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Abstract | The present study was conducted on different tillage on soil depths (i.e., 0-15 cm, 16 to 30 cm, and 
31 to 45 cm) and showed significant influence on pH, electrical conductivity of soil (ECe), soil aggregates, 
organic matter (OM), calcium, magnesium, chloride, carbonate, and bicarbonate. The tillage practices were 
shallow and deep tillage-assisted with compost, poultry residuals, NPK, and FM (farmyard manure) in the 
study area for the wheat crop. It was found that the most effective tillage practices were Deep + NPK and 
Deep + FM in the study area for the crop. The maximum values of micro, macro, and stability aggregates 
ranged from 10.86 to 21.41, 73.32 to 82.95, and 13.63 to 28.71 g/m3 while treated with different shallow and 
deep manure in the wheat experiment during cropping years 2019-20 and 2020-21 respectively. Similarly, the 
OM ranges from 0.60 to 1.48 in the wheat experiment during 2019-20. The present experiment found that 
the most efficient tillage methods for the wheat crop were shallow tillage + compost and deep tillage + NPK 
respectively. On the other hand, the highest calcium (Deep + FM), magnesium (Deep + Poultry, Shallow 
+ FM), chloride (Deep + NPK and compost), and carbonate and bicarbonate (Deep + FM and Compost) 
treatments were found during the cropping year 2019-20 and 2020-21 experiments. Based on experimental 
results under wheat crop, application of reduced tillage treatment is recommended that would increase 
the greater marginal rate of return as compared to conventional and no-tillage treatments. Comparable 
investigations need to be carried out in other ecological zones of Pakistan on different types of soils to introduce 
appropriate tillage practices that perform better and are site-specific not only for wheat rotation but for other 
crops. Further experiments should be conducted to analyze the impact of deep tillage treatments on the tillage 
practices and organic fertilizers on soil properties, growth, and yield of the wheat crop.
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Introduction

Wheat (Triticum aestivum L.) is among the 
largest and most significant cereal grains. It 

is a member of the Graminae family, which includes 
several species such as rice, barley, and maize. Wheat 
is the world’s leading crop in terms of both area and 
output. Wheat is a Pakistan’s most important crop, 
with output increasing by 2.5 percent to 24.946 
million tonnes (GoP, 2020). Wheat has a great 
nutritive level. It is made up of 14.7 percent protein, 
2.1 percent fat, 2.1 percent mineral content, and 
78.11 percent starch (Shewry and Hey, 2015). It plays 
an important role in physical nourishment as well as 
industrial applications. Pakistan is an overcrowded 
nation, and its populace is growing day by day. To 
satisfy rising requirements, wheat may be an excellent 
complement to rice, Pakistan’s staple grain, and can 
play an essential role in feeding the country’s people. 
Furthermore, the wheat harvest was planted on 8,734 
thousand hectares, a 2.6 percent decrease from the 
previous year’s crop of 8 thousand hectares (GoP, 
2019; 2020).

Wheat crop productivity and output are influenced 
by climate conditions, cultivar, tillage techniques, and 
other factors. Tillage seems to be the ancient and most 
essential farm operation, as well as the initial stage 
in crop production. Tillage is described as physical, 
chemical, or biological soil modification to maximize 
conditions for germinating seeds, emergence, and 
seedlings development reported  by De-Vita et al. 
(2007) and Lal and Kimble (1997), Lal (2018). Tillage 
processes thwart weeds, provide an appropriate 
seedbed for crop plants, and infuse organic matter 
into the growing medium, improving the physical soil 
conditions and bringing out improved nutrient and 
water relations. Tillage also plays an important role 
in root expansion and advancement by controlling air 
and water progression to some extent and nutritional 
supply to the root system of growing plants. Different 
tillage operations can affect soil physical qualities such 
as bulk density, moisture, and porosity (Salem et al., 
2015). Agricultural residues have such a high carbon/
nitrogen C/N ratio, as well as significant lignin and 
polyphenol levels, and the breakdown and release 
of nutrients gradually, whereas other organic inputs 
(such as animal manure, biofertilizer, slurries, and so 
on) may be a preferable choice since they disintegrate 
quickly and are accessible for plant uptake ( Javeed 
et al., 2013). Another study, Puerta et al. (2018), 

found that integrating organic crop monitoring 
with decreased tillage improves soil structure during 
continuous cultivation. Organic fertilizers and limited 
tillage, according to Maltas et al. (2018), are efficient 
ways to preserve land fertility and cereal output in 
the examined soil. According to Jiao et al. (2006), the 
conjunction of organic manures and no-tillage (NT) 
improved the soil organic matters (SOM) content in 
the top 10 cm of sandy loam soil compared to the 
conventional tillage with mineral fertilization.

