that shows tillers numbers had a considerable effect on grain weight in 
cereals (0.73). Plant height and grain yield correlated positively and significantly (0.47). It seemed 
that a plant with proper tiller number and height value, improves assimilate supplies in the vegetative 
growth and allocated them to sink at grain filling period. The positive high correlation (0.87) between 
tiller number and spike number showed that with tillers increased, grain number per spike decreased 
in spite of increasing spike number. The correlation between biological yield and yield components 
was not as strong as the correlation between biological yield and tiller number (0.58). 
 
 
 
 



Table 2: Mean square of yield, yield components and morphological traits of winter cereals 

*Significant at 5 percent level, ** Significant at 1 percent level, ns No significant 

  

 

 

 

 Freedom 

Degree 

Days To 

Anthesis 

Anthesis 

GDD 

Days To 

Maturity 

Maturity 

GDD 

Spike 

Numbers 

Grain 

Number 

Per Spike 

Grain 

Weight 

Grain 

Yield 

Biological 

Yield 

Harvest 

Index 

Tillers 

Number 

Plant 

Height 

Year 1 249** 613690.55*

* 

931.50** 2568561.72** 406688.27** 3261.60** 166.84** 5.06** 4.88** 9.25ns 386.04ns 159.12** 

Error 6 1.05 367.24 0.43 5.92 25437.05 91.31 13.54 0.21 0.04 131.34 11430.31 17.10 

Cereal 6 701.73** 219473.21*

* 

764.49** 540458.16** 1054722.96*

* 

2928.75** 92.13** 1.46** 0.04ns 69.74ns 937199.06** 724.62** 

Nitrogen 1 0.08NS 11.50NS 0.08NS 5.80NS 668480.71** 545.95** 125.20** 1.02** 0.04ns 0.27ns 576741.438** 1219.02** 

Cereal×Nitrogen 6 0.11 NS 28.85NS 0.08NS 5.80NS 201759.46** 110.89* 3.52ns 0.01ns 0.05ns 215.39** 117179.70** 33.16** 

Year×Cereal 6 108.82** 33228.97** 111.09** 91094.84** 444517.59** 140.92** 67.22** 0.14** 0.06ns 6.44ns 355057.95** 33.16** 

Year×Nitrogen 1 0.08NS 9.31NS 0.08NS 5.98NS 547222.49** 50.59ns 28.38ns 0.24** 0.03ns 32.92ns 6421.41ns 27.90* 

Year×Cereal×Nitrogen 6 0.18NS 62.15NS 0.08NS 5.98NS 265781.60** 78.52ns 28.46ns 0.01ns 0.06* 9.78ns 177043.40** 111.94* 

Error 78 0.47 9065.39 0.05 460.82 28100.70 43.33 15.20 856.68 17551.56 35.63 14798.61 6.77 

C.V  0.54 0.83 0.14 0.12 15.21 15.93 12.5 1.9 2.41 18.29 13.83 2.81 
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Table 3: Mean comparison of winter cereal traits 
 

Year Cereal Anthesis 

(Day)s) 

Anthesis Gdd Maturity 

(Days) 

Maturity Gdd Grain Number 

 (Per Spike) 

Grain Weight 

(gr) 

Grain Yield 

(gr m-2) 

Biological Yield 

(gr M-2) 

Harvest Index 

 Oat 140.37a 1435.37f 167.12a 2069.66a 71.63a 26.72c 982.97abc 182.85e 18.52d 

2013-2014 Durum Wheat 135.62b 1344.05b 160b 1885.85b 45.46b 31.98ab 863.86bc 300.80 dc 34.64b 

 Bread Wheat 131c 1247.05c 160b 1885.85b 43.85b 36.12ab 1008.24ab 379.16a 37.92a 

 Two Rowed Barley 122e 1247.05c 152c 1692.25c 30.13c 38.74ab 1086.31a 350.06bc 31.95c 

 Six Rowed Barley 131c 1094.65e 160b 1885.85b 41.88b 31.24ab 897.50bc 283.90d 31.58c 

 Hull Less Barley 118f 1033.95f 151d 1670.05d 46.90b 33.85ab 867.05c 324.34dc 38.10a 

 Triticale 125d 1146.45d 160b 1885.85b 47.17b 36.28ab 1087.50a 409.45a 37.77a 

 LSD (0.05) 0.48 8.47 0.13 3.47 9.28 6.04 151.75 51.70 2.09 

Nitrogen Zero 129a 1221.25a 158.60a 1854.08a 43.84b 31.77b 937.18a 273.25b 27.29b 

