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ABSTRACT 
 

A field experiment was conducted at the Agronomy Department Farm, Faculty of Agriculture, Assiut University during 
2015/2016 and 2016/2017 seasons to study the effect of preceding crop, rates and splitting of nitrogen fertilizer on bread wheat 
production and nitrogen use efficiency. The experiment was carried out in randomization complete block design (RCBD) using split-
split plot arrangement with three replications. Cropping system (corn-clover-wheat and corn-fallow-wheat) were assigned in main-plots 
while nitrogen fertilizer rates (56.25, 75.00 and 93.75 kg N/fed) were allotted in sub-plots and splitting doses of nitrogen (two, three and 
four equal doses) were allocated in sub-sub plots. The obtained data showed that plant height, spike length, number of spikes/m2, number 
of grains/spike, weight of grains/spike, seed index, grain yield, straw yield and nitrogen use efficiency were significantly affected by 
cropping sequence in favor of planting wheat after clover (fahl berseem) in the two growing seasons except nitrogen use efficiency in the 
first season. Increasing nitrogen fertilizer rates resulted in significant increase in all previous traits except nitrogen use efficiency trait 
which was decreased by increasing nitrogen fertilizer rates in both seasons. Moreover, splitting nitrogen rates into four equal doses 
significantly increased all studied traits as compared to three or two equal splits in the two growing seasons. Also, all interactions had a 
significant effect on all studied traits in both seasons. The highest mean values of grain yield (27.47 and 28.22 ard/fed in the first and 
second seasons, respectively) were obtained from the sequence of corn-clover-wheat when received highest nitrogen rate (93.75 kg 
N/fed) which was applied at four equal doses. 
Keywords: Bread wheat, Preceding crop, Nitrogen fertilizer rates and splitting number. 
 

INTRODUCTION 
 

Wheat crop (Triticum sp. L.) considers the most 
important cereal crop in the world with regard to cultivated 
area and production. The cultivated area of wheat in Egypt 
during 2018 season was about 1.32 million hectare with the 
total yield production of 8.45 metric ton (USDA, 2018). 
While the total consumption reached about 19.6 million 
metric ton. So, increasing wheat production in order to 
reduce the gap between production and consumption are the 
strategic aim. The previous aim could be occur by increasing 
soil fertility via legume crops or mineral fertilization.         

Crop rotations avoid yield depressions under 
monoculture which increase populations of microorganisms 
that are pathogenic and decrease population of antagonistic 
microorganisms in the crop root rhizosphere (Cook, 1984) 
and reduce production of phytoxic allelopathic chemicals 
and improve physical and chemical conditions of soil. 
Dogan and Bilgili (2010) indicated that both the previous 
crop and N fertilization treatments significantly affected all 
components of the winter wheat cultivars. There was a close 
relationship between N fertilization and yield components. 
In generally, a previous crop of alfalfa gave the highest value 
of all components. Hefny (2012) cleared that there were 
significant differences between crop sequences with wheat 
for plant height, number of spikes/m2, number of 
grains/spike, grains weight/spike, 1000-grain weight, grain 
yield, straw and biological yields/fed. Zaheer et al. (2015) 
noticed that plots grown with mungbean (sole) had higher N 
content at both occasions (before sowing 0.41 g kg-1 and 
after harvest 0.38 g kg-1) as compared with other cropping 
patterns. All parameters were significantly affected by 
cropping pattern and nitrogen application. Mungbean (sole) 
or intercropped with groundnut as preceding crop had 
significantly produced taller plants, more: grains spike-1, 
thousand grain weight, biological yield and grain yield. 

Nitrogen is an essential nutrient for growth, 
development and biomass production. It also plays 
important roles in physiological functions (Kaur et al. 
2016). El-Temsah (2017) revealed that yield components 
of wheat were significantly affected by nitrogen rates. 

Plant height, spikes number/m2, main spike length, main 
spike weight and grains number per main spike of wheat 
were markedly varied being in increasing order with 
different nitrogen rates 60, 80 and 100 kg N/fad. The 
application of 100 kg N/fad scored the maximum values of 
plant height (118.83 cm), spikes number/m2 (655.17), main 
spike length (13.09 cm), main spike weight (5.54 g) and 
grains numbers per main spike (69.33). Haque et al. (2017) 
reported that different N levels had a significant effect on 
the spike length, number of grains/spike, thousand grain 
weight, grain yield, straw yield and nitrogen use efficiency. 

Due to nitrogen loss through gaseous plant 
emission, soil denitrification, volatilization and leaching, N 
use efficiency for cereal production is low (33%) 
throughout the world. Usman and Ur-Rehman (2014) 
concluded that grain yield and yield components were 
significantly affected by N fertilizer timing and splitting. 
Application of nitrogen in three equal splits (50 kg N at 
sowing + 50 kg N at first irrigation + 50 kg N/ha at second 
irrigation) produced highest spike length (9.3 cm), spikes 
number/m2 (314), grains number/spike (51.9), 1000-grain 
weight (41.6 g) and grain yield (6250 kg ha-1). Singh et al. 
(2016) stated that the use of three split N applications 
increased all growth and yield attributes. The best N split 
strategy corresponded to three N splits: at planting, crown 
root initiation (CRI), and panicle initiation (PI) stages. 

