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Abstract: 
Irrigation management and pattern of nitrogen application associated with 

soil compaction are critical factors in wheat growth. This study aimed to evaluate 
the effect of irrigation regimes and patterns of nitrogen fertilizer placement in 
presence of soil compacted layer on some wheat growth parameters. Germination 
percentage, plant height, pike length, 10-spike weight, total yield and grain yield 
were measured. Sandy loam lysimeter (0.60 x 1.0 and 0.55 m deep) experiments 
were conducted in a split-plot design with three replications in the experimental 
agricultural station of Assiut University, for two seasons 2016/2017 and 
2017/2018. The upper layer (0.15 m) in some lysimeters was compacted moder-
ately with a bulk density of 1580 kg/m3 and used for nitrogen placement, while 
the other soil lysimeter possessed a bulk density of 1420 kg/m3. The experiment 
was consisted of two irrigation regimes viz, field capacity (F.C.) and saturation 
capacity (S.C.) as main plots and five patterns of nitrogen placement and soil 
compaction: mixed fertilizer in un-compacted surface layer (F. IN UN-C.S.L.), 
placed fertilizer above compacted surface layer (F. ABOVE C.S.L.), placed fer-
tilizer beneath compacted surface layer (F. BENEATH C.S.L.), mixed fertilizer 
in compacted surface layer (F. IN C.S.L.), and placed fertilizer above un-
compacted surface layer (F. ABOVE UN-C.S.L.) as sub plots. The results indi-
cated that irrigation at F.C. improved some of wheat growth parameters such as 
germination percentage, 10-spike weight, total yield and grain yield compared 
with irrigation at the S.C. The differences in the values these growth parameters 
were significant to high significant under the patterns of nitrogen placement and 
compactions. Also, it was obvious that moderate compaction, i.e. bulk density of 
1580 kg/m3, enhanced the studied growth parameters except spike length and 
grain yield in comparison to non-compacted condition. Generally, some growth 
parameters of wheat were affected positively under compacted soil layer under 
F.C. Accordingly, the results recommend that for improvement wheat growth 
grown on sandy loam soil it is preferable to use irrigation at filed capacity with 
mixing of nitrogen on the compacted surface soil layer. 
Keywords: Wheat, lysimeter, irrigation, compaction, nitrogen placement, and growth 
parameters. 
 

Introduction 
Water and nutrients supply are 

the main factors controlling the pro-
ductivity of irrigated agriculture. 
Also, type of cultivated plants and 

water regime are essential factors 
controlling the yield productivity. 
Improving the use efficiencies of wa-
ter and nitrogen is the target of good 
management and becomes crucial in 
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arid and semi-arid regions where wa-
ter resources are limited. Generally, 
the high efficiency is mandatory es-
pecially for saving water, increasing 
soil productivity and protecting the 
environment.  

Wheat (Triticum aestivum L.) is 
a main source of plant protein in 
Egypt as in many other parts of the 
world. Egypt suffers from a consider-
able gap between its national produc-
tion and consumption. To solve this 
problem, the Egyptian government 
should extend the agricultural area by 
reclaiming desert land and cultivate it 
with wheat., Also, the Egyptian sci-
entists are trying to do their best to 
enhance water use efficiency. Water 
demand by wheat is variable because 
it depends on climate, wheat species, 
soil texture, and irrigation methods. 
Additionally, in dryland irrigated ag-
riculture; nitrogen fertilization be-
comes the most limiting factor for 
crop productivity. Under these condi-
tions, the efficiency of using both ir-
rigation water and nitrogen is often 
low and depends largely on the 
method of application (Bar-Yosef, 
1999).  

Doorenbos and Kassam (1979) 
reported that, for high yield of wheat, 
crop water requirements are ranged 
from 3200 to 5200 m3/ha depending 
on climate and length of the growth 
period. Mohamed (2007) found that 
the corresponding applied waters for 
cultivated wheat under Assiut condi-
tions, Egypt, using three irrigation 
systems which are surface, sprinkler 
and drip irrigation were approxi-
mately 3211, 2806 and 2489 m3/fed 
respectively. Also, for the three irri-
gation regimes (25, 50 and 75 % of 
available soil moisture) using surface 

and sprinkler methods, the seasonal 
irrigation water applied values were 
3934.98, 3445.26 and 2900.52 m3/fed 
under surface irrigation, while it was 
2612.4, 2224.32 and 1918.14 m3/fed 

under sprinkler irrigation system.  
Kharrou et al., (2011) con-

ducted a field experiment during the 
2004 - 2005 season in Haouz area in 
Morocco for wheat production using 
surface and drip irrigations. This ex-
periment indicated that drip irrigation 
was more efficient with 20% of water 
saving and gave higher wheat yield 
(+28%) in comparison with surface 
irrigation. Geerts and Raes (2009) re-
ported that an increase in crop water 
productivity can occur under defi-
cient irrigation (DI) of wheat without 
causing severe yield reductions. Ta-
dayon et al., (2012) studied the ef-
fects of amounts of supplemental irri-
gation at growth stages and applica-
tion of nitrogen fertilizer on grain 
yield and water productivity of wheat 
cultivars for 2 years. Their results re-
vealed that there are relationship be-
tween grain yield and water produc-
tivity, Nitrogen application showed a 
positive correlation (r2=0.88) between 
grain yield, water productivity, and 
nitrogen application with available 
water under their experiment at con-
dition.  