Soil organic matter is an important determinant 
in long-term land fertility and crop yield. Organic 
additives reduced soil bulk density while increasing 
overall porosity, moisture content, and organic matter 
content (Bot and Benites, 2005). This essential 
component of soil is dwindling because of intense 
cultivation, high temperatures, and heavy rains. 
The value of farmyard manure, particularly chicken, 
cow, sheep, and goat manures, for long-term soil 
fertility and crop efficiency, has long been known. 
Mineralization occurs in the manure, resulting in 
the emission of significant amounts of N, P, K, S, 
and a lower number of micronutrients. Manure has 
a significant impact on soil in terms of improving 
its physical, chemical, and biological qualities. Thus, 
manure can function as a buffer medium to create a 
conducive soil environment for increased crop output. 
Manure application to light soil improves overall 
porosity and moisture content, nutritional profile, 
and organic matter content. It makes thick soil more 
friable and facilitates tillage. The application of manure 
reduces the cohesiveness and elasticity of heavy soils 
(He and Zhang, 2014). Furthermore, it enhances soil 
structure while decreasing bulk density, surface runoff, 
and eroding losses. Soil restoration with farmyard 
manure considerably boosts SOM and minimizes the 
demand for fertilizers by offering a supply of nutrients 
for crops (Khan et al., 2012). Nutrient-rich organic 
fertilizers have been demonstrated in several studies 
to increase soil’s physical, chemical, and biological 
qualities, as well as crop output (Hasnain et al., 2020). 
Sayara et al. (2020) proved that compost was a better 
alternative to synthetic fertilizers for improving soil 
quality, fertility, and crop yields.

An appropriate mix of organic and inorganic nutrients 
is required for improved soil conditions and rising 
agricultural output. The usage of organic manure in 
conjunction with chemical fertilizers increases output 
consistency and preserves soil fertility (Graham et al., 
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2017). Tillage with organic additions would enhance 
soil physicochemical qualities, resulting in improved 
crop growth and production. Soil physical qualities 
that are beneficial to farmers must be addressed for 
sustained and better crop yields. Thus, research into 
the effects of tillage techniques and organic fertilizers 
on soil characteristics, growth, and yield of wheat 
crops is required.

Materials and Methods

Experimental site and design
The current study was conducted to assess the effect 
of tillage practices and organic fertilizers on the soil 
properties of the wheat crop at the farmers’ field in 
Districts Sanghar of Sindh province of Pakistan. 
There were eight (08) different treatments shown in 
following Table 1.

Table 1: Details of the experiment as described in 
treatments.
Treatments Details 
T1 Shallow Tillage + Compost (no organic fertilizer)
T2 Shallow Tillage + Poultry Manure
T3 Shallow Tillage + NPK 
T4 Shallow Tillage + Farmyard Manure
T5 Deep Tillage + Compost (no organic fertilizer)
T6 Deep tillage + Poultry Manure
T7 Deep tillage + NPK 
T8 Deep tillage + Farmyard Manure

The treatments were laid up in a three-replication 
randomized complete block design (RCBD). The 
experimental field (32 m 80 m) was divided into 24 
plots (each 10 m 10 m).

The field method 
The field method was defined as a qualitative method 
of data collection that aims to observe two different 
types of tillage systems, (i.e., shallow tillage, and deep 
tillage systems).

Shallow tillage
Shallow tillage was incorporated, consisting of two-
disc harrow passes (to a depth of, 0.10 m), whereas 
deep tillage consisted of a moldboard plough 
accompanied by two-disc harrow passes (to a depth 
of 0.30 m) and (to a depth of, 0.10 m).

Deep tillage systems	
The systems of tillage were a set of activities employed 

to alter soil in order to raise a plant. Deep tilling the 
land, planting the seed, fertilizing the crop, pesticide 
treatment for pest control, harvesting, and cutting 
the residues or shredding were all done. The methods 
employed to carry out these procedures affect the 
chemical and physical qualities of the soil, which in 
turn affect plant growth. Understanding the activities 
associated with each tillage scheme is the first step in 
making fertilizer management decisions.

