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ABSTRACT: A Field experiment was carried out at the EI-Gemmeiza Agricultural Research Station
Farm, affiliated with the Agricultural Research Center (ARC), El-Gharbia Governorate, during two winter
growing seasons of 2022/2023 and 2023/2024. The study assessed the impact of different tillage methods
and nitrogen fertilizer application rates on soil properties and wheat productivity. A split-plot
experimental design with three replications was used. The main plots were assigned to two tillage
treatments: no-tillage (T1) and conventional tillage to a depth of 0—40 cm (T2). Sub-plots received five
nitrogen application levels: 0 (N1), 44.62 (N2), 89.25 (N3), 133.88 (N4), and 178.50 (N5) kg.ha™ *.
Results demonstrated that the combination of no-tillage (T1) and the highest nitrogen rate (N5)
significantly improved soil chemical characteristics, including the availability of nitrogen, phosphorus,
and potassium, as well as organic matter content, electrical conductivity (EC), and pH, compared to
conventional tillage (T2) in both seasons. Additionally, no-tillage treatments showed higher water
consumption, productivity, and efficiency. Conversely, conventional tillage enhanced soil physical
attributes such as bulk density, total porosity, hydraulic conductivity, and cumulative infiltration rate.
Overall, no-tillage systems promote better synchronization between nitrogen availability and plant uptake,
improve fertilizer use efficiency, and reduce potential environmental impacts of nitrogen loss.
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INTRODUCTION 2015). In addition, Jat et al. (2012) reported that
the longer the duration of adoption of ZT (Zero
Tillage), the higher is the buildup of the soil OM.
No-till with NPK management, therefore, may
allow farmers to maintain high yields while
reducing soil and nutrient losses in this soil
condition. In the no-tillage system, at least 30%
of the ground is covered by plant residues, which
improves the soil properties and water resources,
saves energy and time, decreases the production
cost of crops, and reduces fuel consumption
(Afzalinia et al., 2011). Tillage practices have a
notable impact on soil infiltration rates, moisture
retention, and temperature regulation, and they
play a critical role in altering the soil’s physical,
chemical, and biological characteristics (Eileen,
2001; Nunes et al., 2018). Kustermann et al.
(2013) investigated the impact of three tillage
systems on wheat (Triticum aestivum L.) yield
within a crop rotation that included potatoes. The
treatments included conventional tillage (CT) to
a depth of 25 cm, reduced tillage at 18 cm (RT1),
and shallow reduced tillage at 8 cm (RT2), each
combined with varying nitrogen application

Tillage is one of the essential practices in
terms of agricultural management that leads to
disturbing, overturning, and rearranging the soil
particles and providing great soil physical
properties. That might affect the plants' growth
and yield (Karuma et al., 2014). At the soil
surface, the no-tillage system exhibited higher
bulk density, gravimetric moisture content, and
aggregate stability compared to the tilled system,
although it resulted in lower saturation or total
porosity. Regardless of the tillage method, bulk
density tended to increase with soil depth.
Among the various soil properties, chemical
characteristics were the most influenced by the
tillage regime. Notably, total organic carbon
content was significantly greater under no-tillage
conditions, particularly within the uppermost soil
layer. (Sokolowski et al., 2020). Zero tillage
(ZT) reduces soil erosion, which helps control
soil structural degradation, potentially increasing
the organic matter content and the presence of
microorganisms in the soil (Bottinelli et al.,
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rates. Their findings indicated that conventional
tillage (CT) resulted in higher wheat yields under
low to moderate nitrogen levels compared to
both reduced tillage treatments. Similarly, Rafi et
al. (2021) reported that zero tillage (ZT)
significantly reduces wheat sowing costs by
approximately 50-60% compared to
conventional methods, a key factor driving the
widespread adoption of ZT practices in rice—
wheat cropping systems. Furthermore, different
tillage systems notably influence soil physical
properties, plant-available water, organic matter
content, nutrient status, rice residue management,
wheat yield, and overall farm economics. Rafi et
al. (2012) highlighted that tillage methods and
crop residue management critically affect plant
growth and  productivity, with  residue
accumulation under zero tillage improving soil
health and enhancing vyield. Additionally,
Hemmat and Eskandari (2006) found that
combining zero tillage with straw mulching
significantly improved soil moisture retention,
benefiting crop performance during dry periods.