Zhang et al., (2017) evaluated 
the effect of irrigation and nitrogen 
application on the grain yield, protein 
content and amino acid composition 
of winter wheat (2012/2015) in the 
North China Plain. The results 
showed that irrigation at jointing 
stage and at jointing plus a thesis 
stages improved grain yield with 
mean of 12.79 and 18.65% respec-
tively, across three cropping seasons 
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compared with no irrigation treat-
ment.  

          A field experiment was 
carried out by Shirazi et al., (2014) to 
evaluate the effect of irrigation re-
gimes and nitrogen levels on the 
growth and yield of wheat cv. 
Kanchan (Triticum aestivum L.). The 
experiment includes two factors such 
as four irrigation regimes ((no irriga-
tion), 100 mm at 30 days after sow-
ing, 200 mm (100 mm at 30 days+ 
100 mm at 45 day), and 300 mm (100 
mm at 30 days+ 100 mm at 45 days 
+100 mm at 60 days)) and four nitro-
gen levels (00, 80, 100, and 120 
kgNha−1). Maximum grain yield of 
2.27 t ha−1 was obtained by the appli-
cation of 200 mm irrigation treat-
ment. The combination of 200 mm 
irrigation and 120 kg N/ha−1 was the 
best treatment for optimal production 
of wheat.,  

Soil compaction can result in 
crop yield reduction by its effects on 
water infiltration into the soil, seed-
lings emergence, roots penetration 
and uptaking of nutrients and water 
(Pengthamkeerati et al., 2006). 
Oussible et al., (1992) studied the ef-
fect of subsurface compaction on the 
root and shoot growth, grain yield, 
and grain yield components of wheat 
(Triticum aestivum L.) by conducted 
field experiments (1982 and 1983) 
using a clay loam soil (Typic Calcix-
erolls). Their results indicated that the 
grain and straw yields were decreased 
as a result of compaction by a 12 to 
23% and 9 to 20% respectively, com-
pared to un-compacted soil. The de-
crease in yield was accompanied by a 
consistent reduction in the number of 
shoots per unit area. But number of 
kernels per spike, kernels weight, 

plant height, leaf area and dry matter 
per shoot were unaffected. They at-
tributed the decrease in shoot number 
to a limitation in the amount of avail-
able soil nitrogen to the roots.             

 Similar subsurface compaction 
studied by Ishaq et al., (2001) for 
wheat (Triticum aestivum L.). They 
reported that the soil compaction 
treatment resulted in a reduction in 
the grain yield of wheat by a 38% 
during 1997–1998 season and 8% 
during 1998–1999 season. While the 
straw yield was affected by a de-
crease up to 12% in 1997–1998 sea-
son only where it was not affected in 
1998–1999 season. Also, results 
showed that the subsoil compaction 
adversely affected soil physical prop-
erties, which decreased yields as well 
as water and nutrient use efficiencies 
by crops. Bokken et al., (1987) inves-
tigated effects of soil compaction by 
tractor traffic on a loam soil on wheat 
yield. Tractor traffic on wet soil re-
duced the wheat yield by about 25%, 
and increased the N-loss through de-
nitrification by a factor of 3–4. Nei-
ther of these parameters was affected 
by tractor traffic at low soil moisture 
content.  

Lipiec et al., (2003) showed that 
an increase in soil compactness re-
sults in decreased the root size of bar-
ley, the high density of roots in the 
upper soil, lower rooting depth and a 
greater distance between the nearest 
roots. Insufficient water supply de-
creased in compacted soil whereas 
the water use efficiency by the roots 
increased. Both nutrient uptake and 
effectiveness of fertilization is re-
duced by soil compaction. According 
to the literatures cited, the objective 
of the present work is to evaluate the 
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wheat growth under two levels of ir-
rigation regime (field and saturation 
capacities) combined with five pat-
terns of compaction and ammonium 
nitrate placements.   
Materials and Methods 

Lysimeter experiments were 
conducted during two successive 
growth seasons (2016/2017 and 
2017/2018) to evaluate the growth of 
winter wheat under different irriga-
tion regimes and soil compaction. 
These experiments were carried out at 
the experimental agricultural station 
at Assiut University with GPS coor-
dinates of 27° 11′ 16″ N and 31° 10′ 
13″ E. The soil lysimeter experiments 
were conducted in open agriculture 
field with exposing the upper surface 
of the soil to the natural atmosphere 
throughout the growth periods of the 
two seasons. 

The lysimeters were constructed 
from one type disturbed soil 
(0.60x1.0 and 0.55 m depth) with or 
without compaction using wooden 
boxes (0.60x1.0 and 0.60 m depth). 
Prior to soil lysimeter packing, the 

interior sides of the wooden boxes are 
lined with a protective layer of poly-
styrene to avoid water leaking. The 
soil materials were mixed well then 
packed into wooden boxes with 0.55 
m thickness and its surface was 0.05 
m from the upper edges of boxes for 
all lysimeters. Two patterns of soil 
packing were used. One of them is 
packed uniformly for the whole 
thickness of the soil lysimeter (0.55) 
at a bulk density of 1420.0 kg/m3. 
While, the other pattern was packed 
into two layers with different bulk 
densities, where the upper soil layer 
(0.15 m) was compacted layer at a 
bulk density of 1580 kg/m3, but the 
lower soil layer (0.40 m) was un-
compacted and was packed at a bulk 
density of 1420.0 kg/m3. The com-
paction of soil was achieved using a 
heavy load metal part. The used soil 
in these experiments is classified as 
Typic Torrifluvents with sandy loam 
texture (sand = 64.81 %, silt = 15.96% 
and clay = 19.23 %), More details on 
the characteristics of this soil were as 
shown in Table (1)   

 