Preparation and application of manure and compost
Manure (i.e., poultry, cattle, sheep, and goat) 
were obtained from the different Livestock farms 
surrounding the study area. Manures were stored 
in storage units at room temperature and were 
thoroughly mixed and overturned weekly for one 
month. Compost was prepared with poultry manure, 
cattle manure, sheep, and goat manure in a 1 × 1-meter 
pit. It was thoroughly mixed and inverted weekly until 
it was converted into humus form (i.e., dark brown in 
color, odorless and friable). Before sowing the crops, 
the manure and compost were distributed manually 
at a dosage of 10 Mg ha-1 on selected treatment plots 
and were promptly integrated into the soil using 
shallow and deep tillage procedures. The control plots 
received no manure or compost but were exposed to 
the identical tillage procedures as the experimental 
plots.

Physicochemical properties of soil 
The physicochemical properties of soils, along with 
associated interrelationships, were examined in 
this research. Soil quality is directly associated with 
soil moisture content, soil texture, bulk density, soil 
porosity, field capacity, soil fertility, fertilizer usage 
efficiency, pH value, ECe (dS/m), calcium (mg/kg), 
magnesium (mg/kg), chloride (mg/kg) and carbonates 
and bicarbonates.

Soil sampling method
By the use of a soil auger for soil sampling, soil 
sampling was acquired at the depths of 0–15 cm, 16–
30 cm, and 31–45 cm across four randomly chosen 
places in each plot to assess soil moisture content, soil 
texture, and organic matter. The dry bulk density of 
the soil was evaluated using a core sampler.
 
Soil moisture content
The amount of water in the soil is indicated by the 
soil moisture content. It is generally expressed as the 
volume of water present (in mm of water depth) in 
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one meter of soil. The soil’s moisture content was 
calculated using the gravimetric technique (Blake and 
Hartge, 1986) by using the subsequent formula:

  .  (%)  100
   

Weight of waterM C
Weight of dry soil

= ×   …. (1)

Soil texture
Soil texture was analyzed by pipette method, the soil 
texture (such as loam, sandy loam, or clay) refers to the 
proportion of sand, silt, and clay-sized particles that 
make up the mineral fraction of the soil. The texture 
of the soil is an essential soil feature that influences 
crop yield and field management (Greve Fehrenbach, 
2012). Soil grains can be organic or mineral, however 
in the majority of the  soils, the mass of particles is 
mineral, hence these soils are referred to as mineral 
soils.

Dry bulk density
The dry bulk density was calculated using the 
gravimetric technique (Blake and Hartge, 1986) and 
the following relationship:

( )3 / Dry weight of soilDry bulk density g cm
Total volume of soil

=   … (2)

Soil porosity
The percentage of total soil volume occupied by pore 
space is referred to as soil porosity (Nimmo, 2004). 
The following relationship was used to calculate soil 
porosity.

1   100d

s

n ρ
ρ

= − ×    … (3)

Where; n= soil porosity (%), and ρs = particle density 
(g/cm3).

Soil aggregation
Soil aggregation is a critical process for SOM stability, 
particularly in organic soils (Lutzow et al., 2006). It has 
an impact on the physical (aeration), chemical (water 
infiltration), and biological (microbial) activities of 
the soil. Soil aggregation was determined by Van 
Bavel’s (1949) method using the following formula:

n

i i
i=1

MWD = x w∑ … (4)

Where; MWD= Mean weight diameter, xi= mean 
diameter of adjacent sieves, and wi= proportion 

(fraction) of total sample retained on the sieve.

Organic matter content
The organic matter content (OMC) of soils is 
made up of both live and dead organic components 
(Stevenson, 1994). The organic carbon content was 
calculated using the following formula (Walkley and 
Black, 1934).

( )
( )

0.003 100
.  (%)

     
B S N

O C
Wt of soil in g Oven dry

− × × ×
= … (5)

Where; B= the amount of 0.5 N ferrous ammonium 
sulphate necessary to titrate the blank, S= is the 
amount of standard 0.5 N ferrous ammonium sulphate 
necessary for the soil sample, and the normality of 
standard ferrous ammonium sulphate (0.5N).