Wheat (Triticum aestivum L.) is the leading
staple food and a vital energy source in the
human diet. Wheat contributes about 30% of the
grain and 44% of cereal worldwide (Food and
Organization, 2009). It also provides around 55%
and 20% of carbohydrates and food calories
consumed across the globe, respectively.
Nitrogen fertilizer rate and time of application
significantly influence wheat grain yield (Sohail
et al., 2013). Nitrogen fertilizer application is
one of the main factors that affect wheat grain
quality. Therefore, N fertilizer management is
key to producing high-quality wheat (Abedi et
al., 2010). Moraru and Rusu (2012) examined
the influence of CT (conventional tillage), RT
(reduced tillage), and sowing with no-tillage
(NT) and suggest that the differences in wheat
yield with these systems are non-significant.
Khorami et al. (2018) noted that, the effects of
CT (conventional tillage), RT (reduced tillage)
and NT (no tillage) on several wheat genotypes
and concluded that the highest yields were
achieved in the RT system, followed by the CT
system, while the lowest yields occurred in the
NT system. Nitrogen fertilization strategies for
cereal crops must consider the type and the

appropriate  application rate, as nitrogen
requirements fluctuate throughout different
growth stages. Nitrogen plays a vital role in
supporting plant development, promoting
biomass accumulation, and ensuring grain
quality. However, it is also one of the most
mobile nutrients in the soil, making it susceptible
to leaching. Improper nitrogen management,
particularly excessive application, can lead to
significant nitrate losses, contributing to the
eutrophication of nearby surface water bodies
(Myrbeck, 2014).

This study aimed to assess the individual and
combined effects of tillage practices and nitrogen
fertilizer application on soil physicochemical
properties and wheat productivity. Additionally,
it aimed to evaluate the impact of these
treatments on water applied (WA), water use
efficiency (WUE), and water productivity (WP).

MATERIALS AND METHODS

This study was conducted as a field
experiment at the Experimental Farm of El-
Gemmieza Agricultural Research  Station,
Agricultural Research Center (ARC), El-Gharbia
Governorate, Middle Nile Delta region (30°43’
latitude and 31°47’ longitude). It was carried out
over two consecutive winter growing seasons
(2022/2023 and 2023/2024) to investigate the
individual and combined effects of tillage
practices and nitrogen fertilization on the
properties and fertility of clay soil and wheat
productivity.

A split-plot experimental design with three
replications was employed. The main plots were
assigned to two tillage treatments: no-tillage (T1)
and conventional tillage to a subsoil depth of 0—
40 c¢cm (T2). The sub-plots received five nitrogen
application levels: 0 (N1), 44.62 (N2), 89.25
(N3), 133.88 (N4), and 178.50 (N5) kg N ha™.
Each plot measured 3 x 3.5 meters. Certified
seeds of wheat (Triticum aestivum L., cv. Sakha
95) were obtained from the Field Crops Research
Institute, ARC, and sown at a seeding rate of 143
kg ha™ in both seasons. Sowing dates were
November 15th, 2022, and November 12th,
2023.
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Before planting, both undisturbed and
disturbed soil samples were collected from the 0
— 30 cm depth to assess initial soil
characteristics, as detailed in Tables 1 and 2.
Nitrogen fertilizer was applied as urea (46% N)
in two equal splits. The first was before the
initial irrigation, and the second was before the
subsequent irrigation. Phosphorus and potassium
fertilizers, such as ordinary superphosphate
(15.54 % P,0s) and potassium sulphate (48 %
K20) were applied at rates of 71 kg P,O5 ha™t
and 115 kg K,O ha™, respectively, before
planting. All other agronomic practices followed
the recommendations provided by the Egyptian
Ministry of Agriculture and Land Reclamation.
Table 3 shows the meteorological data of the

study area. It was downloaded from
https://power.larc.nasa.gov/data-access-viewer/.