Table 1. Some soil characterizations  
Property                                          value Property                                               value   

pH (1:5)                                                            7.71 Ks (m s-1) (compacted)                         5x10-6 
EC. (1:1) dS/m                                                 1.01 i (initial water content) (m3 m-3)         0.0287 
Organic matter (%)                                          0.26 Clay ( % )                                             19.23 
CaCO3 %                                                         2.61 Sand ( % )                                             64.81 
Initial available NH4, ppm                              33.23 Silt (%)                                                 15.96 
Initial available NO3, ppm                              66.45 Soil texture                                    Sandy loam 
s (real density) (kg m-3)                                2590.0 Saturation (m3 m-3)                              0.350 
 (bulk density) (kg m-3) (un-compacted)      1420.0 Field capacity (m3 m-3)                        0.202 
 (bulk density) (kg m-3) (compacted)          1580.0 Wilt Point(m3 m-3)                                0.106 
Ks (m s-1) (un-compacted)                         1.23x10-5 Available water (m3 m-3)                      0.096 

 

Irrigation of the lysimeters was 
carried out using drip irrigation sys-
tem that is available at the experi-
mental site. Two irrigation regimes 
were used for irrigation during the 

growth seasons. The wheat seeds 
(Triticum aestivum vulgar, cv Sids 1) 
were planted at rate of 70 kg/fed in 
two parallel lines. Black polyethylene 
plastic pipe of 16 mm diameter was 
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fixed on the lysimeters and 2 drippers 
were used with discharge rate of 4 L 
h-1, on each and the drip irrigation 
operating pressure was 1.5 bars. The 
water meter was used to adjust this 
process. Moisture regime of satura-
tion capacity (S.C) was maintained 
between 0.350 and 0.198 m3m-3 and 
field capacity (F.S) was maintained 
between 0.202 and 0.157 m3m-3. Irri-
gation timing was defined according 
to the irrigation regime, the growth 
stage of wheat and the daily potential 
evapotranspiration (ET0) under Assiut 
governorate conditions. Weekly pan 
evaporation, ET0, and mean tempera-
ture were obtained from an onsite 
weather station. (Table 2).  

Nitrogen, Phosphorus and po-
tassium fertilizers were added accord-
ing to the recommended rates by the 
Egyptian Ministry of Agriculture, at 
planting time. Phosphorus fertilizer in 
the form of super phosphate (15% 
P2O5) was added at the rate of 100 kg 
P2O5/fed while, potassium fertilizer in 
the form of potassium sulphate (50% 
K2O) was added at a rate of 50 kg 
K2O/fed. Nitrogen fertilizer in form 
of ammonium nitrate (33.5% N) was 
added as one dose to the soil lysime-
ters in five application patterns at 
planting at rate of 150 kg N Fed−1. 
Additionally, drip fertigation was per-
formed using irrigation water con-
taining 28.37 ppm of nitrogen. 

 

Table 2. Climate data through the growth season (2016/2017-2017/2018)*, 
T max (co ) T min (co ) ET0 (mm/day) Month 

2016 2017 2016 2017 2016 2017 
December 19.9 23.70 6.3 7.90 3.70 1.53 

January 19.3 20.48 5.3 3.59 3.73 1.74 
February 20.5 25.50 6.3 8.02 4.33 2.44 
March 25.3 30.94 11.0 10.51 6.44 3.66 
April 31.3 33.37 15.5 14.06 8.59 4.84 
*Meteorological Station at Assiut University 
 

The compaction and ammonium 
nitrate placement patterns can be 
summarized as shown in Table (3). 
Two irrigation regimes meanly, field 
capacity (F.C.) and saturation capac-
ity (S.C.) were used as the main plots 
while, five patterns of ammonium ni-
trate placement and soil compaction, 
which were mixed fertilizer in un-
compacted surface layer (F.IN UN-
C.S.L.), fertilizer placed above com-
pacted surface layer (F.ABOVE 
C.S.L.), fertilizer placed beneath 
compacted surface layer (F. BE-
NEATH C.S.L.), fertilizer was mixed 
with the surface layer then compacted  
(F.IN C.S.L.), and placed fertilizer 
above un-compacted surface layer 

like the farmer practices (F.ABOVE 
UN-C.S.L.) were used as sub plots. 
According to irrigation regimes and 
ammonium nitrate application pat-
terns, ten treatments were used and 
each had three replicates 

The wheat growth parameters 
include germination percentage, plant 
height, pike length, 10-spike weight, 
total yield, grain yield, grain nitrogen 
and straw nitrogen contents were 
measured. Data obtained from these 
measurements were analyzed statisti-
cally for analysis of variance 
(ANOVA) following the method de-
scribed by Gomez and Gomez 
(1984).            
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 Table 3. Patterns of nitrogen placements with compacted soil layers 

Abbreviation Pattern 
F. IN UN-C.S.L. Fertilizer were  mixed in un-compacted surface layer 
F. ABOVE C.S.L. Fertilizer were placed fertilizer above compacted surface layer 
F. BENEATH C.S.L. Fertilizer were placed fertilizer beneath compacted surface layer 
F. IN C.S.L. Fertilizer were mixed fertilizer in compacted surface layer 
F. ABOVE UN-C.S.L. Fertilizer were placed fertilizer above un-compacted surface layer 

 

Results and Discussion 
Germination percentage 
The germination process of 

wheat seeds is complex and can be 
affected by many environmental fac-
tors such as temperature, water avail-
ability, oxygen, light, substrate, ma-
turity and physiological age of the 
seed. Generally, the minimum water 
content required in the wheat grain 
for germination is 35% to 45% by 
weight (Evans et al., 1975). Con-
versely, germination is generally im-
peded by excess of moisture mainly 
due to a restriction of oxygen avail-
ability.  