Statistical analysis
The data was statistically analyzed using the statistics-8.1 
(Analytical Software, 2005) tool. Where required, the 
differences between treatments were compared using 
the least significant difference (LSD) test.

Results and Discussion

The Figure 1 and Table 2 consisted of two components 
(i.e., soil characteristics and physiochemical properties) 
of the experimental site area. The morphological 
parameters are sand %, silt %, clay %, bulk density 
(g/cc), porosity %, and field capacity % of study area 
are revealed that 32.30, 41.32, 33.98, 1.54, 37.97, and 
23.43, respectively. On the other hand, the clay loam 
soil texture class was determined.

Figure 1: Soil characteristics of experimental site area.

The soil physiochemical characteristics of the 
experimental field, the soil were examined at 
various depths (i.e., 0-15, 16-30, and 31-45 cm) 
before beginning the experiment, and the physical 
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and chemical characteristics of the materials were 
investigated as shown in Table 2. The present result 
showed that the pH ranged from 7.67 to 8.13 in 
the study area field, respectively. Similarly, the ECe 
ranged between 0.73 to 0.79 dS/m, organic matter 
ranged between 0.83 to 0.85, calcium ranged between 
8.53 to 9.04, magnesium ranged between 8.53 to 9.04, 
chloride ranged between 0.77 to 0.83 and carbonate 
and bicarbonate ranged between 0.70 to 0.72 in the 
study area before the study. 

Table 2: Morphological, physical, and chemical properties 
of experimental site.
Properties Unit (cm) Physiochemical 

characteristics
pH 0-15 7.67

16-30 8.09
31-45 8.13

ECe (dS/m) 0-15 0.73
16-30 0.78
31-45 0.79

Organic matter 0-15 0.83
16-30 0.83
31-45 0.85

Calcium 0-15 8.53
16-30 8.69
31-45 9.04

Magnesium 0-15 8.53
16-30 8.69
31-45 9.04

Chloride 0-15 0.83
16-30 0.79
31-45 0.77

Carbonate & Bicar-
bonates 

0-15 0.72
16-30 0.71
31-45 0.7

The rainfall and temperature data monthly minimum 
and maximum temperatures were recorded during 
both growing seasons (i.e., 2019-20 to 2020-21). The 
detailed rainfall and temperature data are shown in 
Figure 2.

The pH of the soil is crucial because it impacts the 
availability of vital nutrients. Figure 3 concluded that 
the pH of the soil was not dramatically altered by 
tillage intensity, poultry manure, and NPK during both 
experiments during 2019-20 and 2020-21. The results 
of different depths of soil i.e., 0-15 cm, 16 to 30 cm, 

and 31 to 45 cm reveal that the soil’s highest average 
value of pH was 8.63, 8.47, and 8.47 in found Deep 
+ NPK treatments, while the lowest value of pH were 
7.53, 7.67 in Shallow + Compost, Shallow + FM, 
and 7.53 in Deep + Compost treatments followed by 
Shallow + Compost treatment, respectively, the all-
treatments data were founded significant during the 
2019-20 experiment were showed in Figure 3A. 

Figure 2: Monthly metrological data of the experimental site.

Figure 3: Effect of tillage intensity, fertilizer and manuring on pH 
values were determined (A) 2019-20 and (B) 2020-21.

During 2020-21, the soil pH was not considerably 
affected by tillage intensity, poultry manure, and NPK 
treatments. The highest mean of pH was 8.37 found 
in Deep + FM, 8.17 in Deep + NPK, and 8.17 found 
in Deep + NPK and Deep + FM treatments, while the 
lowest mean of pH was 7.27 in Shallow + Compost, 
7.23 and 7.37 in Shallow + Poultry. The interaction 
of different tillage intensity, poultry manure, and 
NPK was non-significant in the 2020-21 years of 
experiments were determined in Figure 3B.

The ECe (dS/m) was significantly affected by tillage 
intensity, poultry manure, and NPK during both 
experiments during 2019-20 and 2020-21 in Figure 
4A and B. The results of different depths of soil i.e., 
0-15 cm, 16 to 30 cm, and 31 to 45 cm revealed that 
the highest average value of ECe was 1.17, 1.18, and 
1.25 dS/m found in Deep + Compost treatments, 
respectively. Moreover, the lowest value of ECe was 
0.44, 0.51, and 0.51 in Deep + FM followed by Deep 
+ Poultry treatments during the 2019-20 experiment 
found in Figure 4A. 
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Figure 4: Effect of tillage intensity, fertilizer and manuring on ECe 
(dS/m) were determined (A) 2019-20 and (B) 2020-21.