Wheat was harvested on May 17th, 2023, and
May 10th, 2024. After harvesting, grain and
straw vyields were recorded for each plot.
Undisturbed soil samples were collected from the
plot's 0—30 cm layer post-harvest, air-dried in the
shade, ground, and passed through a 2 mm sieve.
Soil physical properties, including bulk density,
total porosity, infiltration rate, and hydraulic
conductivity, were measured and analyzed
concerning crop productivity, following the
procedures described by Klute (1986). Disturbed
soil samples were also taken from the same depth
and analyzed for selected chemical properties
according to A.0.A.C. (2012).

Table 1: Chemical and physical properties of the experimental soils.

pH EC Available NPK (mg kg™?) CEC
Season ) OM %
(1:2.5) | dscm’ N P K (Cmol kg%)
2022/2023 8.14 0.87 38.05 4.05 405.20 1.19 49.05
2023/2024 8.11 0.76 40.05 5.35 348.30 1.11 46.33
Particle size distribution (%)
Seasan _ Tex. HC IR
C.sand F. sand Silt Clay class cmhrt mmhr?
2022/2023 8.91 11.63 29.11 50.35 Clay 121 13.05
2023/2024 7.73 12.05 32.19 48.03 Clay 1.10 10.39

EC=Electrical conductivity, OM=0rganic matter, CEC= Cation Exchange Capacity, HC= Hydraulic conductivity and
(IR) Infiltration rate

Table 2. Bulk density and some hydrodynamic constants of the experimental soils.

Season 2022/2023

Season 2023/2024

Depth

(cm) e | we | aw | B P FC | wp | AW Bd P
(gcm-3) | (%) (gem3®) | (%)

0-30cm | 41.97 | 21.50 |20.47| 1.28 | 51.70 |4027| 21.02 | 1925 | 1.32 | 50.19

FC = Field capacity, Wp = Water point, Aw = Available water, Bd = Bulk density, and Total porosity = Tp.

Water Applied (WA).

It is the total amount of irrigation water
delivered to the field. Water was calculated

Q = flow rate of the system (in m3/hour)

according to Allen et al. (1998) as follows.

WA =
WA = Water applied (m3ha™?).

Qxt

A

t = irrigation time (in hours)
A = field area (in hectares)

Flow rate (Q) was calculated according to
Chadwick et al. (2013) as follows

Q = CA(2gH) °8
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Where:

Q = Discharge or flow rate (m3/s).

C = discharge coefficient t = 0.6 Range (0.6 &
0.8).

A = Cross-sectional area of orifice or pipe.

g = Acceleration due to gravity (= 9.81 m/s?).

H = Hydraulic head or fluid height above the
orifice (m).

Water consumptive use (WCU)

In establishing the crop (WCU), soil samples
were taken before and after 48 hours for each
irrigation from each plot. The consumption of
crop water between two consecutive irrigations
was calculated with the equation given by
Israelsen and Hansen (1962) as follows:

Q2- Q1

WCU (em) = == X Bd X ERZ

Where:

WCU = Water consumptive use (cm).

ERZ = Effective root zone depth (cm) at 60 cm
for wheat.

Bd = Bulk density of soil layer (g cm™3).

Q2 = Soil moisture content (%, wt/wt) 48 hours

after irrigation.

Soil moisture content (%, wt/wt) just

before the next irrigation.

Ql =

Water use efficiency (WUE)

Water use efficiency was
according to Jensen (1983) as follows:

calculated

WUE = ——
WCU

Where:

WUE = Kg grain m= water consumed.

Y = Grain yield (Kg ha).

WCU = Water consumptive use (m? hat).

Water productivity (WP)

Water Productivity (WP) was calculated
according to Ali et al. (2007) as kg grains/m®
water applied:

This parameter WP = Gy/I
Where:

Gy = Grain yield (Ton ha?)
| = Irrigation water applied m® ha.

Statistical analysis

According to the computer program Costate
statistical software, the data were statistically
analyzed using a split-plot design with three
replicates. Mean values were compared using the
least Significant Difference (LSD) and Duncan
(Costat, 2005).

Climatic Condition the meteorological data
including: (T- max) maximum temperatures (°C),
(T- min) minimum temperatures (°C), (T-mean):
mean of temperatures, (RH): relative humidity
(%), (WS) wind speed (m/s) and rainfall
(mm/day) during the two years of study were
recorded daily and their monthly mean values are
presented in Table 3.