 Germination percentages for all 
treatments through the two growth 
seasons of 2016/2017 and 2017/2018 
are shown in Figure (1) and Table 
(4). The two growth seasons will be 
referred as A for the 1st season and B 
for the 2nd season in all figures. The 
germination percentages under F.C. 
were superior in comparison to the 
irrigation at S.C. under all compac-
tion and ammonium nitrate placement 
patterns (Figure1). The germination 
percentages under F.C was 1.29-
50.89% with an average of 14.8% 
greater than S.C. 1st season and from 
3.29 to 58.75% with an average of 
15.5% greater than S.C. in the 2nd 
season among of all treatment. Also, 

the highest increase was record in F. 
ABOVE C.S.L. treatment, while the 
lowest one was observed in F. IN 
C.S.L. treatment for both season (Ta-
ble 4). 

The results indicated that the 
treatment of F. BENEATH C.S.L. 
possessed the greatest germination 
percentage (95.9%and 94%) under 
F.C regime, while the treatment F. 
ABOVE C.S.L. produced the lowest 
germination percentage (56% and 
54.3%) under S.C. regimein the both 
season. These variation in the germi-
nation percentages under the F.C and 
S.C. might attribute to soil air and 
water content for seed germination, 
i.e. at saturation capacity, the air con-
tent is null while at field capacity the 
aeration capacity is suitable for respi-
ration that enhance the seed germina-
tion.  

In the present study, analysis of 
the data indicated that irrigation re-
gimes and, the combined pattern of 
nitrogen placement and compaction 
had a high significant (p<0.01) ef-
fects on the germination percentages 
for the two growth seasons (Table 4). 
Ashraf and Abu-Shakra (1978) found 
that the seeds of four wheat cultivars 
germinated when on soil their mois-
ture content was approximately 50% 
on a fresh weight basis. 
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Table 4. Effect of irrigation regimes and fertilization-compaction patterns on the 
germination percentage for two successive growth seasons (2016/2017 and 
2017/2018. 

Plant characters Germination (%) 
Seasons 2016/2017  2017/2018 

Treatment type Field 
Capacity 

Saturation 
Capacity Average Field     

Capacity 
Saturation 
Capacity Average  

F. IN UN-C.S.L. 87.93 77.59 82.76 89.70 80.50 85.10 
F. ABOVE C.S.L. 84.48 56.03 70.26 86.20 54.30 70.25 
F. BENEATH C.S.L. 95.87 85.92 90.90 94.00 86.20 90.10 
F. IN C.S.L. 86.21 85.06 85.63 87.90 85.10 86.50 
F. ABOVE UN-C.S.L. 64.66 60.34 62.50 67.20 62.10 64.65 
Average 83.83 72.99 78.41 85.00 73.60 79.30 

 Irrigation Treat Inter Irrigation Treat Inter 
F ** ** ** ** ** ** 

L.S.D.(0.05)   2.97 1.79  0.24 0.15 
* Significant at the 0.05 level, ** Significant at the 0.01 level 

 
F = Fertilizer;   C = Compacted;   S = Surface;   L = Layer;    A = 1st season and   B = 2nd season.                                                                 

Figure (1): Germination percentages under field capacity (F.C.), saturation capacity (S.C.), dif-
ferent patterns of compactions and fertilization placement 

 

Plant height 
Wheat plant height under all 

treatments for first and second sea-
sons was as shown in Figure (2). and 
Table (5). The results showed that the 
plant height behaved similarly under 
both growth seasons. Where Irriga-
tion at saturation capacity regime 
gave greater plant height (average of 
98.3 cm) compared with those ob-
tained at filed capacity regime (aver-
age of 91.8 cm). During the second 
season, the plant heights where 
greater than in the first season. F. 
BENEATH C.S.L.and F. IN C.S.L. 
treatments recorded the highest value 

of plant higher (105 cm) under S.C. 
in the second season. While, the low-
est value of plant height (86.2 cm) 
was observed in F. IN C.S.L. treat-
ment under F.C.in the first season.  
Similar results were reported by Al-
Molhem (2016) and Saleem et al., 
(2007). Al-Molhem (2016) found that 
irrigation of wheat at 100% of the 
evapotranspiration potential had the 
greatest plant height in comparison to 
irrigation at 60% or 80 % regimes, 
and Saleem et al., (2007) reported 
that three irrigations during the whole 
season of growth gave the greatest 
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wheat plant height in comparison to 
zero or four irrigations 

The present study showed that 
the patterns of nitrogen placements 
with soil compaction affected the 
plant height. incorporation of the ni-
trogen fertilizer in the upper 0.15-m 
layer at S.C. regime possessed the 
greatest plant higher. Irrigation at the 
F.C. with the nitrogen placement and 
compaction patterns affected wheat 
heights significantly (Table 5). Irriga-
tion at the saturation capacity at the 
corresponding fertilization and com-

paction show significant effects on 
the plant height (Table 5).  

Generally, patterns fertilizer ap-
plication patterns did exhibit small 
variations on wheat shoot heights un-
der both irrigation regimes. Atwell 
(1990) studied wheat {Triticum aesti-
vum L. cv. Eradu) growth in the field 
on a deep loamy sand soil which had 
either a compact soil layer (compact 
soil) between 10 and 55 cm depth or 
a deep-tilled profile (loosened soil). 
Between 33 and 62 day after sowing, 
shoots grow more slowly and had 
fewer tillers on the compact soil. 