 Optimum 129a 1221.19a 158.57a 1853.14a 49.60a 35.35a 998.09a 364.05a 36.58a 

 LSD (0.05) 0.25 4.53 0.07 1.85 4.96 3.23 81.11 27.64 1.11 

 Oat 140a 1610.10a 180a 2607.16a 69.62a 26.81d 579.85ab 89.20d 30.84b 

2014-2015 Durum Wheat 125.62b 1357.35b 165c 2161c 32c 28.34bc 668.19ab 189.08c 31.74ab 

 Bread Wheat 124.12c 1335.88dc 165c 2161c 27.37e 30.53ab 663.75ab 225.81b 34.11ab 

 Two Rowed Barley 121.5e 1292.3f 156d 1947d 26.62e 28.43dc 576.66b 230.36b 30.40b 

 Six Rowed Barley 123.25e 1325.15dc 156d 1947d 30.75cd 32.71ab 620.96ab 228.81b 29.87b 

 Hull Less Barley 122.5d 1313.61e 156d 1947d 35.12b 28.27dc 666.88ab 256.53a 36.12a 

 Triticale 125b 1348.25bc 171b 2326b 30d 34.56a 681.36a 232.62b 33.44ab 

 LSD (0.05) 0.81 12.88 1.14 15.33 1.57 6.04 91.87 18.43 5.19 

Nitrogen Zero 126.03a 1369.75a 164.03a 2156.03a 34.39b 28.39b 632.29a 195.34b 32.24a 

 Optimum 125.96a 1368.54a 162.83a 2156.83a 37.46a 31.51a 644.15a 216.21a 32.45a 

 LSD (0.05) 0.43 6.88 0.38 3.23 0.84 1.66 49.11 9.85 2.77 
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Table 4: Mean comparison of spike number, biological yield, tiller number and plant height in winter cereal 

 

Cereal Nitrogen Spike Number 

(Per Square Meter) 

Biological Yield 

(gr m–2) 

Tiller Number 

(Per Square Meter) 

Plant Height 

(Cm) 

  2013- 2014 2014- 2015 2013- 2014 2014- 2015 2013- 2014 2014- 2015 2013- 2014 2014- 2015 

Oat Zero 701.32dc 305e 925.03ab 518.87c 466.05d 281.81e 91.50b 83.42d 

Durum Wheat Zero 1198b 1212.12b 814.06ab 748.12a 829.31b 953.42a 76.92e 89.55c 

Bread Wheat Zero 1476.95a 785.31d 786.59b 629.37abc 773.06bc 752.60cd 91b 91.75bc 

Two Rowed Barley Zero 1061.04b 1480.58a 1003.90ab 665.77ab 632.13bcd 942.42a 87.30c 97.72a 

Six Rowed Barley Zero 945.03d 1000.51c 1063.28a 588.80ab 1092.26cd 717.18d 82.62dc 89.95d 

Hull Less Barley Zero 650.43bc 992.78c 1032.50a 668.12c 583.65a 729.69d 85.10d 79.57c 

Triticale Zero 1072.44b 936.86c 1008.25ab 690ab 1234.93a 870.72bc 104.05a 96.22ab 

Oat Optimum 897.69c 644.21d 946.56b 660.62a 601.69d 374.95e 96.80b 85.05f 

Durum Wheat Optimum 1452.12ab 941.93c 1059.22a 588.25ab 872.86c 1223.81b 85.82c 88.72e 

Bread Wheat Optimum 1546.93ab 1132.39b 901.44b 698.12a 918.40cd 883.12cd 98.17b 95.70cd 

Two Rowed Barley Optimum 1546.52c 1279.01b 920.16b 487.55b 778.50c 1086.03c 96.42c 98.77c 

Six Rowed Barley Optimum 1299.97c 1859.95c 1129.13b 653.12a 1169.80c 1521.84d 88.50c 105.82d 

Hull Less Barley Optimum 751.64ab 988.05a 979.69a 665.62a 905.41b 747.75a 87.10c 92.67b 

Triticale Optimum 1669.94a 1124.66b 977.03b 672.72a 1475.34a 896.20cd 105.17a 114.62a 
                        

There is no significant difference among treatments with same letters 
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Table 5: Correlation in grain yield, yield components and morphological traits of winter cereal 
 
Traits Days To 

Anthesis  

Days To 

Maturity 

Spike 

Numbers 

Grain 

Number   

Grain 

Weight 

Grain 

Yield 

Biological 

Yield 

Harvest 

Index 

Tillers 

Number 

Plant 

Height 

Days To Anthesis 1          

Days To Maturity 0.67** 1         

Spike Numbers -0.22* -0.41* 1        

Grain Number 0.70** 0.43* -0.88** 1       

Grain Weight -0.36*        -0.33** 0.62* -0.78* 1      

Grain Yield -0.37* -0.62** 0.67* -0.87* 0.93** 1     

Biological Yield 0.08 -0.30* 0.14 -0.24 0.55 0.38 1    

Harvest Index -0.06 -0.03 0.10 -0.15 0.34 0.52 0.18 1   

Tillers Number -0.39* -0.34* 0.87** -0.79** 0.73** 0.10 0.58 0.10 1  

Plant Height -0.25* 0.02 0.41* -0.28* 0.47* -0.08 -0.08 0.11 0.47* 1 

*Significant at 5 percent level, ** Significant at 1 percent level 
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Discussion 
 