Table 3. Meteorological data in the 2022/2023 and 2023/2024 growing seasons.

Month T- max T- min T-mean RH er(]riss_'f)eed R.F
lst 2nd lst 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
November | 26.84 | 25.55 | 11.17 | 11.85 | 19.01 | 18.70 | 60.51 |62.01|8.33 | 8.85 [0.089|0.11
December | 24.18 | 23.01 | 10.51 | 11.01 | 17.35 | 17.01 | 67.23 |69.08|7.96 | 8.05 | 0.41 | 0.36
January | 22.45|21.09 | 8.95 | 863 | 15.70 | 14.86 | 62.25 |66.27 | 6.69 | 6.61 | 0.36 | 0.96
February | 22.05|20.88 | 7.96 | 7.70 | 15.00 | 14.29 | 60.91 |67.69|6.09| 5.96 | 0.61 | 0.69
March 24.09 | 23.65 | 8.74 | 8.09 | 16.42 | 15.87 | 58.95 |56.05|5.95| 5.25 | 0.37 | 0.25
April 28.27 | 29.09 | 9.98 | 10.25 | 19.13 | 19.67 | 51.09 |52.13|6.03 | 5.86 | 0.03 | 0.04
May 35.71 | 34.61 | 10.05 | 10.79 | 22.90 | 22.71 | 41.01 |42.36|6.73 | 6.39 | 0.00 | 0.01

* Source: https://power.larc.nasa.gov/data-access-viewer/.
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RESULTS AND DISCUSSION
Soil physical properties

Table 4 presents the measured soil physical
properties such as bulk density (Bd), total
porosity (Tp), hydraulic conductivity (HC), and
cumulative infiltration rate (IR) recorded after
wheat harvest during both growing seasons, as
influenced by tillage treatments and nitrogen
fertilization. The results indicate that tillage
practices and nitrogen application rates
significantly affected all measured parameters.
Specifically, soil subjected to conventional
tillage exhibited lower bulk density and higher
values of total porosity, infiltration rate, and
hydraulic conductivity in the surface layer (0-30
cm) when compared to the no-tillage treatment.
These findings suggest that tillage enhances soil
physical conditions by loosening the surface
layer and promoting better water movement and
air circulation. Wherever, Nitrogen application
N2, N3, N4 and N5 severally decreased bulk
density values by 2.38, 3.17, 3.97 and 6.35%, in
the first season and decreased by 2.34, 3.13, 3.91
and 6.25% in the second season, consequently,
total porosity increased by 2.27, 2.99, 3.47 and
5.86% in the first season as compared to control
(N1), while their increases were 2.53, 3.29, 4.00
and 5.59% in the second season. In addition,
hydraulic conductivity increased by 7.25, 14.49,
20.29, and 44.93% in the first season and by
25.51, 30.61, 50.00, and 64.29% in the second
season. Also, the cumulative infiltration rate
increased by 7.44, 9.45, 10.84, and 18.14% in the
first season and by 8.25, 15.08, 14.93, and
22.23% in the second season. The application of
chemical fertilizers increased cumulative
infiltration and infiltration rate with time.
Nitrogen fertilizer application improves SOC
concentration, soil physical properties, and
infiltration rate (Bhattacharyya et al. 2007). A
positive correlation exists between SOC and
infiltration rate (Brar et al. 2015), as soil
aggregation is closely related to soil bulk density.
As chemical fertilizers don’t have a noticeable
effect on soil aggregation and flocculation, no
significant results were observed on the bulk
density of soil (Kumar et al. 2011). In contrast, a