During 2020-21, the ECe values were slightly 
deceased in entire treatments. Meanwhile, the soil 
ECe was not affected by tillage intensity, poultry 
manure, and NPK treatments. The highest mean of 
ECe was 0.94, 0.93, and 0.93 found in Deep + NPK 
treatment, while the lowest mean of ECe was 0.44, 
0.45, and 0.45 in Shallow + FM. The interaction of 
different tillage intensity, poultry manure, and NPK 
was significant in both years of experiments shown in 
Figure 4B.

The soil aggregates are essential structures for ideal 
soil functioning. Figure 5A and B concluded that 
soil aggregate was not dramatically altered by tillage 
intensity, poultry manure, and NPK during both 
experiments during 2019-20 and 2020-21. The results 
of different types of soil aggregate stability i.e., micro-
aggregate, macro-aggregate, and aggregate stability 
reveal that the soil aggregates highest average value 
was 21.41, 84.05, and 27.23 found in Deep + NPK, 
Shallow + Compost, Deep + Poultry treatments, while 
the lowest value of soil aggregates was Shallow + FM 
(12.51), Deep + NPK (73.32), and Shallow + NPK 
(13.93) treatments, respectively, the all-treatments 
data were founded significant during the 2019-20 
experiment were determined in Figure 5A. 

Figure 5: Effect of tillage intensity, fertilizer and manuring on soil 
aggregates with wheat crop during 2019-20 (A) and 2020-21 (B).

Figure 6: Effect of tillage intensity, fertilizer and manuring on 
organic matter during the year 2019-20 (A) and 2020-21 (B).

During 2020-21, the soil aggregate was not 
considerably affected by tillage intensity, poultry 
manure, and NPK treatments. The highest mean of 
soil aggregates was determined at 20.11, 82.95, and 
28.71 in Deep + NPK treatment, while the lowest 
mean of soil aggregates was 10.86, 74.08, and 13.63 
in Shallow + NPK. The interaction of different tillage 
intensity, poultry manure, and NPK was significant in 
the 2020-21 years of experiments found in Figure 5B. 

The results showed that most treatments greatly 
improve the organic matter content of the soil in 
Figure 6A and B. Tillage intensity, chicken manure, 
and NPK had little effect on soil organic matter 
content during both experiments during 2019-20 and 
2020-21. The results of different depths of soil i.e., 
0-15 cm, 16 to 30 cm, and 31 to 45 cm reveal that the 
highest organic matter content was 1.45, 1.48, and 
1.42 found in Deep + Poultry treatments, while the 
lowest value of organic matter were 0.60, 0.60, and 
0.60 in Shallow + NPK and deep + NK during the 
2019-2020 experiment were identified in Figure 6A. 

Figure 6B shows that the organic matter increased in 
Shallow + FM (10.03), Shallow + Compost (10.50), 
and Deep + FM (11.03) treatment. Meanwhile, 
treatments of tillage intensity, poultry manure, and 
NPK treatments had little effect on the organic matter 
during 2020-2021. The highest value of organic matter 
was 11.03 found in Deep + FM treatment, while the 
lowest value of organic matter was 0.60 in Shallow 
+ NPK, and Deep + NPK treatment. In both years 
of testing, the interaction of varied tillage intensities, 
poultry manure, and NPK was significant.

Figure 7: Effect of tillage intensity, fertilizer and manuring on 
calcium (mg/kg) were found in 2019-20 (A) and 2020-21 (B).

Figure 7A and B demonstrates that calcium was 
changed in 2020-2021 than in the 2019-2020 
experiment. Moreover, calcium was not significantly 
affected by tillage intensity, poultry manure, and NPK 
during both experiments during 2019-20 and 2021-21. 
The results of different depths of soil i.e., 0-15 cm, 
16 to 30 cm, and 31 to 45 cm reveal that the highest 
calcium reading was recorded at 10.53, 10.50, and 
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11.03 in Shallow + FM, Shallow + Compost, and 
Deep + FM, while the lowest values of calcium were 
found 9.57, 9.77, and 9.90 in Deep + Compost, and 
Shallow + NPK, treatment during the 2019-2020 
experiment. The maximum and minimum calcium 
values found in Shallow + FM, and Deep + Compost 
were determined in Figure 7A.