 

Table 5. Effect of irrigation regimes and fertilization-compaction patterns on Plant 
height (cm) percentage for two successive growth seasons (2016/2017 and 
2017/2018). 

Plant characters Plant height (cm) 
Seasons 2016/2017 2017/2018 

Treatment type Field 
Capacity 

Saturation 
Capacity 

Average Field 
Capacity 

Saturation 
Capacity 

Average  

F. IN UN-C.S.L. 86.17 100.50 93.33 94.67 101.70 98.17 
F. ABOVE C.S.L. 90.67 99.17 94.92 97.67 104.00 100.80 
F. BENEATH C.S.L. 93.00 97.17 95.08 90.33 105.00 97.67 
F. IN C.S.L. 95.50 97.67 96.58 92.67 105.00 98.83 
F. ABOVE UN-C.S.L. 86.83 97.25 92.04 90.33 101.00 95.67 
Average 90.43 98.35 94.39 93.13 103.30 98.23 

 Irrigation Treat Inter Irrigation Treat Inter 
F * Ns ns * * * 

L.S.D.(0.05)   - -  3.17 3.85 
* Significant at the 0.05 level, ** Significant at the 0.01 level 

 
F = Fertilizer; C = Compacted;   S = Surface;   L = Layer;    A = 1st season and   B = 2nd season.                                                                 
Figure (2): The plant height at harvesting under field capacity (F.C.), saturation capac-

ity (S.C.), different patterns of compactions and N fertilization placement.  
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Spike length 
The data of spike length as a 

function of irrigation regimes, differ-
ent nitrogen placements and compac-
tions patterns for the two seasons are 
presented in Figure (3). Values of 
spikes length varied form 9.7 to 11.5 
cm under all treatments for both tow 
seasons. The spike length as an aver-
age were 10.4 and 11.3 cm under F.C. 
and S.C. irrigation regime respec-
tively in the first growth season. The 
corresponding spike length in the 
second growth season was 10.8 cm 
for both irrigation regimes (Table 6). 
The spikes length differed little be-
tween the two irrigation regimes. The 
difference in spikes length under F.C. 
and S.C. ranged between zero to 1.3 

cm. Where the greatest difference 
(1.3 cm) was recorded under F. BE-
NEATH C.S.L. in the first season, 
while the lowest one (zero) was ob-
served under F. IN C.S.L. in the sec-
ond season.    

The values of spike length were 
increased under F.C. regime and de-
creased under S.C. regime in the sec-
ond season compared to the first sea-
son. Also, placement of nitrogen and 
fertilizer compaction patterns of soil 
affect the spike length significantly in 
the first season only. Where The dif-
ferences in the spike length during 
the second season do not show con-
sistent trend and do not differ signifi-
cantly. (Table 6). 

 
 
 
Table 6. Effect of irrigation regimes and fertilization-compaction patterns on the 

spike length for two successive growth seasons (2016/2017 and 2017/2018). 
Plant characters Spike length (cm)  
Seasons 2016/2017 2017/2018 

Treatment type Field 
Capacity 

Saturation 
Capacity 

Average Field Ca-
pacity 

Saturation 
Capacity 

Average  

F. IN UN-C.S.L. 10.80 11.50 11.17 11.00 11.00 11.00 
F. ABOVE C.S.L. 10.20 11.00 10.58 11.00 10.33 10.67 
F. BENEATH C.S.L. 9.70 11.00 10.33 10.67 10.67 10.67 
F. IN C.S.L. 11.00 11.80 11.42 10.33 10.67 10.50 
F. ABOVE 
UN-C.S.L. 

10.30 11.00 10.67 11.00 11.50 11.25 

Average 10.40 11.30 10.83 10.80 10.83 10.82 
 Irrigation Treat Inter Irrigation Treat Inter 
F * * ns Ns ns ns 

L.S.D.(0.05)  - 1.41 - - - - 
* Significant at the 0.05 level, ** Significant at the 0.01 level 
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F=fertilizer .C=compacted. S=surface. L=layer  

Figure (3): The spike length at harvesting under field capacity (F.C.) and saturation ca-
pacity (S.C.) regimes, and different patterns of compactions and fertilization 
placement (A first season and B second season).  

 

The weight of 10-spikes  
Values of weight of 10-spikes 

varied 11.4 to 29.4 grams under all 
treatments for both two seasons (Ta-
ble 7 and Figure 4) the 10-spikes 
weight for the irrigation regime at 
F.C. and S.C. as averages were 16.85 
and 16.33 g, respectively in the first 
growth season. The corresponding 
weight in the second were 26.4 and 
25.65 g. the weight of 10-spikes un-
der the field capacity irrigation re-
gime was superior for most fertiliza-
tion-compaction patterns in compari-
son to those under the saturation re-
gime during the first growth season, 
except placed fertilizer above com-
pacted surface layer (F. ABOVE 
C.S.L.) treatment (Figure 4). 

The weights of spikes under the 
two growth seasons showed discrep-
ancies, where the second season gave 
greater spikes weight values (average 
26.04 g) than the first season. (aver-
age 16.59 g). Also, in the second sea-
son reduction of the differences in 
values of spikes weight was recorded 

for corresponding treatments under 
F.C. and S.C. regimes compared to 
the first season. It seems that the cli-
matic condition, i.e. temperature and 
relative humidity, might affect the 
weights of spike. Since there are wide 
variations in the spike weight among 
the treatments, it is difficult to define 
a specific trend using this growth pa-
rameter. 