marginal reduction is also reported in bulk
density at nitrogen, phosphorus, and potassium
application, possibly because of improved
biomass production and the consequential
upsurge in soil organic matter content (Bhatt et
al. 2019). Nitrogen application contributes to
enhancing the benefits of perennial pasture root
development, which in turn improves soil macro-
porosity. Root growth management is a key
strategy for enhancing soil structure and
increasing porosity. When comparing systems
over the two study years, saturated hydraulic
conductivity (HC) under conventional tillage
(CT) showed a decrease of approximately 6%
relative to no-tillage (NT) and vertical tillage
(VT). Across treatments, changes in Ks ranged
from 0.04 mm h™ ! to 6.43 mm h~ 1. However,
these variations were not statistically significant,
indicating that the differences observed among
tillage systems did not have a strong enough
effect to be considered conclusive at a
conventional  significance level. (Ordonez-
Morale et al., 2019). At 0 - 30 cm soil depth,
while the highest Tp and HC were recorded
under CT, the lowest were under ZT, also found
higher Tp and HC at the soil surface under
conventional tillage compared to zero tillage.
Similar to Bd and Tp, the trend of Tp and HC at
the subsurface depths (20 - 40 cm, 40 - 60 cm)
was reversed. The highest TP and HC were
recorded under ZT, and the lowest were under
CT (Abagandura et al., 2017). The hydraulic
properties of the soils are subject to temporal
changes in response to tillage and natural factors
such as rainfall, increase and decrease of
biological activity, root development, and the
drying and wetting cycle (Schwen et al., 2011).
Vogeler et al. (2009) detected higher HC values
under NT than CT in a German soil, while no
differences were reported under unsaturated
conditions. Zero tillage (ZT) has been shown to
enhance soil physical, chemical, and biological
properties; however, it may also lead to certain
drawbacks, such as increased bulk density.
Because of the maintained mulch loads,
conservation tillage, also known as minimum
tillage, considerably decreased soil loss and
runoff compared to conventionally tilled plots
(Bhatt and Khera, 2006). According to Castellini

81



El-Gamal, B. A.; et al.

et al. (2019), no-tillage can reduce aggregate
stability, potentially resulting in surface crusts
and relatively flat cumulative infiltration curves,
indicative of lower infiltration rates. Nitrogen
fertilization has been observed to promote root
growth and expansion while reducing the
nitrogen-to-carbon  (N:C) ratio. This shift
supports greater microbial activity, which
enhances organic matter decomposition, thereby
improving soil structure and reducing bulk

density (Al-Bayati et al., 2021). Moreover, no-
tillage systems are effective in conserving soil
moisture, as crop residues left on the surface
reduce evaporation and promote  water
infiltration (Shittu et al., 2017). In contrast,
conventional agricultural practices often create
pore spaces that facilitate water loss through
evaporation following rainfall events (Faris and
Sarbast, 2022)

Table 4: Effect of tillage and nitrogen fertilizer on some soil physical properties after wheat

harvesting.
% 1% season 2" season
o | S
g | £2
F é’ < (ng:Br(rjrl) (-;5) (cljncr:l ri) (cn:Er'l) (glcarg'l) (-<|’—/E) (cl_r|ncr:1 ri) (cr‘rl1|r?r'1)
e
£
N1 1.29 51.32 0.95 12.08 1.30 | 50.94 0.73 9.89
g N2 1.26 52.45 1.14 13.06 1.28 51.70 0.93 11.16
i:? N3 1.25 52.83 1.23 13.45 1.26 52.45 0.95 12.23
g N4 1.24 53.21 1.31 13.53 1.26 52.45 1.11 12.22
N5 1.21 54.34 1.58 14.78 1.23 53.58 1.23 13.77
N1 1.23 53.58 1.82 16.69 1.26 52.45 1.22 15.57
S N2 1.19 55.09 1.82 17.86 121 54.34 1.53 16.40
% N3 1.18 55.47 1.93 18.05 121 54.34 1.61 17.07
[ N4 1.18 55.47 2.02 18.36 1.19 55.09 1.82 17.03
N5 1.14 56.98 242 19.21 1.18 55.47 1.98 17.53
LSD g05 T*N ns ns ns ns ns ns ns 1.06
N-tillage 1.25a 52.83b | 1.24b 13.38b 1.26a | 52.28b | 0.99b 11.85b
Tillage 1.19b 55.27a | 2.00a 18.03 1.21b | 54.31a | 1.64a 16.72a
LSD gos T 0.040 1.42 0.20 0.67 0.01 0.38 0.30 0.99
N1 1.26a 52.52¢ | 1.38c 14.39c¢ 1.28a | 51.70d | 0.98d 12.73c
N2 1.23b 53.71b | 1.48bc | 15.46b 1.25b | 53.01c | 1.23c 13.78b
fe'\r’::ﬂigr N3 | 1.22b | 54.09b |158bc| 15.75b | 1.24bc |53.40bc| 1.28bc | 14.65b
N4 1.21b 54.34h | 1.66b 15.95b 1.23c | 53.77b | 1.47ab | 14.63b
N5 1.18c 55.60a | 2.00a 17.00a 1.20d | 54.59 1.61a 15.56a
LSD ¢.05s N 0.03 1.03 0.21 0.57 0.014 0.51 0.22 0.97