The objective of this study is to investigate the effect 
of preceding crop, rates and splitting of nitrogen fertilizer on 
bread wheat production and nitrogen use efficiency. 
 

MATERIALS AND METHODS 
 

This investigation was carried out at Agronomy 
Department Farm, Faculty of Agriculture, Assiut 
University, during 2015/2016 and 2016/2017 seasons to 
study the effect of preceding crop, rates and splitting of 
nitrogen fertilizer on bread wheat (Sids-12 cultivar) 
production and nitrogen use efficiency. 

The experiment was carried out in randomization 
complete block design (RCBD) using split-split plot 
arrangement with three replications. The cropping system 
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(corn-clover-wheat and corn-fallow-wheat) were a signed in 
the main-plots while the nitrogen fertilizer rates (56.25, 75 
and 93.75 kg N/fed: application of 75, 100 and 125% of the 
recommended N fertilizer rate/fed, respectively) were 
distributed in the sub-plots and different split doses (two, 
three and four equal doses) were arranged in the sub-sub 
plots. The experimental unit area was 10.5 m2 (3×3.5) in 
each season. The clover (fahl berseem) was planted on 
September 22nd in both seasons. After cutting the clover crop 
on December 6th in both seasons then, wheat was sown on 
December 18th and 19th in 2015/2016 and 2016/2017 
seasons, respectively using broadcasting (conventional tilled 
flat method). 

The nitrogen fertilization rates were applied in the 
form of urea (46.5% N) as a source of nitrogen. 

The third variable was the splitting of nitrogen 
fertilization doses. The treatments in this respect were as 
follows: 

1. Splitting of nitrogen fertilization doses into two 
equal parts before the second and third irrigations 
(Sp2). 

2. Splitting of nitrogen fertilization doses into three 
equal parts before the second, the third and the 
fourth irrigation (Sp3). 

3. Splitting of nitrogen fertilization doses into four 
equal parts before the second, third, fourth and fifth 
irrigations (Sp4). 

The soil used for these experiments was clay and 
its structure as presented in Table 1. 
 

Table 1. Some mechanical properties of experimental 
site 

Particle size distribution (%) 
Soil Texture 

Sand Silt Clay 
8.64 28.00 63.36 Clay 

 

Table 2. Some chemical properties of experimental site 

Type of soil 
2015/2016 2016/2017 

Organic 
matter % 

Available elements per mg/kg soil Organic 
matter % 

Available elements per mg/kg soil 
N P K N P K 

Before cultivation 1.59 70.00 89.60 880.00 1.42 82.00 96.00 780.00 
After clover 1.81 111.70 106.70 680.00 1.94 140.90 146.00 860.00 
After fallow-wheat 1.28 100.00 84.45 540.00 1.61 107.80 76.55 780.00 
After clover-wheat 1.59 105.80 86.25 720.00 2.27 103.00 169.40 920.00 

 

The above analysis was carried out in the 
Agricultural Research Center Soil, Water & Environment 
Research. Institute Unit of Analysis & Studies, Faculty of 
Agriculture, Assiut University. 

At harvest, number of spikes/m2 for each 
experimental unit was recorded then ten guarded stems 
were taken randomly from each experimental unit and the 
follow traits were measured i.e. plant height (cm), spike 
length (cm), grains number/spike, grains weight/spike (g) 
and seed index (g). 
Grain yield/fed: All harvested plants for each 
experimental unit were threshed then grain weighted and 
transferred into ardab/fed (ardab =150 kg, fed = 4200 m2). 

Straw yield for each plot was weighted then 
transferred into ton/fed. 
Nitrogen Use Efficiency (NUE): The nitrogen use efficiency 
was judged by the quantity of grain yield produced per kg N 
applied (kg grains/kg N) according to Ali (2011). 
Statistical analysis: 

Using CoStat  (Version 6.303, CoHort, USA, 
1998–2004). The significant means of any trait studied 
were compared using LSR at 5% probability level 
according to Gomez and Gomez (1984). 

 

RESULTS AND DISCUSSION 
 

Yield attributes: 
The results demonstrated in Tables 3 to 8 indicate 

that plant height, spike length, spikes number/m2, grains 
number/spike, grains weight/spike and seed index traits 
were affected significantly by cropping sequence in both 
seasons. In generally, planting wheat after a legume crop 
produced the maximum yield and its components as 
compared with planting wheat after fallow. The sequence 
of corn-clover-wheat produced the highest mean value of 
mentioned traits (105.10 cm, 11.84 cm, 412.59, 75.66, 3.29 
g and 48.51g of plant height, spike length, spikes 

number/m2, grains number/spike, grains weight/spike and 
seed index in first season, respectively being 111.88 cm, 
12.70 cm, 454.37, 67.13, 3.01 g and 46.84 g in the second 
season in the same order). This trend could be ascribed to 
the legume ability of fix atmospheric N2, thereby 
increasing soil N as indicated in Table 2. This in turn may 
enhance the photosynthesis process and consequently 
increasing the metabolites synthesized in wheat plant. 
Similar results were obtained by Said (2007), Dogan and 
Bilgili (2010), Hefny (2012) and Zaheer et al. (2015). 