During 2020-2021, the calcium increased in the 
Shallow + Poultry treatment. Meanwhile, the calcium 
was not considerably influenced by tillage intensity, 
poultry manure and NPK treatments. The greatest 
calcium values were 15.23, 15.80, and 15.60 in the 
Shallow + poultry treatment, whereas the lowest 
calcium values were 9.67, 10.07, and 9.77 in the 
Shallow + NPK treatment. In both years of testing, 
the interaction of varied tillage intensities, poultry 
manure, and NPK was significant results revealed in 
Figure 7B.

Figure 8A and B demonstrate that the magnesium 
was not significantly affected by tillage intensity, 
poultry manure, and NPK during both experiments 
during 2019-20 and 2020-21. The results of different 
depths of soil i.e., 0-15 cm, 16 to 30 cm, and 31 to 
45 cm reveal that the highest values of magnesium 
were 8.10, 8.47, and 8.00 found in Deep + Poultry, 
while the lowest magnesium was 6.77, 6.70, and 6.50 
in Shallow + FM treatment during the 2019-2020 
experiment. The maximum and minimum values 
of magnesium were shown in Deep + Poultry and 
Shallow + FM were shown in Figure 8A, respectively.

Figure 8: Effect of tillage intensity, fertilizer and manuring on 
magnesium (mg/kg) were determined cropping year 2019-20 (A) 
and 2020-21 (B).

During 2020-2021, the magnesium was not 
significantly affected by tillage intensity, poultry 
manure, and NPK treatments. The highest values of 
magnesium taken from the different depths of soil 
were 8.73, 8.50, and 8.67 found in the Shallow + 
FM treatment, while the lowest values of magnesium 
taken from the different depths of soil were 6.70, 6.80, 
and 6.83 in Deep + NPK treatment. The maximum 
and minimum values were examined from Shallow + 

FM and Deep + NPK treatments. The interaction of 
different tillage intensity, poultry manure, and NPK 
was significant in both years of experiments were 
determined in Figure 8B. 

Figure 9A and B demonstrate that the chloride was 
not significantly affected by tillage intensity, poultry 
manure, and NPK throughout both experiments during 
2019-20 and 2020-21. The results of different depths 
of soil samples i.e., 0-15 cm, 16 to 30 cm, and 31 to 
45 cm reveal that the highest values of chloride were 
1.13, 1.00, and 1.18 found in Deep + NPK, while the 
lowest values chloride were 0.69, 0.69, and 0.67 in 
Shallow + NPK, and Shallow + Compost treatment 
during the 2019-2020 experiment. The maximum 
and minimum values were examined from Deep + 
NPK and Shallow + Compost treatments found in 
Figure 9A.

Figure 9: Effect of tillage intensity, fertilizer and manuring on 
chloride (mg/cm3) were determined cropping year 2019-20 (A) and 
2020-21 (B).

During 2020-2021, the chloride was not significantly 
affected by tillage intensity, poultry manure, and 
NPK treatments. The highest values of chloride were 
0.88, 1.03, and 0.99 found in Deep + FM, and Deep 
+ Compost treatment, while the lowest values of 
chloride were 0.66, 0.70, and 0.77 in Shallow + Poultry, 
and Shallow + NPK, Deep + Poultry treatments. The 
maximum and minimum values were examined from 
Deep + Compost and Shallow + Poultry treatments 
were shown in Figure 9B. The interaction of different 
tillage intensity, poultry manure, and NPK was 
significant in both years of experiments. 

The Figure 10A and B showed that the carbonate 
and bicarbonate were not significantly affected by 
tillage intensity, poultry manure, and NPK during both 
experiments during 2019-20 and 2020-21. The results 
of different depths of soil i.e., 0-15 cm, 16 to 30 cm, 
and 31 to 45 cm reveal that the highest values of 
carbonate and bicarbonate were 0.77, 0.77, and 0.77 
found in Deep + FM treatment, respectively, while the 
lowest values of carbonate and bicarbonate were 0.50 
in Shallow + Compost (all depths of soil), Shallow 
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+ Poultry (0-15 cm) and Shallow + FM (all depths 
of soil) treatments respectively, during the 2019-2020 
experiment. The maximum and minimum values were 
examined from Deep + FM and Shallow + Compost, 
Poultry, and FM treatments were shown in Figure 
10A. 