e N1, N2, N3, N4, and N5 =0, 44.63, 89.25, 133.88, and 178.50 kg N ha'™.
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Soil chemical properties

The application of nitrogen fertilization as
urea and tillage showed a slight improvement in
soil chemical properties (Table 5). The best
values of soil chemical properties were recorded
with the treatment of tillage than with no tillage.
The lowest value of determined parameters was
recorded from the treatments with no nitrogen
fertilizer application. Also, it could be noted
from the results that the application of N5 led to
a decrease in soil pH of 0.87 and 0.75% in the
first and second seasons, respectively, compared
to the control (N1). Treatment of N5 gave the
most significant increase in percent of EC, which
were 7.89 and 15.15% in the first and second
seasons, respectively, compared to the control.
The rate of N increases was 68.08 and 53.319%,
and for available P, it was 30.39 and 19.90%,
and also for available K, it was 17.38 and
15.63%, and for OM content, it was 21.26 and
24.78% with treatment of N5 in the first and the
second season, respectively, as compared to the
control. Which reported that the decrease in pH
with N-fertilizer might be attributed to the
nitrification of NH4+, which produces H+ ions,
thus increasing soil acidity and H* released by
roots. ZT plots reportedly suffer from
significantly higher weed pressure because of
surface-placed seeds and better availability of
water and nutrients. Higher organic carbon status
was reported under zero-tilled plots compared to
conventional tilled plots. Thus, under ZT,
nutrient availability increases near the soil
surface, which might be available to the seeds,
whether an economic crop or weeds (Bhatt,
2015). Also, these results may be due to the
application of N levels increasing soluble ions,
especially in the upper depth, consequently
promoting values of EC. The plant residual may
help build C and N contents in soils, particularly
the soils with low levels of inherent C and N,
which have potential supplies of nutrients.
Kustermann et al. (2013) examined the effects of
a conventional and reduced treatment with
different N rates on wheat (Triticum aestivum L.)
yield in a crop rotation with potatoes; they
collected data that indicated that traditional
tillage (CT) at low and medium N rates produced

higher wheat yields than (RT). This may be due
to the higher mass of harvest residues (roots and
stubble) remaining on plots fertilized with high
doses of nitrogen. Similar observations were
made for total N content in the soil. According to
Wozniak and Gos 2014 the available phosphorus
content in the soil was lower in the plots with the
CT (conventional tillage), compared to that
found with NT (no-tillage) and RT (reduced
tillage), while tillage systems or nitrogen doses
did not determine potassium and magnesium
contents.

Water properties and wheat grain
yield measurements

The results in Table 6 show water applied
(WA), WCU, WUE, WP, and wheat grain yield
with N application under tillage systems. No-
tillage decreased WP, WCU, and grain vyield;
consequently, WUE and WP were increased in
the two seasons. Treatments of N5 resulted in a
decrease of WA by 5.13 and 5.19%, and a WCU
decrease of 6.20 and 9.12% in the first and the
second season, respectively. On the other hand,
N5 improves WP and WUE by 55.38 and
42.06% in the first season and increases by 48.17
and 42.73% in the second season, respectively,
as compared to the control (N). Treatment under
the No Tillage (NT) system compared with CT
pertains to the enhanced water movement in the
soil and improved soil aggregate development.