Data presented in the same Tables reveal that 
nitrogen fertilizer rates had a significant influence on above 
mentioned traits in the both seasons. Maximum mean values 
of plant height, spike length, spikes number/m2, grains 
number/spike, grains weight/spike and seed index were 
noted when 93.75 kg N/fed was applied in both seasons. The 
increased in the plant height and spike length due to N 
fertilizer could be ascribed to the role of N in stimulating cell 
division and elongation, consequently internodes elongation 
in addition and development. Also, it is clear from these data 
that N fertilization enhanced the vegetative growth of the 
plants; increased photosynthetic activity and the metabolites 
required to produce vigorous growth and consequently 
produced maximum yield and its components. These results 
are harmony with those obtained by Dogan and Bilgili 
(2010), Abedi et al. (2011), El-Agrodi et al. (2011), Mandic 
et al. (2015), Zaheer et al. (2015), Mansour et al. (2016), El-
Temsah (2017) and Haque et al. (2017). 

Here too, the illustrated data focus that the above 
mentioned traits reacted significantly to split nitrogen 
fertilizer in both seasons. The highest mean values of these 
traits (102.49 cm, 11.74 cm, 425.78, 76.55, 3.31g and 47.04 
g of plant height, spike length, spikes number/m2, grains 
number/spike, grains weight/spike and seed index in first 
season, respectively being 108.00 cm,12.98 cm, 477.33, 
69.25, 3.19 g and 47.26 g in the second season in the same 
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order) were recorded when N fertilizer was applied in four 
equal doses before the second, third, fourth and fifth 
irrigations. Otherwise, the lowest mean values of these 
characters were obtained when N fertilizer was applied in 
two equal doses before the second and third irrigations in 
both seasons. The present trend could be ascribed to the 
splitting nitrogen fertilizer may decrease the rate of leaching 
and splitting the fertilizers at different stages of growth is 
very important to face the different requirements of nitrogen. 
This could maximize the benefit of N. These results are in 
line with those obtained by Abedi et al. (2011), El-Agrodi et 
al. (2011), Ercoli et al. (2013), Usman and Ur-Rehman 
(2014) and Singh et al. (2016). 

Furthermore, the first order interaction of cropping 
sequence × N rates proved to be significant on plant height, 

spike length, spikes number/m2, grains number/spike, grains 
weight/spike and seed index in both seasons. The highest 
mean values of these traits were obtained from the sequence 
of corn-clover-wheat with 93.75 kg N/fed in both seasons. 
Here too, the first order interaction of cropping sequence × 
splitting number turned to be significant in this respect in 
both seasons. The highest mean values of these traits were 
obtained from the sequence of corn-clover-wheat with four 
equal doses of N application in both seasons. Also, the first 
order interaction of N rates × splitting number proved to be 
significant in this respect in both seasons. The highest mean 
values of these traits were obtained from wheat plants 
fertilized by 93.75 kg N/fed when it applied at four equal 
doses in both seasons. In addition, the second order 
interaction was significant in this respect in both seasons. 

Table 3. Effect of crop sequence, N rates, splitting and their interactions involved on plant height (cm).  

Seasons 

cropping 
sequence Corn-Clover-Wheat 

Mean 
Corn-Fallow-Wheat 

Mean 
N× SP 

Mean N rates (N) 
Splitting (Sp) N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 102.10F 102.60EF 103.70DE 102.80c 95.67J 96.27IJ 97.03HI 96.32e 98.88e 99.43e 100.37d 99.56C 
Sp3 104.47CD 105.47BC 106.67AB 105.53b 96.80H-J 97.10HI 98.17GH 97.36d 100.63d 101.28cd 102.42ab 101.44B 
Sp4 106.33B 106.80AB 107.80A 106.98a 97.53G-I 97.77GH 98.70G 98.00d 101.93bc 102.28b 103.25a 102.49A 

Mean 104.30 C 104.96B 106.06A 105.10 96.67E 97.04E 97.97D 97.23 100.48C 101.00B 102.01A -- 

2016-17 
Sp2 106.00C 108.40C 112.67B 109.02c 91.50H 98.40F 98.73F 96.21f 98.75g 103.40ef 105.70d 102.62C 
Sp3 107.77C 113.37B 114.17B 111.77b 95.87G 99.73EF 101.80DE 99.13e 101.82f 106.55cd 107.98bc 105.45B 
Sp4 112.93B 114.07B 117.57A 114.86a 97.20FG 103.23D 103.00D 101.14d 105.07de 108.65ab 110.28a 108.00A 

Mean 108.90B 111.94AB 114.80A 111.88 94.86D 100.46C 101.18C 98.83 101.88B 106.20A 107.99A -- 
F test for cropping sequence   2015/2016         2016/2017                *and  **: significant at 5% level of probability 

Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
C: Cropping system (Corn-Clover-Wheat & Corn-fallow-Wheat), N: N rates (N1, N2 and N3: application of 56.25, 75.00 and 93.75 kg N/fed, 
respectively), Sp: Splitting number (Sp2, Sp3 and Sp4: two, three and four equal doses, respectively) 
N ABC C×N ABC N×SP abc 
SP ABC C×SP abc C×N×SP ABC 
 

Table 4. Effect of crop sequence, N rates, splitting and their interactions involved on spike length (cm).  