Figure 10: Effect of tillage intensity, fertilizer and manuring on 
carbonate and bicarbonate (µmol/L) were determined cropping year 
2019-20 (A) and 2020-21 (B).

During 2020-2021, the carbonate and bicarbonate 
were not significantly affected by tillage intensity, 
poultry manure, and NPK treatments. The highest 
value of carbonates and bicarbonate was 1.03 found in 
the Deep + Compost treatment, while the lowest value 
of chloride was 0.66 in the Deep + NPK treatment. 
The interaction of different tillage intensity, poultry 
manure, and NPK was non-significant in the 2019-
2020 experiment, while in the 2020-21 experiment 
was found significant in Figure 10B. 

Different tillage depths i.e., 0-15 cm, 16 to 30 cm, 
and 31 to 45 cm showed significant influence on pH, 
ECe, organic matter, magnesium, and chloride. The 
pH ranges from 7.51 to 8.63 in the wheat experiment 
during 2019-20 and 2021-21 and 7.23 to 8.37 during 
2020-2021. The application of NPK, poultry, and 
farmyard manure decreases the effect on the pH of 
sowing soils. The decreasing effect was more where 
poultry manure was applied. This might be due to 
poultry releasing organic acids through decomposition 
leading to a decrease in the soil pH (Apori et al., 2021). 
In addition, Adeyemo et al. (2010) reported that the 
use of FYM elevated the pH by a rate of 10 ha-1 FYM 
in wheat crops, Neugschwandtner et al. (2014) also 
consisted with our findings that pH increased with 
different tillage intensities, while during 7 years of 
tillage system did not affect pH, as reported by Aase 
and Pikul (1995) that after 12 years of different tillage 
systems. Nevertheless, López-Fando and Pardo 
(2009) reported that pH can be decreased in short 
term in soil properties due to the decomposition of 
crop residues as well as the production of organic 
acids.

The ECe ranges from 0.44 to 1.25 in the wheat 

experiments during 2019-20 and 2020-21 and from 
0.44 to 0.94 during 2020-2021. It was found that 
the most effective tillage practices were Deep + 
Compost, and Deep + FM in the study area for the 
wheat crop. It is because increased tillage intensity 
encourages instant organic matter breakdown and 
less tillage enhances organic matter status (Balesdent 
et al., 2000). Interestingly, at the maturity phase of 
wheat cultivars, soil OM was considerably (p≤0.05) 
enhanced following biochar residues and N input, 
although the influence of N on soil pH and ECe was 
not significant (p≤0.05) (Alam, 2018).

Increasing tillage supported faster organic matter 
breakdown, whereas less tillage enhanced organic 
matter status. Less soil disruption resulted in a greater 
accumulation of surface residue. The OM ranges from 
0.60 to 1.48 in the wheat experiments during 2019-
20 and 2020-21 and 0.33 to 0.45 during 2020-2021. 
It was found that the most effective tillage practices 
were Shallow + Compost and Deep + NPK in the 
study area for the wheat crop. Likewise, Suryanto et 
al. (2022) reported that during the maturity phase of 
wheat crop soil OM rose considerably (p≤0.05) using 
biochar residues and N treatments, however, soil pH 
was solely altered by residual biochar. As a field trial, 
Noor-us-Sabah et al. (2014) investigated the effect 
of several organic and inorganic substances on wheat 
yield and yield characteristics. Organic treatments 
were used once the breakdown process had taken 
its course. Wheat seeds of the variety Sahar-2006 
were planted. Before  harvesting, the maximum 
plant height and number of productive tillers were 
collected, whereas total biomass and grain yield were 
collected after harvesting the wheat. All data collected 
was statistically examined.