It is essential to consider economic indicators
to optimize the rational use of nitrogen fertilizers
for topdressing winter wheat. Achieving higher
yields is necessary; however, it is equally crucial
to ensure that the costs associated with fertilizer
application are offset by the economic returns
from the increased grain production (Zhichkina
et al., 2022). The beneficial effect of ZT is not
only the reduction in the water loss (e.g.
evaporation) but it also increases soil moisture
availability and decreases tractor time with an
average of 8.9 h ha' or an average 81% and
diesel use in the range of 15-60 ha? or an
average 81% saving in the form of farm energy
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consumption (Erenstein and Laxmi, 2008). No
tillage increases the soil water retention in rain-
fed environments (Colecchia et al., 2015). The
no-tillage system is essential to improve soil
water storage by reducing evaporation from the

upper layer of soil (Afzalinia et al., 2011).
Applying a no-tillage system reduces water
evaporation and increases water availability and
OM for the plants to grow. (Al-Wazzan and
Muhammad, 2022).

Table 5: Effect of tillage and nitrogen fertilizer on some soil chemical properties after wheat

harvesting.

2 15t season 2" season

@
o % pH Auvailable NPK Auvailable NPK
g = (112-5_) (mg Kg) Organig pH (mg Kg) Organid
= g, [Suspension dgnci'l) matter [ (1:2.5) (dgrcr:rl) matter

g N b k| (@) [suspension N p k| ©0)

z

N1 8.03 0.79 | 2830 | 454 [427.00| 1.31 7.97 0.66 | 30.82 | 6.03 [398.33 | 1.14
"H: N2 8.02 0.84 | 34.65 | 5.06 |456.67| 141 7.95 0.70 | 36.96 | 6.58 |431.67 | 1.26
g’ N3 7.99 0.84 | 39.48 | 5.40 [460.00| 151 7.91 0.74 | 41.12 | 6.44 | 436.67 | 1.33
g N4 7.96 0.83 | 43.37 | 5.62 |491.67| 158 7.91 0.77 | 47.40 | 6.96 |441.67| 1.40

N5 7.92 0.86 | 45.80 | 5.97 |526.67| 1.62 7.91 0.77 | 51.81 | 7.23 |461.67 | 1.45

N1 7.99 0.73 | 2470 | 4.07 |415.00| 1.23 7.99 0.65 | 30.13 | 5.62 |380.00| 1.12
o N2 8.00 0.74 | 32.02 | 419 [439.33| 1.29 7.96 0.68 | 35.44 | 6.16 | 405.00 | 1.22
% N3 7.98 0.74 | 37.40 | 456 |436.67| 1.35 7.95 0.71 | 38.60 | 6.40 |423.33| 1.23
= N4 7.96 0.76 | 40.52 | 4.92 |44167| 1.35 7.94 0.71 | 0.65 | 6.55 [428.33| 1.26

N5 7.95 0.77 | 43.28 | 5.27 |461.67| 147 7.93 0.74 | 41.65 | 6.75 | 438.33 | 1.37

LSD o005 T*N ns ns ns ns 19.03 ns ns ns 1.35 ns ns ns

NO-tillage 7.98a 0.83a | 38.32a| 5.32a |472.40a| 1.49a 7.95b 0.72a | 41.62a | 6.65a |434.00a| 1.32a
Tillage 7.98a 0.74b |35.58b | 4.60b |438.87b| 1.34b 7.93a 0.70a | 37.30b| 6.30a [415.00b| 1.24b
LSD oos T ns 031 | 254 | 042 | 22,67 | 0.080 | 0.035 ns | 190 | ns | 7.450 | 0.07

N1 8.01a 0.76c |26.50e | 4.31e |421.00d| 1.27d 7.98a 0.66d |30.48e | 5.83c |389.17d| 1.13d

N2 | 8.0la |0.77bc|33.33d| 4.63d |448.00c| 1.35c | 7.95b | 0.69c |36.20d | 6.37b |418.33c| 1.24c

fe'\r/glr:i:er N3 7.99b |0.79ab|38.44c| 4.98c |448.33c| 1.43b 7.93c 0.73b [ 39.86¢ | 6.42b |430.00b| 1.28bc

N4 7.96¢ 0.80a |41.94b| 5.27b |466.67b| 1.47b 7.93c 0.72b | 44.02b | 6.76a [435.00b| 1.33b