Generally, irrigation at the field 
capacity combined with either plac-
ing fertilizer beneath compacted sur-
face layer (F. BENEATH C.S.L.) or 
mixing fertilizer in compacted sur-
face layer (F.IN C.S.L.) was the best 
combination treatment. Using the ir-
rigation regime at F.C. minimize 
NO3

−–N leaching which enhance the 
nitrogen uptake by plant.  It is noticed 
that length spikes, the spike weights 
differed significantly in the first 
growth season and highly signifi-
cantly in the second growth season 
under the placement of nitrogen and 
compaction patterns treatments (Ta-
ble 7). In the present study, the upper 
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compacted soil layer had a bulk den-
sity of 1580 kg/m3 for the sandy loam 
soil. This is not a high bulk density to 
cause growth retardation for such a 
plant root growth (Duiker, 2004). Ac-
cording to this author, the bulk den-

sity that restricts root growth is 1800 
kg/m3 and the ideal bulk density for 
root growth ranges between 1400–
1800 kg/m3 for the sandy loam tex-
ture. 

 
Table 7. Effect of irrigation regimes and fertilization-compaction patterns on the 

10-spikes weight for two successive growth seasons (2016/2017 and 
2017/2018). 

Plant characters 10-spikes weight (g)  
Seasons 2016/2017 2017/2018 

Treatment type Field 
Capacity 

Saturation 
Capacity 

Average Field Ca-
pacity 

Saturation 
Capacity 

Average  

F. IN UN-C.S.L. 18.23 15.80 17.02 26.41 26.92 26.67 
F. ABOVE C.S.L. 11.37 19.22 15.29 20.65 21.71 21.18 
F. BENEATH C.S.L. 21.89 17.65 19.77 26.74 26.14 26.44 
F. IN C.S.L. 18.77 17.03 17.90 28.96 25.77 27.37 
F. ABOVE UN-
C.S.L. 14.02 11.93 12.98 29.40 27.72 

28.56 

Average 16.85 16.33 16.59 26.43 25.65 26.04 
 Irrigation Treat Inter Irrigation Treat Inter 
F ns * ns Ns ** ns 

L.S.D.(0.05)   6.42   1.62  
* Significant at the 0.05 level, ** Significant at the 0.01 level 
 

 
F=fertilizer .C=compacted. S=surface. L=layer 

Figure (4): 10-spikes weight under field capacity (F.C.) and saturation capacity (S.C.) 
regimes and different patterns of compactions and fertilization placements (A 
first season and B second season). 

 

The total wheat biomass yield 
The data of the total yield bio-

mass of wheat for all treatments are 

as shown in Figure (5). The average 
values of total yield using F.C. irriga-
tion regime were 17.71-46.72% 
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greater than when S.C. regime was 
used, except F. ABOVE C.S.L. and F. 
IN C.S.L treatments in the 1st season 
and from 4.26 to 71.88% greater than 
S.C. except F. ABOVE C.S.L. treat-
ment in the 2nd season. These aver-
ages were 9.4 and 7.9 (ton ha-1) under 
F.C. and S.C. in the first season re-
gimes respectively, the corresponding 
averages were 9.0 and 8. (ton ha-1) in 
the second season. The F. BENEATH 
C.S.L. treatment under F.C regime 
was the best combination one in both 

seasons. The high total yield under 
F.C. irrigation regime may be attrib-
uted to the high nitrogen content in 
the root zone of the plant compared to 
corresponding content using S.C. re-
gime. Similarly, the amount of resid-
ual NO3

− -N in soil profiles was de-
creased with the increasing the 
amount of irrigation (Wang et al., 
2010). The nitrogen placement and 
compaction patterns did affect the to-
tal yields significantly (Table 8).  

 
 
Table 8. Effect of irrigation regimes. N fertilization and compaction patterns on 

the total biomass yield of wheat (ton ha-1) for two successive growth seasons 
(2016/2017 and 2017/2018). 

Plant characters Total biomass yield ( ton ha-1) 
Seasons 2016/2017 2017/2018 

Treatment type Field 
Capacity 

Saturation 
Capacity Average Field    

Capacity 
Saturation 
Capacity Average  

F. IN UN-C.S.L. 8.90 9.70 9.30 9.70 8.90 9.30 
F. ABOVE C.S.L. 5.80 6.80 6.30 6.10 7.40 6.75 
F. BENEATH C.S.L. 12.20 6.50 9.35 11.00 6.40 8.70 
F. IN C.S.L. 10.50 8.60 9.55 9.40 8.30 8.85 
F. ABOVE UN-C.S.L. 9.60 7.90 8.75 9.00 9.40 9.20 
Average 9.4 7.9 8.65 9.04 8.08 8.56 

 Irrigation Treat Inter Irrigation Treat Inter 
F * * * * ** ** 

L.S.D.(0.05)   1.32 2.82  1.18 1.41 
* Significant at the 0.05 level, ** Significant at the 0.01 level  

 
F=fertilizer .C=compacted. S=surface. L=layer 
Figure (5): total biomass yield of wheat under field capacity (F.C.) and saturation ca-

pacity (S.C.) regimes, and different patterns of compactions and nitrogen 
placements (A first season and B second season). 