Nutritionally rich  manures have been widely 
demonstrated to augment soil physical, biological, and 
chemical aspects, as well as crop productivity (Hasnain 
et al., 2020). Sayara et al. (2020) demonstrated that 
compost represented a better option than synthetic 
fertilizers for improving soil quality, soil fertility, and 
enhancing crop yields. Calcium is also an important 
to factor in soil, it was found in the study that the 
calcium was not significantly affected by tillage 
intensity, poultry manure, and NPK during both 
experiments during 2019-20 and 2020-21. The highest 
calcium was 11.03 found in Deep + FM, while 
the lowest calcium was 9.57 in Deep + Compost 
treatment during the 2019-2020 experiment. The 
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highest value of calcium was 15.80 found in the 
Shallow + poultry treatment, while the lowest value 
of calcium was 9.67 in the Shallow + NPK treatment. 
On the other hand, the highest value of calcium was 
15.70 found in the Shallow + poultry treatment, while 
the lowest value of calcium was 9.57 in the Shallow 
+ NPK treatment. The results of different depths of 
soil i.e., 0-15 cm, 16 to 30 cm, and 31 to 45 cm reveal 
that the highest magnesium was 8.47 found in Deep 
+ Poultry, while the lowest magnesium was 6.50 in 
Shallow + FM treatment during the 2019-2020 wheat 
experiment, while the lowest value of magnesium 
was 6.70 in Deep + NPK treatment. In both years 
of experimentation, the interaction of varied tillage 
intensities, poultry manure, and NPK was significant. 
Moreover, the interaction of different tillage intensity, 
poultry manure, and NPK was significant in both 
years of experiments. In respect of the chloride, the 
highest chloride was 1.18 found in Deep + NPK, 
1.03 found in Deep + Compost treatment for both 
years of wheat experiments. The results of different 
depths of soil i.e., 0-15 cm, 16 to 30 cm, and 31 to 
45 cm reveal that the highest value of chloride was 
1.04 found in Deep + Compost treatment, while 
the lowest value of chloride was 0.67 in Deep + 
NPK treatment. The interaction of different tillage 
intensity, poultry manure, and NPK was significant 
in both years of experiments. The interaction of 
different tillage intensity, poultry manure, and NPK 
with carbonate and bicarbonates were non-significant 
in the 2019-2020 experiment, while in 2020-21 
the experiment were found significant. The highest 
carbonate and bicarbonate were 0.77 found in Deep 
+ FM treatment, respectively, while 1.03 was found 
in Deep + Compost treatment. Moreover, the highest 
value of carbonate and bicarbonate was 1.05 found in 
Deep + Compost treatment, while the lowest value 
of carbonate and bicarbonate was 0.67 in Deep + 
NPK treatment. Graham et al. (2017) indicated that 
tillage with organic supplements would enhance soil 
physicochemical parameters and produce greater crop 
development and production. Soil physical attributes 
that are beneficial to farmers must be addressed for 
sustained and better crop yields. Thus, research into 
the effects of tillage techniques and organic fertilizers 
on soil characteristics, growth, and yield of the wheat 
crops is required.

Conclusions and Recommendations

The present study concluded that the different tillage 

depths (i.e., 0-15 cm, 16 to 30 cm, and 31 to 45 cm) 
showed significant influence on pH, ECe, organic 
matter, magnesium, and chloride. It was found that 
the most effective tillage practices were Deep + NPK 
and Deep + FM in the study area for the wheat 
crop. The micro, macro, and stability aggregates 
ranged from 10.86 to 21.41, 73.32 to 82.95, and 
13.63 to 28.71 while treated with different shallow 
and deep tillage in the wheat experiment during 
cropping years 2019-20 and 2020-21. On the other 
hand, the OM ranges from 0.60 to 1.48 in the wheat 
experiment during 2019-20. The study found that the 
most efficient tillage methods for wheat crops were 
shallow tillage + compost and deep tillage + NPK. 
Furthermore, the highest calcium (Deep + FM), 
magnesium (Deep + Poultry, Shallow + FM), chloride 
(Deep + NPK and compost), and carbonate and 
bicarbonate (Deep + FM and Compost) treatments 
were found during the cropping year 2019-20 and 
2020-21 experiments. Based on experimental results 
under wheat crop, application of reduced tillage 
treatment is recommended that would increase no-
tillage treatments. Comparable investigations need 
to be carried out in other ecological zones of Pakistan 
on different types of soils. Further experiments should 
be conducted to analyze the impact of deep tillage 
treatments on the tillage practices and organic fertilizers 
on the soil properties, of the wheat crop.
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