N5 7.94d 0.82a |44.54a | 5.62a |494.17a| 1.54a 7.92¢ 0.76a | 46.73a| 6.99a |450.00a| 1.41a
LSD 005 N 0.016 0.026 | 1.94 | 0.30 | 17.58 | 0.053 0.017 0.026 | 1.13 | 0.28 | 11.50 | 0.050
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Table 6: Effect of tillage and nitrogen fertilizer on WA, WCU, WUE, WC, and grain yield after
wheat harvesting.

c
jéf 15t season 2nd season
% Pz
= 2|1 wa | wcu | wue | wp . WA | wcu |WUE| wp .
£ Grain Grain
g _ _ , .| Kghat , , , | Kghat
£ | (m*ha?) | (m* ha?) |(Kgm®) (Kgm?) (m*ha) | (m*ha?) |(Kg m3)|(Kg m?)
N1 | 5078.33 | 4236.7 | 1.308 | 1.09 | 5541.60 | 4823.33 | 3975.00 | 1.39 | 1.15 | 5525.25
T | N2 | 497667 | 41333 [1.4827 | 123 | 612844 | 4749.33 | 387333 | 1.48 | 1.21 | 573253
;:? N3 | 494000 | 4110 |[1.6506| 1.37 | 6783.97 | 4740.00 | 3813.33 | 1.68 | 1.35 | 6406.39
E N4 | 494333 | 4065 |[1.8209| 1.50 | 7401.96 | 4656.67 | 378333 | 1.88 | 1.53 | 7112.66
N5 | 4818.33 | 4008.3 |[2.0693 | 1.72 | 8294.38 | 4536.67 | 3594.00 | 2.14 | 1.70 | 7691.16
N1 | 5750.00 | 4673.3 [1.2917 | 1.05 | 6036.50 | 5700.00 | 4460.00 | 1.34 | 1.05 | 5976.40
& | N2 | 561300 | 4570 | 1.304 | 113 | 637058 | 5626.67 | 438667 | 144 | 112 | 6316.80
S | N3 | 5533.33 | 4523.3 |15278 | 1.25 | 6910.70 | 5593.33 | 431000 | 157 | 1.21 | 6766.70
F | N4 [ 540000 | 44767 | 1.7154 | 1.40 | 767933 | 553000 | 432333 | 168 | 131 | 7263.19
N5 | 5456.67 | 4349.7 |1.9716 | 1.57 | 8575.87 | 5443.33 | 4071.67 | 1.92 | 1.43 | 7817.61
LSD 005 T*N ns ns ns ns ns ns ns ns ns ns
No-tillage | 4951.33a |4110.67b | 1.67a | 1.32a |6830.07b | 4701.20b | 3807.80b | 1.71a | 1.39a | 6493.60b
Tillage | 5568.67b | 4518.60a | 1.58b | 1.23b | 7114.60a | 5578.67a | 4310.33a | 1.59b | 1.22b | 6828.14a
LSDoosT | 15039 | 4145 | 0.059 |0.035| 17619 | 11056 | 4735 | 006 | 0 | 1208
N1 | 5414.17a | 4455.00a | 1.30e | 1.07e | 5789.05¢ | 5261.67a | 4217.5a | 1.37e | 1.10e | 5750.38¢
N2 | 5295.00b |4351.67b | 1.44d | 1.14d | 6249.51d | 5188.00ab | 4130.00b | 1.46d | 1.16d | 6024.67d
feTtii?iirer N3 |5236.67bc | 4316.67b | 1.59¢ | 1.26¢ | 6847.33c | 5166.67bc | 4061.67c | 1.63¢ | 1.28¢ | 6556.55¢
N4 | 5216.67c |4270.83b | 1.77b | 1.38b | 7540.64b | 5093.33c | 4053.33¢ | 1.78b | 1.42b | 7187.93b
N5 | 5137.50d | 4179.00c | 2.02a | 1.52a | 8435.12a | 4990.00d |3832.83d | 2.03a | 1.57a | 7754.38a
LSDoosN | 6303 | 8325 | 0.084 |0047 | 33384 | 8624 | 5454 [0.062 0063 224.32
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