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 
Mean 

Corn-Fallow-Wheat 
Mean 

N× SP 
Mean 

N rates (N) 
Splitting (Sp) 

N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 10.83F-H 11.33C-E 11.70BC 11.29c 10.00I 10.47H 10.83F-H 10.43e 10.42e 10.90d 11.27c 10.86C 
Sp3 11.40C-E 11.93B 12.43A 11.92b 10.50H 10.87F-H 11.10E-G 10.82d 10.95d 11.40c 11.77b 11.37B 
Sp4 11.83B 12.40A 12.73A 12.32a 10.73GH 11.17D-F 11.57B-D 11.16c 11.28c 11.78b 12.15a 11.74A 

Mean 11.36B 11.89A 12.29A 11.84 10.41D 10.83CD 11.17BC 10.80 10.88C 11.36B 11.73A -- 

2016-17 
Sp2 11.47J 11.70H-J 12.20D-I 11.79d 10.90K 11.53J 11.87F-J 11.43e 11.18f 11.62e 12.03d 11.61C 
Sp3 12.23D-H 12.40C-F 13.50B 12.71b 11.63IJ 11.80G-J 12.33D-G 11.92d 11.93de 12.10cd 12.92b 12.32B 
Sp4 12.97C 13.57B 14.23A 13.59a 11.90E-J 12.47C-E 12.73CD 12.37c 12.43c 13.02b 13.48a 12.98A 

Mean 12.22BC 12.56B 13.31A 12.70 11.48D 11.93CD 12.31BC 11.91 11.85C 12.24B 12.81A -- 
F test for cropping sequence   2015/2016         2016/2017           * and **: significant at 5% and 1 % level of probability, respectively. 

Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
 

Table 5. Effect of crop sequence, N rates, splitting and their interactions involved on number of spike/m2. 

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 

Mean 

Corn-Fallow-Wheat 

Mean 

N× SP 

Mean N rates (N) 
Splitting 

(Sp) 
N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 328.00J 373.33FG 420.00D 373.78d 305.33K 334.67J 368.00GH 336.00e 316.67h 354.00g 394.00d 354.89C 
Sp3 354.67HI 397.33E 488.00B 413.33b 334.67J 360.00G-I 425.33D 373.33d 344.67g 378.67e 456.67b 393.33B 
Sp4 386.67EF 434.67D 530.67A 450.67a 344.00IJ 396.00E 462.67C 400.89c 365.33f 415.33c 496.67a 425.78A 

Mean 356.44C 401.78B 479.56A 412.59 328.00D 363.56C 418.67B 370.07 342.22C 382.67B 449.11A -- 

2016-17 
Sp2 345.33H-J 384.00F-H 474.67A-C 401.33c 313.33J 333.33IJ 381.33F-I 342.67d 329.33e 358.67e 428.00cd 372.00C 
Sp3 437.33C-E 462.67B-D 496.00AB 465.33b 364.00G-I 417.33D-F 481.33A-C 420.89c 400.67d 440.00c 488.67ab 443.11B 
Sp4 473.33A-C 494.67AB 521.33A 496.44a 405.33E-G 460.00B-D 509.33AB 458.22b 439.33c 477.33b 515.33a 477.33A 

Mean 418.67BC 447.11B 497.33A 454.37 360.89D 403.56C 457.33B 407.26 389.78C 425.33B 477.33A -- 
F test for cropping sequence   2015/2016         2016/2017            *: significant at 5% level of probability 

Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
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Table 6. Effect of crop sequence, N rates, splitting and their interactions involved on number of grains/spike. 

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 
Mean 

Corn-Fallow-Wheat 
Mean 

N× SP 
Mean 

N rates (N) 
Splitting (Sp) 

N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 66.03H-J 71.93D-G 74.33D-F 70.77cd 62.10J 65.07IJ 67.83G-I 65.00e 64.07d 68.50c 71.08c 67.88C 
Sp3 71.30D-H 71.73D-G 82.77AB 75.27b 64.97IJ 69.27E-I 70.47E-I 68.23d 68.13c 70.50c 76.62b 71.75B 
Sp4 74.73DE 80.37BC 87.73A 80.94a 68.70F-I 71.27D-H 76.50CD 72.16c 71.72c 75.82b 82.12a 76.55A 

Mean 70.69BC 74.68B 81.61A 75.66 65.26D 68.53CD 71.60BC 68.46 67.97C 71.61B 76.61A -- 

2016-17 
Sp2 60.80FG 62.30D-F 63.43D-F 62.18c 53.73H 53.93H 60.10FG 55.92d 57.27e 58.12de 61.77cd 59.05C 
Sp3 63.10D-F 66.70B-E 70.83B 66.88b 56.33GH 60.37FG 65.10C-F 60.60c 59.72de 63.53c 67.97b 63.74B 
Sp4 66.87B-E 71.93B 78.17A 72.32a 61.50E-G 67.43B-D 69.60BC 66.18b 64.18c 69.68b 73.88a 69.25A 

Mean 63.59C 66.98B 70.81A 67.13 57.19E 60.58D 64.93BC 60.90 60.39C 63.78B 67.87A -- 
F test for cropping sequence   2015/2016         2016/2017 

* and **: significant at 5% and 1 % level of probability, respectively. 
Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
 

Table 7. Effect of crop sequence, N rates, splitting and their interactions involved on weight of grains/spike (g). 

