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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/m?, 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
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N/fed) which was applied at four equal doses.
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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/m’, 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 and
after harvest 0.38 g kg') 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”,
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/m’, 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/m’ (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/m” (314), grains number/spike (51.9), 1000-grain
weight (41.6 g) and grain yield (6250 kg ha™). 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 m” (3x3.5) in
each season. The clover (fahl berseem) was planted on
September 22 in both seasons. After cutting the clover crop
on December 6" in both seasons then, wheat was sown on
December 18" and 19" in 20152016 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.

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 (Sp;).

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

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

The third variable was the splitting of nitrogen 236]:1(1 2881:;0 6C31?é a
e L . . . ay
fertilization doses. The treatments in this respect were as
follows:
Table 2. Some chemical properties of experimental site
2015/2016 2016/2017
Type of soil Organic _ Available elements per mg/kg soil Organic _Available elements per mg/kg soil
matter % N P K matter % 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 86.25 720.00 227 103.00 169.40 920.00

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/m* 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 m?).

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/m’, 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/m’, 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 N,, 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 ef 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/m’, 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/m’, 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  spike length, spikes number/m’, grains number/spike, grains
equal doses before the second, third, fourth and fifth  weight/spike and seed index in both seasons. The highest
irrigations. Otherwise, the lowest mean values of these  mean values of these traits were obtained from the sequence
characters were obtained when N fertilizer was applied in  of corn-clover-wheat with 93.75 kg N/fed in both seasons.
two equal doses before the second and third irrigations in ~ Here too, the first order interaction of cropping sequence x
both seasons. The present trend could be ascribed to the  splitting number turned to be significant in this respect in
splitting nitrogen fertilizer may decrease the rate of leaching  both seasons. The highest mean values of these traits were
and splitting the fertilizers at different stages of growth is  obtained from the sequence of corn-clover-wheat with four
very important to face the different requirements of nitrogen.  equal doses of N application in both seasons. Also, the first
This could maximize the benefit of N. These results are in  order interaction of N rates X splitting number proved to be
line with those obtained by Abedi ez al. (2011), El-Agrodi er  significant in this respect in both seasons. The highest mean
al. (2011), Ercoli et al. (2013), Usman and Ur-Rehman  values of these traits were obtained from wheat plants
(2014) and Singh et al. (2016). fertilized by 93.75 kg N/fed when it applied at four equal

Furthermore, the first order interaction of cropping doses in both seasons. In addition, the second order
sequence X N rates proved to be significant on plant height,  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).

:zogg:;% Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
S N r(zlltes ™) Mean Mean Mean
Splitting (Sp) Ni N, N N N, N; N, N, N;
Sp, 102.10° 102,60 103.70™ 102.80° 9567  9627" 97.03" 9632° 9888 99.43° 10037° 99.56

2015-16  Sp; 10447 105.47°¢ 106.67"° 105.53° 96.80"™"  97.10™ 9817 9736 100.63 101.28* 102.42™ 101.44°
Sps 10633%  106.80"® 107.80" 10698* 97.53%" 9777 9870° 98.00° 101.93™ 102.28° 103.25* 102.49"

Mean 10430€ 104965 106.06° 10510 96675 97045 97972 9723 10048° 101.00° 102.01* -
Sp, 106.00° 10840° 112.67° 109.02¢ 91.50"  9840° 98.73" 9621 98.75¢ 10340 105.70° 102.62¢

2016-17  Sps 107.77°  11337°  11417° 111.77° 9587  99.73% 101.80° 99.13* 101.82" 106.55 107.98" 10545
Sps 11293%  11407°  117.57% 11486 9720 10323 103.00° 101.14° 105.07* 108.65° 110.28" 108.00"

Mean 108908 111.94°% 11480 111.88 94.862 100465 101.18¢ 9883 101.88% 10620* 107.99* -

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 (N;, N, and N;: application of 56.25, 75.00 and 93.75 kg N/fed,

respectively), Sp: Splitting number (Sp,, Sp; and Sp,: two, three and four equal doses, respectively)

N 48C CxN ABC NxSP abe
SP ABC CxSp abe CxNxSP ABC
Table 4. Effect of crop sequence, N rates, splitting and their interactions involved on spike length (cm).
cropping Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
Seasons gigltl::(c;) Mean Mean Mean
Splitting (Sp) Nl Nz N3 Nl Nz N3 Nl Nz N3
Sp> 10.837 11.33°F 11.70%¢ 1129°  10.00' 10477 10.83™ 1043 10.42° 10.90° 11.27° 10.86°
2015-16 Sps 11.40F  11.93% 12434 11922 10.50" 10.87"" 11.10%F 10.82¢ 10.95¢ 11.40° 11.77° 11.37%
Sps 11.83%  1240% 12.73* 12322 1073 11.17°F 11.57%P 11.16° 11.28° 11.78° 12.15* 11.74"
Mean 11368 11.89% 12294 1184 10412 1083 11.175¢ 10.80 10.88¢ 11.36° 11.73*  --
Sp» 1147 1170 12207 11,79 10.90%  11.537 11.877 11.43° 11.18" 11.62° 12.03% 11.61°
2016-17 Sps 12.23%1 12407 13508 1271 11.63" 11.80% 12.33PC 11.929 11.93% 12.10¢ 12.92° 12.32°
Sps 1297 13.57% 1423* 1359 119057 1247°F 12.73P 12.37° 1243° 13.02° 1348 12.98"
Mean 12228 12568 13314 1270 11482 1193 1231%¢ 1191 11.85¢ 1224% 12.81* -