 



Assiut J. Agric. Sci., (50) No. (2) 2019(289-306)                        ISSN: 1110-0486 
Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php     E-mail: ajas@aun.edu.eg 

 301 

The grain yield 
The grain yields for the two ir-

rigation regimes, the nitrogen place-
ments and compaction patterns are 
shown in Figure (6). The grain yield 
of wheat behaved similarly to the to-
tal biomass yield but the exception of 
the placed fertilizer above compacted 
surface layer (F. ABOVE C.S.L.) 
treatment, occurred in the first season 
only. The averages were 5.9 and 3.9 
(ton ha-1) for F.C. and S.C. irrigation 
regimes, respectively in the first sea-
son and 6.2 and 5.2 (ton ha-1) in the 
second season. It is obvious that the 
grain yield under irrigation at field 
capacity was superior to those under 
saturation capacity. where, irrigated 
at field capacity improved grain yield 
by averages of 28.2 and 84.4%across 
both seasons compared with irriga-
tion at saturation capacity Similar to 
the results of 10-spike weight, irriga-
tion at the field capacity combined 
with either placing fertilizer beneath 
compacted surface layer (F. BE-

NEATH C.S.L.) or mixing fertilizer 
in compacted surface layer (F.IN 
C.S.L.) was the best combination 
treatment. The lowest grain yield was 
produced from the treatment of plac-
ing fertilizer above compacted sur-
face layer (F. ABOVE C.S.L.) in both 
seasons under F.C. regime. The irri-
gation regimes, nitrogen placement 
and compaction patterns affect the 
grain yields highly significant (Table 
9). As mentioned previously, the 
compaction might reduce the NO3

− -
N leaching that enhanced the grain 
weight. Similarly, the results of Wang 
et al., (2010) clearly showed that the 
relative high grain yield and irrigation 
water productivity, and relative low 
N loss were achieved with application 
of 221 kg N ha−1 and low irrigation. 
Zhang et al., (2017) found that irriga-
tion at jointing and at jointing plus 
and improved grain yield by averages 
of 12.79 and 18. 65% across all the 
three seasons compared with no irri-
gation.  

 
Table 4. Effect of irrigation regimes, N fertilization and compaction patterns on 

grain yield of wheat (ton ha-1) for two successive growth seasons (2016/2017 
and 2017/2018). 

Plant characters Grain  yield ( ton ha−1) 
Seasons 2016/2017 2017/2018 

Treatment type Field    
Capacity 

Saturation 
Capacity Average Field      

Capacity 
Saturation 
Capacity Average  

F. IN UN-C.S.L. 5.58 4.80 5.20 5.60 5.20 5.40 
F. ABOVE C.S.L. 3.91 4.80 4.40 4.00 4.00 4.00 
F. BENEATH C.S.L. 6.41 2.80 4.60 7.20 4.00 5.60 
F. IN C.S.L. 7.24  4.40 5.80 7.60 6.40 7.00 
F. ABOVE UN-C.S.L. 6.37 2.80 4.60 6.80 6.40 6.60 
Average 83.83 72.99 78.41 67.24 62.07 64.66 

 Irrigation Treat Inter Irrigation Treat Inter 
F ** * ** * ** ** 

L.S.D.(0.05)   1.26 2.21  1.18 1.41 
* Significant at the 0.05 level, ** Significant at the 0.01 level 
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F=fertilizer .C=compacted. S=surface. L=layer 
Figure (6): grain yield under field capacity (F.C.) and saturation capacity (S.C.) re-

gimes, and different patterns of compactions and nitrogen placement (A first sea-
son and B second season). 

 

Effect of compaction on wheat 
growth 

The effect of compaction on the 
wheat growth was evaluated using the 
average of growth parameter for the 
non-compaction condition which is 
calculated from F.IN UN-C.S.L. and 
F. ABOVE UN-C.S.L. treatments, 
while the average of compaction con-
dition was obtained from F.ABOVE 
C.S.L., F. BENEATH C.S.L. and 
F.IN C.S.L treatments as shown in 
Table (10). For the first growth sea-
son, the germination percentages 
were 76.3 and 88.9% under the F.C. 
irrigation regime for non-compaction 
and compaction conditions, respec-
tively (Table 10). The corresponding 
germination percentages under S.C. 
regime were 68.9 and 75.7%. It is 

obvious that moderate compaction, 
i.e. bulk density of 1580 kg/m3, en-
hanced the germination percentage in 
comparison to non-compaction condi-
tion, i.e. bulk density of 1420 kg/m3. 
This may be due to that the com-
pacted soil layer retained a suitable 
amount of water that encourages 
wheat seeds germination. The Plant 
height under the non-compaction 
condition was shorter than its value 
under compaction condition using the 
F.C. irrigation level in both seasons. 
The 10-spike weights, total biomass 
yield, grain yield, showed similar 
trend as the plant height and germina-
tion percentage. The compaction and 
non-compaction soil conditions 
showed similar spike lengths in both 
seasons.  
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Table 10. The effect of non-compaction and compaction soil condition on wheat 
growth parameters for two successive growth seasons (2016/2017 and 
2017/2018). 

Growth  season  2016/2017 (A) 2017/2018 (B) 
Plant characters Germination (%)   
Treatment type F.C. S.C. Average F.C. S.C. Average 
Non- compaction 76.295 68.965 72.63 78.45 71.285 74.87 
Compaction 88.85 75.67 82.26 89.37 75.19 82.28 
Plant characters Plant height (cm) 
Treatment type F.C. S.C. Average F.C. S.C. Average 
Non- compaction 86.5  98.88 92.69 92.50 101.35 96.93 
Compaction 93.06 98.00 95.53 93.56 104.67 99.12 
Plant characters Spike  length (cm) 
Treatment type F.C. S.C. Average F.C. S.C. Average 
Non- compaction 10.55  11.25 10.90 11.00 11.25 11.13 
Compaction 10.30 11.27 10.79 10.67 10.56 10.62 
Plant characters 10-spikes weight (g) 
Treatment type F.C. S.C. Average F.C. S.C. Average 
Non- compaction 15.06 17.58 16.32 23.53 24.32 23.92 
Compaction 18.24 15.35 16.84 28.36 26.54 27.45 
Plant characters Total biomass yield ( ton ha−1) 
Treatment type F.C. S.C. Average F.C. S.C. Average 
Non- compaction 9.5 7.3 8.4 8.8 7.4 8.1 
Compaction 9.3 8.8 9 9.4 9.2 9.3 
Plant characters Grain  yield ( ton ha−1) 
Treatment type F.C. S.C. Average F.C. S.C. Average 
Non- compaction 6 3.8 4.9 6.2 5.8 6 
Compaction 5.9 4 4.9 6.3 4.8 5.5 
 
