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Tillage has been used for centuries for ensuring favorable growing conditions for good germination and 
crop stand and to release nutrients from the soil through accelerated mineralization of organic matter 
and to incorporate nutrients found in manures and crop residues. Incorporation of crop residue in the soil 
increases soil organic matter content that provides a substrate for soil microorganisms and increases the 
organic component of the soil, recycles nutrients removed by a growing crop, improves crop yield, and 
soil aggregate stability, and enhances soil life. In order to investigate the effects of residue incorporation 
with various tillage practices on wheat productivity and soil fertility, field experiments were conducted at 
Agronomy Research Farm, the University of Agriculture Peshawar, Pakistan during winter 2016-17 and 
2017-18. The study was carried out in RCB design with split plot arrangement having four replications. 
Sesbania (Sesbania aculeate L.) and parthenium (Parthenium hysterophorus L.) residues were applied 
as N sources with and without urea with different tillage practices i.e. minimum, conventional and deep 
tillage. Sesbania and parthenium residues were analyzed for N content and were applied at such rate 
that 60, 120 and 180 kg N ha-1 was obtained from each treatment. Minimum tillage increased grain yield 
by 8.6% and biological yield by 4.3% as compared to deep tillage. Minimum tillage also increased soil 
total N by 6.8% and soil phosphorus by 1.6%. Similarly, minimum tillage increased soil organic matter 
from 0.82 to 0.87% while reduced bulk density from 1.47 g/cm3 to 1.42 g/cm3 as compared to deep 
tillage practices. Application of 120 kg N ha-1 from sesbania residue and 60 kg N ha-1 from urea 
increased grain yield by 62% and biological yield by 44.1% as compared to control treatments. Similarly, 
application of 120 kg N ha-1 from sesbania residue and 60 kg N ha-1 from urea increased soil total N by 
62%, soil phosphorus by 27% and increased soil organic matter from 0.58 to 0.98% but reduced bulk 
density from 1.49 g/cm3 to 1.41 g/cm3 as compared to control plots. It was concluded that minimum 
tillage and application of 120 kg N ha-1 from sesbaina residue along with 60 kg N ha-1 from urea is a 
sustainable approach for increasing wheat yield and soil fertility. 
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INTRODUCTION 
Wheat (Triticum aestivum L.) is one of the 

most important and strategic crops in the world 
(Zaeim et al. 2017). In Pakistan, wheat is 
considered the major food grain. The policies 
regarding agriculture sector are primarily based 
on the production of wheat. Itis cultivated in 
Pakistan on an area of 8.74 million ha with total 

production of 26.3 million tones with an average 
yield of 2795 kg ha-1 while in Khyber Pakhtunkhwa 
it is cultivated on area of 0.73 million ha with the 
production of 13.8 million tones with an average 
yield of 1767 kg ha-1 (MNFS&R, 2018). 

Organic amendments in the soil perform 
better than synthetic fertilizers in regards to soil 
fertility and sustainable crop productivity 
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(Hammad et al. 2020). In most countries, 
agricultural systems lack capability to supply 
optimum micronutrients to cope with the 
requirements of their populations (Welch, 2002). 
The reason behind such scenario is the increasing 
grain yield demand from agricultural systems. 
Therefore, to fill the gap between demand and 
supply, fertilizers application had increased 
resulting in reduction of soil fertility 
(Khoshgoftarmanesh et al. 2010). Moreover, 
excessive chemical fertilizers application may 
negatively affect ground water, surface water and 
atmosphere through leaching, runoff, and 
volatilization of nitrogen (N), respectively 
(Galloway et al. 2008). Residue incorporation into 
the soil improves physical, chemical and biological 
properties of the soil (Mann et al. 2002). 
Therefore, an economical approach to improve 
organic content in soil is residue incorporation, 
which is a process of converting a crop into soil 
despite of maturity and are known to enhance the 
availability of both nitrogen and phosphorus, 
resulting in preservation of soil organic matter and 
physiochemical properties (Biederbeck et al. 
2005; Liu et al. 2006; Shah et al. 2010). 