Phenological characteristics 
 

The variation of phenological event in different cereals was depends on genetic and whether 
condition through the year experiments. High temperature in winter, more over cloudiness and rainfall 
distribution condition after the pollination stage of the second year, were effective on cereal in order 
to reach to anthesis phase, but day's number to the maturity stage took longer than the first year. As 
reported by Stacy et al. (2006), the year effect and climate condition explained the yield variation in 
different years. Yun et al. (2012) also reported that time to heading and flowering point were affected 
by genetic and environmental factors. In a following study, it was presented that the vegetation and 
reproductive event duration were affected by sowing date, seeding rate, fertilizer applications rates, 
irrigation, short-term weather and long-term climate conditions (Hu et al., 2005). The result of 
correlation (Table 5) showed that the event of anthesis and maturity had a positive significant 
correlation (0.67), and indicated that cereals reached anthesis event more rapidly leading to 
completion of physiological maturity. A negative significant correlation was observed between grain 
yield, days number to anthesis (-0.37) and days to maturity (-0.62). All yield components correlated 
positively and were significant to anthesis and maturity event (respectively, 0.70 and 0.43). A weak 
correlation was observed between day number to anthesis stage with harvest index and biological 
yield. Also, there was a pathetic relationship among days to physiological maturity, harvest index and 
plant height. The results showed that there are no strong effect by above factors on increasing biomass 
growth and economical yield. As observed, the number of days to anthesis and maturity correlated 
negatively and significantly with tiller numbers. The results indicated that the phenological stages 
were not so effective on tillers' number development in cereals. 

 
Yield and yield components 
 

Generally, the grain yield in the second year was significantly lower than first year. In the 
second year, the higher winter temperature led to lesser tillers in cereals. Besides, the spring 
precipitation synchronized to the anthesis event of cereal, as provided unfavorable condition for 
anthesis and grain filling that led to a reduction in grain number and increasing hollow grains. 
Thereafter, the heat stress of the final growing season increased the assimilation amount while 
transferring to grains and grain weight decreased. The minimum grain yield in oat was associated to 
delayed reaching anthesis and physiological maturity in comparison with other crops with lesser tiller 
numbers, spike number and grain weight that is according to Aydin et al., (2010) results in a study on 
25 wheat genotypes in Turkey and Hackett and Burke (2004) on triticale and wheat. It seemed that 
cold winter condition in first year of experiment led to more tiller growth and development and 
appropriate spike number in bread wheat and triticale. The spike number depends on the fertile tiller 
number and it seemed that oat is known as a plant with low capacity to spike production by its low 
tiller numbers. The positive effect of nitrogen fertilizer on spikelet number in the main spike can 
increase the spikelet initiation period due to the longevity of the tillering and floret event and fertility 
improvement. None requirement condition and nitrogen deficiency from the floret emergence phase 
up to flag leaf appearance can destroy many spikes. The environmental condition, especially 
temperature rising after anthesis event decreased grain weight that due to reduction of grain filling 
rate. Nitrogen fertilizer with increasing leaf area index, tiller number, plant height and more nutrition 
absorption were caused to more photosynthetic ability and grain yield. Plant height, grain number per 
spike, and 1000 grain weight are recognized important factors of triticale grain yield improvement 
(Gulmezoglu et al., 2010; Sanchez–Garcia et al., 2013). Ibrahim (2005) in his study on the correlation 
and path analysis of barley yield documented that grain yield had a negative no significant correlation 
with days to flowering and peduncle length, and significant negative correlation with the number of 
fertile tillers 
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Biological yield and harvest index 
 

Cereal canopy structure, leaf shape and length, leaf angle for receiving radiation, root 
development for nutrition uptake were in very close relationship with cereals. Besides, soil nitrogen 
supply was sufficient for above ground growth and no significant difference was observed in 
biological yield. Obviously, in second year of experiment, biological yield was lower than the first 
year due to year effect and unfavorable weather condition for the tiller development in autumn and 
winter and plant growing cycle confronted with the heat stress of the final season. Therefore, tiller 
number, leaf area and leaf number decreased and led to a reduction in biological yield (Tables 4). The 
tiller number, leaf area development and finally caused restriction and the above ground improvement 
have been limited by higher winter temperature. The result showed that the effect of nitrogen on 
biological yield was insignificant in both years. According to Reynolds et al. (2009) and Acerche and 
Slafer., (2009) most grain yield requires to higher dry matter production. In several researches on the 
basic physiological principle of grain crops, the relationship between grain yield and harvest index 
was positive, but no strong correlation observed between biological yield and grain yield 
(Morgounova et al., 2010).  