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 
Mean 

Corn-Fallow-Wheat 
Mean 

N× SP 
Mean 

N rates (N) 
Splitting (Sp) 

N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 2.78G-I 2.91FG 3.11EF 2.93c 2.43J 2.55IJ 2.65H-J 2.54e 2.60f 2.73ef 2.88de 2.74C 
Sp3 3.22DE 3.24C-E 3.41B-D 3.29b 2.62H-J 2.81GH 2.91FG 2.78d 2.92d 3.03cd 3.16bc 3.04B 
Sp4 3.47BC 3.56B 3.86A 3.63a 2.80GH 2.92FG 3.26C-E 2.99c 3.14bc 3.24b 3.56a 3.31A 

Mean 3.16B 3.24B 3.46A 3.29 2.62E 2.76D 2.94C 2.77 2.89C 3.00B 3.20A -- 

2016-17 
Sp2 2.56HI 2.71GH 2.97C-F 2.75d 2.48I 2.60HI 2.87E-G 2.65d 2.52e 2.65d 2.92c 2.70C 
Sp3 2.73GH 2.99C-F 3.24B 2.99b 2.61HI 2.82FG 3.17BC 2.87c 2.67d 2.91c 3.21b 2.93B 
Sp4 3.05B-E 3.25B 3.61A 3.30a 2.90D-G 3.09B-D 3.22B 3.07b 2.98c 3.17b 3.41a 3.19A 

Mean 2.78CD 2.98BC 3.27A 3.01 2.66D 2.83CD 3.09AB 2.86 2.72C 2.91B 3.18A -- 
F test for cropping sequence   2015/2016         2016/2017 

*: significant at 5% level of probability 
Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
 

Table 8. Effect of crop sequence, N rates, splitting and their interactions involved on seed index (g). 

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 
Mean 

Corn-Fallow-Wheat 
Mean 

N× SP 
Mean 

N rates (N) 
Splitting (Sp) 

N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 43.75E-G 47.85CD 48.10CD 46.57c 40.53J 41.72H-J 42.85F-H 41.70e 42.14f 44.78de 45.48d 44.13C 
Sp3 46.95D 49.10BC 50.02B 48.69b 41.15IJ 42.62G-I 43.42E-G 42.39e 44.05e 45.86cd 46.72bc 45.54B 
Sp4 48.18CD 49.75B 52.87A 50.27a 42.37G-I 44.38EF 44.70E 43.82d 45.28d 47.07b 48.78a 47.04A 

Mean 46.29C 48.90B 50.33A 48.51 41.35E 42.91D 43.66D 42.64 43.82C 45.90B 46.99A -- 

2016-17 
Sp2 43.47J-L 45.58E-I 46.75B-E 45.27cd 42.37L 44.08I-K 44.77G-J 43.74e 42.92e 44.83cd 45.76c 44.50C 
Sp3 45.73D-H 46.70B-E 47.88BC 46.77b 43.05KL 44.93F-J 46.50C-F 44.83d 44.39d 45.82c 47.19b 45.80B 
Sp4 47.10B-E 48.25B 50.05A 48.47a 44.55H-K 46.32C-G 47.30B-D 46.06bc 45.83c 47.28b 48.68a 47.26A 

Mean 45.43BC 46.84AB 48.23A 46.84 43.32D 45.11C 46.19BC 44.87 44.38C 45.98B 47.21A -- 
F test for cropping sequence   2015/2016         2016/2017 

**: significant at 1% level of probability                   
Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
 

The highest mean values of these traits were 
obtained from the sequence of corn-clover-wheat with high 
N rate (93.75 kg N/fed) when it applied at four equal doses 
in both seasons. 
Grain and straw yield traits: 

The results obtained in Tables 9 and 10 emphasize 
clearly that the effect of cropping sequence on grain and 
straw yield was significant in both seasons. The data showed 
that the sequence of corn-clover-wheat produced highest 
grain and straw yield when compared with the sequence of 
corn-fallow-wheat. The highest mean values of mentioned 
traits (23.77 ard /fed and 5.13 ton/fed of grain and straw 
yield in the first season, respectively being 24.47 ard/fed and 
5.97 ton/fed in the second season in the same order) were 
produced from the sequence of corn-clover-wheat. The 
present trend is to be expected from the yield attributes had 

the same line. These results are in accordance with those 
obtained by Said (2007), Dogan and Bilgili (2010), Hefny 
(2012) and Zaheer et al. (2015). 