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/mz.

cropping Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
sequence
Seasons N rates (N) Mean Mean Mean
Splitting N; N, N; N, N, N3 N; N, N;
Sp)

Sp» 32800° 373337 420000 373.78¢ 30533% 33467 36800% 336.00° 316.67" 354.00° 394.00° 354.89¢
2015-16  Spy 35467 39733% 48800° 41333% 33467 360.00%" 425330 373339 344678 37867 45667 393.33°
Sps  38667F 434670 53067" 45067° 344000 39600 462.67C 40089 365337 41533° 49667 42578
Mean 35644 401788 47956° 41259 32800° 363.565 418672 37007 34222° 38267° 449.11* -
Sp,  34533™" 3840071 474.67°C 40133 31333 33333" 38133 342.67¢ 32933° 358.67 42800% 372.00¢
2016-17  Spy  437.33F 462.67°P 496.00"% 46533% 364.00%" 417.33PT 48133C 420.89° 400.67% 440.00° 48867° 443.11%
Sps 47333 494678 52133% 49644° 405335C 4600050 509338 45822° 43933° 47733° 51533" 47733
Mean 41867% 447118 49733% 45437 360.89° 403565 45733 40726 389.78° 42533% 47733 -

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.
cropping

sequence Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
Seasons N rates (N) Mean Mean Mean
Splitting (Sp) Nl Nz N3 Nl N2 N3 Nl N2 N3
Sp, 66.03"7 71.93PC 7433PF 70779 62.10" 65.07" 67.83°T 65.00° 64.07° 68.50° 71.08° 67.88
2015-16 Sps 7130%H 717306 827748 7527° 64.97Y 69.27%' 70.47%! 68239 68.13° 70.50° 76.62° 71.75°
Sps 7473PF  80.37°¢  87.73% 80.94% 68.70™ 71.27°1 76.50P 72.16° 71.72° 75.82° 82.12° 76.55"
Mean 70.695 74688  81.612 7566 65260 68532 71.60°¢ 6846 67.97° 71.61° 76.61%  --
Sp» 60.8079  62.30PT 63.43PT 62.18° 53.737 53.93% 60.107C 55.929 57.27° 58.12% 61.77 59.05¢
2016-17 Sps 63.10°F  66.70%F  70.83% 66.88° 56.33" 603779 65.10°F 60.60° 59.72% 63.53° 67.97° 63.74%
Sps 66.87°F 71938 78.17% 72.32% 61.505C 67.435P 69.605C 66.18% 64.18° 69.68° 73.88* 69.25
Mean 63.59¢ 66982 70812 67.13 57.195 60.582 64.93%€ 6090 60.39° 63.78% 67.87%  --
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).

z:ogf::;% Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
Seasons Nr(al\tes ) Mean Mean Mean
Splitﬁng (Sp) Nl NZ N3 N2 N3 Nl NZ N3
Sp, 27857 2017 3115 293¢ 2437 2557 265 2545 2600 273 288% 274
2015-16 Sps 322PE 324CF 341BD 3290 260M 2819M 20919 2780 2924 303¢ 316> 3.04°
Sps 347°C 3565 386"  3.63F 2801 2927C 326°F 2099 3.14* 324 356 3317
Mean 3168 3248 346% 329 2628 2762 294 277  289° 300 3200 -
Sp, 256" 2719 2979F 2759 248" 260™ 287°C 2650 2520 2650 292°  2.70°
2016-17 Sps 2731 299%F 3248 2990 261 282F6 3175¢ 287¢ 267 291° 321° 2938
Sps 3.055F 3258 3614 3300 290°C 30950 3228 3072 298 3.17° 341° 3.197
Mean 2780 2985¢ 3274 301  266° 283 309 286 272° 291° 318 -
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).
cropping Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
sequence
Seasons N rates (N) Mean Mean Mean
Sp]i tting (Sp) Nl Nz N3 Nz N3 Nl Nz N3
Sp, 437550 4785P 48100 4657 4053 41.72™ 42.85H 4170° 42147 4478% 4548 44.13¢
2015-16 Sp; 46957 49.105C 50.02° 48.69° 41.15" 42.62%1 43425C 4239° 44.05° 4586° 46.72% 4554°
Sps 48.18P 49758 52874 50270 42379 4438 4470° 43.82¢ 4528 4707° 4878 47.04"
Mean 4620  4890% 50334 4851 4135% 42910 4366° 4264 43.82° 4590° 4699* -
Sp» AT 455851 4675PF 45279 42370 44.08™ 44779 4374° 4292° 44839 4576° 44.50C
2016-17 Sp; 4573P1 46.70PF 47885 4677 43.055% 44.93™ 46.50°T 44.83¢ 4439 4582° 47.19° 45.80°
Sps 47.10%F 48258 50.05% 4847% 44.55"K 463250 47300 46.06> 45.83° 4728° 4868 47.26"
Mean 45435C  46.84° 4823° 4684 43322 4511 46.19%¢ 4487 4438 4598% 4721 -
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 CO,, 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 ez al. (2011), El-Agrodi et al. (2011),
Haile et al. (2012), Ercoli et al. (2013), Usman and Ur-
Rehman (2014) and Singh ef al. (2016).