 
Morphological traits 
 

The average tiller number not significantly differed in the different years and with increased 
nitrogen application, tiller number increased as well. In the first year, the cold winter led to more tiller 
production and development in cereals, whereas in the second year, higher winter temperature limited 
tiller development. Oat is known as a low capacity crop for tiller production for longer phenological 
event that synchronized terminal season heat stress that led to the least plant height. The above ground 
growth observed in triticale which attributed to the node number and inter node distance, which led to 
an increasing in plant height in responding to the increased nitrogen level from zero to optimum rate. 
In the first year, the weather condition was not suitable for durum to have more height in comparison 
with other cereals because of it is adapted to warm and drought conditions, but in the second year, a 
considerable improvement was occurred in durum wheat height. In an investigation on durum in Iran, 
different reaction was observed in various genotypes, and nitrogen was shown to have positive effect 
on plant height (Khourgami and Bour, 2008).  

 

Conclusion 
 

Triticale showed considerably higher potential in many morphophysiological characters to 
reaching optimum biological and economical yield in both years, while the minimum measured traits 
were observed in oat. According to the results of weather condition in different years, more attention 
and study needs in cereals climate adaptation area and the genetic effect on the phenological and 
morghological response in different cereal as a considerable strategy for increasing yield. 
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	Fig. 1: Minimum and maximum temperature and precipitation of 2013-2014 (a) and 2014/2015 (b).
	Phenological characteristics
	According to Table 2, the interaction year × cereal species × nitrogen was not significantly different in anthesis, physiological maturity events and their growth degree day. Interaction year × cereal was significant in days number to anthesis, anthesis growth degree day, days to maturity and maturity growth degree day. Table 3 shows that hull less barley reached anthesis phase in 118 days after early planting as compared with other cereals in the first year. In addition, physiological maturity was completed in 151 days after planting by attaining 1670.05 growth degree days. In the second year, barley genotypes (six rowed barley, two rowed barley and hull less barley) completed their physiological maturity phase earlier than other cereals in 156 days after planting with receiving 1974 growth degree days. According to results, the maximum point in time of reaching to each phenological phase was related to oat. In 2013-2014, oat reached maturity phase through 167.12 days after planting with receiving 2069.66 growth degree days while for second year, it took 180 days after planting with 2607.16 growth degree days. It shows that oat crop requires more growth degree days in comparison with other cereals, in order to complete the phenological cycles.
	Yield and yield components
	Year × cereal × nitrogen had no signiﬁcant effect on the characteristics measured, except spike number per square meter (Table 2). The data demonstrated that cereal × nitrogen interaction had a signiﬁcant effect on grain number per spike, and year × nitrogen was significant for grain yield (Table 2). As presented in table 2, year × cereal interaction had a significant effect on the number of spike per square meter, grain number per spike, grain weight and grain yield. Cereals differed significantly at yield and yield components and the year showed significant effect on yield and yield components at the 1% level. In the first year, the maximum spike per square meter was observed in bread wheat with 1476.95 spikes at zero nitrogen rate, in triticale with 1699.64 spikes and hull less barley with 650.43 and 751.64 spikes at zero and optimum nitrogen, had the minimum spike number per square meter (Table 4). In 2014/2015, the minimum spike number per square meter was observed in oat at zero and optimum nitrogen rate with 305 and 644.21 spikes; whereas, the maximum spike number was observed in two rowed barley with 1480.58 spikes at zero nitrogen rate and in six rowed barley with 1859 spikes at optimum nitrogen rate (Table 4). In both years, the most grain number per spike (71.63 and 69.62 grains) was obtained in oat and the minimum grain number per spike was associated with two rowed barley with 30.13 grains in the first year and 26.62 grains in the second year (Table 3). In the first year, the maximum grain weight was observed in two rowed barley (38.74 gr) and the second year, the highest grain weight was observed in triticale with 34.56 g. The least amount grain weight was observed in oat (26.72 and 26.81 g, respectively) in both years. The results demonstrated that year, cereal, nitrogen, year× cereal and year× nitrogen were significant on grain yield at one percent level (Table 2). Triticale with 1087.50 g.m–2 and in 681.36 g.m–2, had maximum grain yield in first and second years respectively. In both years, the least grain yield was observed in oat (Table 3).
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