Regarding nitrogen fertilizer rates the results in the 
same Tables show that grain and straw yield were 
significantly affected by nitrogen fertilizer rates in both 
seasons. Application of 93.75 kg N/fed achieved the 
highest value of these traits (24.55 ard /fed and 4.95 ton/fed 
of grain and straw yield in the first season, respectively 
being 24.18 ard/fed and 5.60 ton/fed in the second season 
in the same order). The present trend is to be expected 
from the yield attributes had the same line. The increments 
in yield and its attributes of wheat with increasing N rates 
up to adequate N need might be attributed to the effective 
role of N as an essential constituent of chlorophyll on dry 
matter accumulation. N fertilizer influences the production 
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of carbohydrates by affecting the mean leaf area available 
to intercept solar radiation and absorb CO2, promoting the 
efficiency of photosynthesis process. Also, the significant 
enhancement of yield components in increasing order with 
different nitrogen rates can be credited to higher dose of 
nitrogen, which greatly helps the plant to expose its 
potential to grow potentially.  These results are in general 
agree with those reported by Abedi et al. (2011), El-Agrodi 
et al. (2011), Haile et al. (2012), Mandic et al. (2015), 
Zaheer et al. (2015), Mansour et al. (2016), El-Temsah 
(2017) and Haque et al. (2017). 

From the data presented in the same Tables indicate 
that the effect of split nitrogen fertilizer on straw and grain 
yield was significant in both seasons. Grain and straw yield 

from four equal split doses of N applications were 
generally better than of two or three equal split doses. 
Additionally, these traits of three applications were 
superior to two applications of N. The highest mean values 
of these characters (23.58 ard /fed and 4.90 ton/fed of grain 
and straw yield in the first season, respectively being 24.74 
ard/fed and 5.47 ton/fed in the second season in the same 
order) was recorded when N fertilizer was applied in four 
equal split doses before the second, third, fourth and fifth 
irrigations. The present trend is to be expected from the 
yield attributes had the same line. These results are 
confirmed by Abedi et al. (2011), El-Agrodi et al. (2011), 
Haile et al. (2012), Ercoli et al. (2013), Usman and Ur-
Rehman (2014) and Singh et al. (2016). 

 

Table 9. Effect of cropping sequence, N rates, splitting and their interactions involved on grain yield ardab/fed. 

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 
Mean 

Corn-Fallow-Wheat 
Mean 

N× SP 
Mean 

N rates (N) 
Splitting (Sp) 

N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 19.69I-K 21.78E-G 24.62C 22.03c 17.11L 18.89JK 20.93G-I 18.98e 18.40g 20.33f 22.78cd 20.50C 
Sp3 22.04E-G 23.82CD 26.40AB 24.09b 18.67K 20.22H-J 23.02DE 20.64d 20.36f 22.02de 24.71b 22.36B 
Sp4 22.84D-F 25.29BC 27.47A 25.20a 19.60I-K 21.42F-H 24.84C 21.96c 21.22ef 23.36c 26.16a 23.58A 

Mean 21.53BC 23.63B 26.16A 23.77 18.46D 20.18CD 22.93B 20.52 19.99C 21.90B 24.55A -- 

2016-17 
Sp2 20.67F-H 21.38E-H 25.02B-D 22.36c 16.18I 18.98H 20.40F-H 18.52e 18.42f 20.18e 22.71cd 20.44C 
Sp3 23.07D-F 23.07D-F 25.73A-C 23.96b 19.91GH 20.67F-H 22.00E-G 20.86d 21.49de 21.87de 23.87bc 22.41B 
Sp4 26.18A-C 26.89AB 28.22A 27.10a 21.38E-H 22.09E-G 23.69C-E 22.39c 23.78bc 24.49ab 25.96a 24.74A 

Mean 23.30BC 23.78AB 26.33A 24.47 19.16D 20.58CD 22.03B-D 20.59 21.23B 22.18B 24.18A -- 
F test for cropping sequence   2015/2016         2016/2017 

* and **: significant at 5% and 1 % level of probability, respectively. 
Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
 

Table 10. Effect of cropping sequence, N rates, splitting and their interactions involved on straw yield ton/fed. 

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 
Mean 

Corn-Fallow-Wheat 
Mean 

N× SP 
Mean 

N rates (N) 
Splitting (Sp) 

N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 4.96B-D 4.87CD 5.37AB 5.07a 3.81F 3.83EF 4.22EF 3.95c 4.39cd 4.35d 4.80b 4.51B 
Sp3 4.91CD 4.89CD 5.30A-C 5.04a 3.90EF 4.01EF 4.08EF 4.00c 4.41cd 4.45cd 4.69bc 4.52B 
Sp4 4.79D 5.41AB 5.63A 5.28a 4.28E 4.19EF 5.12B-D 4.53b 4.54b-d 4.80b 5.38a 4.90A 

Mean 4.89BC 5.06AB 5.44A 5.13 4.00D 4.01D 4.47C 4.16 4.44B 4.53B 4.95A -- 

2016-17 
Sp2 5.37C-E 5.83B-D 6.24AB 5.81a 4.28G 4.30G 4.53E-G 4.37b 4.82c 5.06bc 5.39a-c 5.09B 
Sp3 5.76B-D 6.05A-C 6.01A-C 5.94a 4.49FG 4.55E-G 5.15D-F 4.73b 5.13bc 5.30a-c 5.58ab 5.34AB 
Sp4 6.22AB 5.63B-D 6.67A 6.17a 4.63E-G 4.69E-G 5.00D-G 4.77b 5.42ab 5.16bc 5.83a 5.47A 

Mean 5.78A 5.83A 6.30A 5.97 4.47B 4.51B 4.90B 4.63 5.12B 5.17B 5.60A -- 
F test for cropping sequence   2015/2016         2016/2017 

* and **: significant at 5% and 1 % level of probability, respectively. 
Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
 