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

cropping

sequence Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
Seasons N rates (N) Mean Mean Mean
Splitting (Sp) N, N, N; N, N, N; N, N, N;
Sp» 19.69" 217859 24.62¢ 2203 17.11% 18.89 20939 1898 18.40° 2033 22.78%¢ 20.50¢
2015-16 Sps 220456 23.82P 264048 24.09° 1867 2022™ 23.02% 2064 20360 22.02% 2471° 22368
Sps 22.84PF  25205C 27474 25200 19.60™ 214271 2484C 2196° 2122 2336° 2616 23.58"
Mean 21535 23638 2616% 2377 1846° 2018 22938 2052 1999 21.90% 24554 -
Sp» 20,671 213851 250250 2236°  16.18' 18.98" 204071 1852¢ 1842F 2018 22719 20.44C
2016-17 Sps 23.07°F  23.07°T 25.734C 2396° 19.919" 206771 22.00°C 20.86¢ 21.49% 21.87% 23.87° 22418
Sps 26.187C  26.89"8 2820% 27.10° 21385 22.00%C 23.69°F 2239¢ 2378 2449% 2596 24.74"
Mean 23305€ 237828 26334 2447 19.162 2058 22032 2059 21238 22.18% 2418 -

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.

::355:;% Corn-Clover-Wheat Corn-Fallow-Wheat Nx SP
Seasons N rates (N) Mean Mean Mean
Splitting (Sp) N; N, N; N; N, N; N; N, N;
Sp» 49650 4870 5378 507 3817 383 4205 395 4399 4350 480" 4518
2015-16 Sps 491P  489P 530AC 5042 3907 401%F 4087  4.00° 4419 4459 469° 4528
Sps 479°  541°® 563%  528°  428% 4.19%F 512BP 4530 454> 480° 538 4907
Mean 4895 506" 54442 513 4002 4012 447 416  444® 453 4950 -
Sp 537°F 583BP 62448 5812 4289 4309 45359 4372 482° 5.06° 539*°  5.09°
2016-17 Sps 57650 6.054C 6.014C 5948 44976 4558C 515PT 4730 5q3% 5307 558% 53448
Sps 6228 56350 667" 6170 4635 469%C 500°C 477 542 516 583 547
Mean 5780 583% 6304 597 447% 4518 4908 463 5122 517 560t -
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 x 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 X
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 X 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 ef 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 x 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 X 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 X 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).

cropping

sequence Corn-Clover-Wheat Corn-Fallow-Wheat Nx Sp
Seasons N qt ™~ Mean Mean Mean
rates
Splitﬁ.ﬂg (Sp) Nl NZ N3 Nl NZ N3 Nl NZ N3
Sp» 52508 43567 39.40™ 4515 4563°F 37787 33495 3897° 49.07° 40.67% 3644" 42.06°
2015-16 Sps 58.79% 47640 422471 4956° 49785C 404497 3684 42350 5428 44.04° 39548 45958
Sps 60.92* 50.585C 43955 51812 5227% 42.84%C 3975™ 4495 56597 46719 4185 4838
Mean 5740% 4726 41865 4884 49228 4036C 36692 4209 5331% 43818 3928 -
Sp» 55.11¢ 42.76™F 40.04PF 4597° 43.14PF 37965C 32649 37919 49.13° 4036% 36347 41.94€
2016-17 Sps 61518 46130 41.17™ 4961° 53.10° 4133 35207 4321° 5730° 43.73¢ 38.19% 46418
Sps 69.81% 53.78° 45.16° 5625° 57.015C 44.18° 3790°C 4636° 63.41° 4898 41.53% 51304
Mean 62.14% 47565 42122 5061 51.08% 41.16%F 3525F 4249 5661% 4436° 38685 -
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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