Conclusion 

Lysimeter experiments were 
conducted for growth wheat plants 
(Triticum aestivum L.) using two irri-
gation regimes, field capacity (F.C.) 
and saturation capacity (S.C.), and 
five ammonium nitrate placements 
combined with moderate com-
pacted/non-compacted surface soil 
layer. Sandy loam soil was packed in 
the lysimeters. The upper 0.15 m soil 
layer was compacted moderately to 
1580 Kg/m3 in some lysimeters while 
the rest of soil layer (0.40-m deep) 
was packed at 1420 kg/m3. Some 
growth parameter growth parameters 
were measured for evaluation the ir-
rigation regimes, nitrate placement 
and surface soil compaction. the re-
sult showed that growth parameters 

such as germination percentage, total 
and grain yield improved under irri-
gation at filed capacity regime. All 
the studied growth parameter showed 
moderate compaction of the surface 
sandy loam soil layer is preferred 
compared to the un-compacted soil 
layer except the length of pike which 
showed similer values for compacted 
and un-compacted soil. So, it is rec-
ommended to use irrigation at filed 
capacity and the moderate compac-
tion of surface layer when cultivate 
wheat in sandy loam soil.        
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   القمح  نمو تأثير مستويات الري وأنماط وضع النيتروجين مع دمج التربة على
).Triticum aestivum L (  

  يسلمحسن  و سلمان عبداالله محسن عبد المنعم جامع، ابراهيم نصار نصار، محمود حفظي محمد عبدالعزيز
    اسيوطةجامع،كلية الزارعة ، ي والمياه قسم الاراض١
  دمنهور ةجامع،كلية الزارعة ، لمياه قسم الاراضي وا٢

 ملخصال
ثرة ؤتعتبر إدارة الري ونمط استخدام النيتروجين المرتبط بانضغاط التربة من العوامل الم           

تهدف هذه الدراسة إلى تقييم تأثير مستويات الري وأنماط وضـع الـسماد            . علي نمو نبات القمح   
بة الإنبات ، طول النباتات، طـول ووزن        النيتروجيني في وجود طبقة التربة المضغوطة على نس       

  . (.Triticum aestivum L) السنابل ، المحصول الكلي و محصول الحبوب للقمح
باستعمال تربة طمييـة رمليـة   )   متر٠,٥٥ x ١,٠ x ٠,٦٠(تم إجراء تجارب الليسيميتر 

 بجامعـة   في تصميم قطع منشقة بثلاثة مكررات في محطة التجارب الزراعية في كلية الزراعة            
 متر فـي    ٠,١٥حيث تم ضغط الطبقة العليا      . ٢٠١٧/٢٠١٨ و   ٢٠١٦/٢٠١٧ لموسميأسيوط  

تتكون التجربة من   . بعض الليسيميترات وتم اضافة سماد النيتروجين علي صورة نترات الامونيا         
 الرئيـسية   التجريبيـة فـى القطـع   ةوالسعة التشبعي ، هما السعة الحقلية استعمال مستويين للري

سماد فـي الطبقـة الـسطحية غيـر     خلط ال ( أنماط فى وضع النيتروجين وضغط التربة        وخمسة
، وضع السماد فوق سطح الطبقة المضغوطة ، وضع السماد تحـت سـطح الطبقـة     المضغوطة

، وضع السماد نثرا فوق الطبقـة   المضغوطة ، وخلط السماد فى الطبقة السطحية وضغطهما معا
  . الفرعيةفى القطع) السطحية غير المضغوط

تحسن بعض القياسات مثـل نـسبة    أوضحت النتائج أن الري عند السعة الحقلية أدى الي
الإنبات ، وزن السنابل ، المحصول الكلي ، ومحصول الحبوب للقمح مقارنة بالري عند الـسعة                

ع  ظل أنماط وض   فيكما كانت قيم الاختلافات لهذه القياسات معنوية الى عالية المعنوية           . التشبعية
ايضا كان من الواضع    . النيتروجين وضغط الطبقة السطحية للتربة تحت مستويات الري المختلفة        

أن الضغط المتوسط للطبقة السطحية للتربة أدى الى تحسين الصفات المدروسة باسـتثناء طـول      
  .السنابل ومحصول الحبوب

جود الطبقـة   بصفة عامة تأثرت بعض معايير النمو للقمح ايجابيا بشكل ملحوظ في ظل و            
لـذلك ومـن   . السطحية المنضغطة تضاغط متوسط للتربة وتحت مستوى ري عند السعة الحقلية  

خلال النتائج المتحصل عليها توصي هذه الدراسة بانه لتحسين معايير نمو القمح يفـضل الـري                
عند السعة الحقلية للتربة مع خلط النيتروجين في طبقة التربة الـسطحية المـضغوطة تـضاغط         

  .سطمتو
  وصفات النموليسيميتر ، الري ، انضغاط السطح القمح ، ال : الكلمات المفتاحية

 