In case of interaction effects in this respect, the data 
presented show that the first order interaction of cropping 
sequence × N rates proved to be significant on grain and 
straw yield in both seasons. The highest mean values of 
these traits were obtained from the sequence of corn-clover 
wheat when received 93.75 kg N/fed in both seasons. Here 
too, the first order interaction of cropping sequence × 
splitting number turned to be significant in this respect in 
both seasons. The highest mean values of these traits were 
obtained from the sequence of corn-clover-wheat with four 
equal split doses of N application in both seasons. Also, the 
first order interaction of N rates × splitting number proved to 
be significant in this respect in both seasons. The highest 
mean values of these traits were obtained from wheat plants 
fertilized by 93.75 kg N/fed applied at four equal split doses 

in both seasons. In addition, the second order interaction was 
significant in this respect in both seasons. The highest mean 
values of these traits were obtained from the sequence of 
corn-clover-wheat with highest N rate (93.75 kg N/fed) 
when it applied at four equal doses in both seasons.  
Nitrogen Use Efficiency (NUE): 

Results recorded in Table 11 show that nitrogen use 
efficiency tended to be reacted significantly to cropping 
sequence in the second season only. However, the data in 
the first season was not significant. Planting wheat after 
clover improved this trait as compared with planting wheat 
after fallow. The highest mean values of NUE (48.84 and 
50.61 kg grains/kg N applied in the first and second 
seasons, respectively) were produced from the sequence of 
corn-clover-wheat. The lowest mean value of NUE (42.09 
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and 42.49 kg grains/kg N applied in the first and second 
seasons, respectively) was obtained from the sequence of 
corn-fallow-wheat. These results are in agreement with 
those mentioned by Rahimizadeh et al. (2010). 

The application of N fertilizer rates had a significant 
influence on NUE in the two growing seasons. Increasing 
nitrogen rates decreased NUE values although higher N rates 
generally led to higher yield. Application of 56.25 kg N/fed 
were more effective compared with the other N rates in both 
seasons. Maximum mean values of nitrogen use efficiency 
(53.31 and 56.61 kg grains/kg N in the first and second 
seasons, respectively) were noted when 56.25kg N/fed was 
used. The minimum mean values of nitrogen use efficiency 
(39.28 and 38.68 kg grains/kg N in the first and second 
seasons, respectively) were recorded when 93.75 kg N/fed 
was applied in both seasons. NUE was reduced in highest N 
level. This can be attributed to N loss in ecosystem. These 
results are in line with those obtained by Haile et al. (2012), 
Mandic et al. (2015) and Haque et al. (2017). 

Illustrated data in the same Table reveal that split 
nitrogen fertilizer had a significant influence on nitrogen 
use efficiency in the two growing seasons. Nitrogen use 
efficiency was increased by increasing splitting numbers. 
Splitting N into four equal doses resulted in the highest 
mean values of NUE (48.38 and 51.30 kg grains/kg N 
applied in first and second seasons, respectively). The 
lowest mean values of NUE (42.06 and 41.94 kg grains/kg 
N applied in first and second seasons, respectively) were 
observed when application the fertilizer in two equal split 
doses before the second and third irrigations. It is clear 
from these data that when a large percentage of nitrogen is 
used before the second and third irrigations, the loss of 
nitrate due to leaching in early irrigations increases and 

nitrogen use efficiency decreases. Therefore, several 
application of nitrogen fertilizer at different growth stages 
is highly important for increasing nitrogen use efficiency. It 
seems that the efficient utilization of nitrogen by plants 
reflected to higher grain yield and highest mean values of 
NUE. These results are in the same context of those 
obtained by Haile et al. (2012) and Ercoli et al. (2013). 

Concerning the interactions involved in this respect, 
the data presented in the same Table show that the first 
order interaction of cropping sequence × N rates proved to 
be significant in the two growing seasons. The highest 
mean values of NUE (57.40 and 62.14 kg grains/kg N 
applied in first and second seasons, respectively) was 
obtained from the sequence of corn-clover-wheat when 
received 56.25 kg N/fed. Here too, the first order 
interaction of cropping sequence × splitting number turned 
to be significant in this respect in both seasons. The highest 
mean value of NUE (51.81 and 56.25 kg grains/kg N 
applied in first and second seasons, respectively) was 
obtained from the sequence of corn-clover-wheat with four 
equal doses of N application. Also, the first order 
interaction of N rates × splitting number proved to be 
significant in this respect through the two growing seasons. 
The highest mean values of NUE (56.59 and 63.41 kg 
grains/kg N applied in first and second seasons, 
respectively) was obtained from wheat plants fertilized by 
56.25 kg N/fed applied at four equal doses. In addition, the 
second order interaction was significant in this respect in 
both seasons. The highest mean values of NUE (60.92 and 
69.81 kg grains/kg N applied in the first and second 
seasons, respectively) was obtained from the sequence of 
corn-clover-wheat with lowest N rate (56.25 kg N/fed) 
when it applied at four equal doses. 

 

Table 11. Effect of crop sequence, N rates, splitting and their interactions involved on NUE (kg grains/kg N). 

Seasons 

cropping 
sequence 

Corn-Clover-Wheat 
Mean 

Corn-Fallow-Wheat 
Mean 

N× SP 
Mean 

N rates (N) 
Splitting (Sp) 

N1 N2 N3 N1 N2 N3 N1 N2 N3 

2015-16 
Sp2 52.50B 43.56EF 39.40H-J 45.15c 45.63DE 37.78IJ 33.49K 38.97e 49.07c 40.67fg 36.44h 42.06C 
Sp3 58.79A 47.64CD 42.24F-H 49.56b 49.78BC 40.44G-I 36.84J 42.35d 54.28b 44.04e 39.54g 45.95B 
Sp4 60.92A 50.58BC 43.95EF 51.81a 52.27B 42.84E-G 39.75H-J 44.95c 56.59a 46.71d 41.85f 48.38A 

Mean 57.40A 47.26B 41.86C 48.84 49.22B 40.36CD 36.69D 42.09 53.31A 43.81B 39.28C -- 

2016-17 
Sp2 55.11C 42.76DE 40.04D-F 45.97c 43.14DE 37.96E-G 32.64G 37.91d 49.13c 40.36de 36.34f 41.94C 
Sp3 61.51B 46.13D 41.17DE 49.61b 53.10C 41.33DE 35.20FG 43.21c 57.30b 43.73d 38.19ef 46.41B 
Sp4 69.81A 53.78C 45.16D 56.25a 57.01BC 44.18D 37.90E-G 46.36c 63.41a 48.98c 41.53de 51.30A 

Mean 62.14A 47.56BC 42.12CD 50.61 51.08B 41.16DE 35.25E 42.49 56.61A 44.36B 38.68C -- 
F test for cropping sequence   2015/2016         2016/2017 

NS and *: not significant and significant at 5% level of probability, respectively. 
Mean followed by the same letter are not significantly different at the 0.05 level by Duncan's multiple range test. 
 

CONCLUSION 
 

From the obtained results the highest wheat yield 
obtained by planting wheat after clover and fertilized it by 
93.75 kg N/fed added at four equal doses under the same 
condition.    
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  السماد النيتروجيني على إنتاج قمح الخبز وكفاءة إستخدام النيتروجين وتجزئة إضافة تأثير المحصول السابق ومعدHت
  1محمد ثروت سعيد و 1السعدي عبد الحميد علي ،2حسانين جمعة حسانين ،1السيد محمود محمد شلبي ،1جاد آيات بكر حسن

  مصر –جامعة أسيوط –كلية الزراعة  –المحاصيل قسم  1
  مصر –جامعة أسيوط –كلية الزراعة  –قسم اHراضي والمياه  2
  

وذلك لدراسة  2016/2017,  2015/2016أجريت تجربة حقلية بمزرعة قسم المحاصيل, كلية الزراعة بجامعة أسيوط خTل موسمي 
. وقد استخدم تصميم القطاعات على إنتاج قمح الخبز وكفاءة إستخدام النيتروجينتأثير المحصول السابق ومعدzت وتقسيم السماد النيتروجيني 

- بور- قمح، ذرة شامية- برسيم فحل- الكاملة العشوائية بترتيب القطع المنشقة مرتين بثTث مكررات. وقد رتبت نظم تعاقب المحاصيل (ذرة شامية
) عينت في القطع المنشقة اzولى, أما تقسيم الجرعات السمادية 93.75، 75, 56.25مح) في القطع الرئيسية بينما معدzت التسميد النيتروجيني(ق

ھا تمن النيتروجين(جرعتين, ثTث جرعات، أربع جرعات متساوية) وزعت في القطع المنشقة الثانية. أشارت النتائج إلي أن الصفات التي تم دراس
حبوب وھي ارتفاع النبات, طول السنبلة، عدد السنابل في المتر المربع, عدد الحبوب في السنبلة, وزن حبوب السنبلة, وزن اzلف حبة, محصول ال

ذه للفدان، محصول القش للفدان وكفاءة استخدام النيتروجين تأثرت معنوياً بنظم تعاقب المحاصيل حيث تم الحصول على اعلى متوسطات لقيم ھ
زيادة المعدzت السمادية من النيتروجين إلي  تالصفات عند إتباع نظام التعاقب الخاص بزراعة القمح بعد البرسيم الفحل لكT الموسمين.كما أد

سيم زيادة معنويه فى الصفات التي تم دراستھا ولكن أدت إلي نقص في كفاءة إستخدام النيتروجين في كT الموسمين. عTوة على ذلك, فإن تق
وية او معدzت النيتروجين إلي أربع جرعات متساوية نتج عنھا زيادة معنوية في الصفات التي تم دراستھا مقارنةً بتقسيمھا إلي ثTث جرعات متسا
أعلى  جرعتين متساويتين خTل موسمي النمو. أيضا التفاعTت بين العوامل المختلفة أثرت معنويا علي الصفات. وبصفة عامة يمكن القول بان

برسيم - أمكن الحصول عليه عندما أتبع نظام التعاقب المحصولي ذرة شاميةأردب حبوب/فدان  28.22و 27.47كان  محصول من الحبوب للفدان
  كجم نيتروجين/فدان يتم إضافتھا على أربع جرعات متساوية في الموسم ا©ول والثاني على التوالي. 93.75قمح وتم التسميد بمعدل - فحل