Maintenance of residues in the soil improve 
the soil properties by improving the moisture 
retention, restoring soil physical properties 
(Nawaz et al. 2016) and enhancing the nutrient 
cycling and activity of microbes (Singh et al. 2012; 
Adugna and Abegaz, 2016). Incorporation of crop 
residue can form a protective cover that reduces 
water loss through evaporation, which lead to 
better soil structure that ultimately improves water 
holding capacity of soil (Verhulst et al. 2011). 
Morever, restoring the health of soil by 
incorporating the plant residues or leftover of 
previous crop can lead to sustainable production 
(Dikgwatlhe et al. 2014). Residue incorporation of 
both leguminous and non-leguminous crop can be 
done however, suitable legume crops such as 
sesbania are found to be more effective in 
enhancing physical, chemical and biological 
properties of soil that can lead to high productivity 
of the succeeding crops (Carlson and Danell, 
2003).  

In the past two decades a new weed 
parthenium (Parthenium hysterophorus L.) has 
emerged in Pakistan. In Pakistan, huge population 
of parthenium is found in both rainfed and 
irrigated regions of the country and is growing at 
the rapid pace in wastelands and grassland, 
forests and surrounding of agriculture land (Javaid 
et al. 2007). It has very adaptive nature and can 
withstand harsh conditions due to its ability of 

rapid growth, high yielding potential, and absence 
of natural enemies, whichplay a vital role in the 
establishment of parthenium in different 
ecosystems (Javaid et al. 2007). One of the 
promising ways of controlling its growth is 
management by utilization.It can be used as a raw 
material in preparing herbicide, pesticide, 
insecticide, ethanol, compost and green manure 
etc (Kalaiselvi et al. 2013; Ananda, 2013). 

Tillage is the mechanical manipulation of soil 
and is the sequence of operations that manipulate 
the soil to produce a crop (Muqaddas et al. 2005). 
Tillage is the most widely used management 
practice and has been used as a ‘Farmer’s 
technology’ for at least 10,000 years (Lal et al. 
2007). Tillage is considered the most effective 
farm activity that improves physical conditions of 
soil, which lead to an enhanced nutrient uptake 
and better yield of crops (Bahadar et al. 2007). 
Proper amendment of different organic fertilizers 
can be achieved through tillage practices, 
therefore, for adopting a friendly and sustainable 
approach the soil physical status is to be put in 
line with proper soil tillage practices (Yaduvanshi 
et al. 2008; Inamullah and Khan. 2015). Soil 
mechanical manipulations provides optimum 
temperature for growth of plant and mix or 
incorporate the organic residues in the soil 
similarly, while the availability of water and 
nutrients can also be enhanced through proper 
tillage practices (Kladivko, 2001). 

MATERIALS AND METHODS 
Keeping in view the importance of tillage and 
residue incorporation in crop production and 
problems related with excessive use of chemical 
fertilizers. This experiment was conducted to 
evaluate the effectiveness of different tillage 
practices and residue incorporation on wheat 
productivity and soil fertility and to evaluate the 
interactive effect of tillage and residue 
management on wheat productivity and soil 
fertility. 

Experiment site description  
The field experiments were conducted at 
Agronomy Research Farm of the University of 
Agriculture Peshawar, during winter 2016-17 and 
2017-2018. The experimental site is located at 
34.02° North and longitude of 71.48° East and at 
an altitude of 331 m above sea level. Soil 
physiochemical properties are presented in table 
1. The monthly rainfall and temperature data of 
the experiment site are presented in Fig. 1. 
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Table 1: Soil physicochemical properties before start of the experiment 
 

Properties  Unit Value 

pH (1: 5) - 8.2 

EC (1: 5) d S m-1 0.18 

Organic matter % 0.42 

Total nitrogen % 0.03 

Phosphorus  mg kg-1 2.51 
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Figure 1: Monthly rainfall, maximum and minimum temperature of the experiment site for 2016-17 
and 2017-18. 
 
 
Experiment details 
The experiment was consisted of two factors i.e. 
different tillage practices and plant residue 
management.  The tillage practices included 
minimum, conventional and deep tillage. In 
minimum tillage practice, the soil was ploughed 
horizontally and vertically once by using common 
cultivator that till the soil up to 10-15 cm.  For 
conventional tillage, the soil was tilled horizontally 
and vertically twice by using cultivator followed by 
rotavator which was used only once. Mouldboard 
plough that till the soil up to 20-30 cm was used 
for deep tillage practices followed by rotavator. In 
deep tillage, the soil was ploughed two times 

horizontally as well as vertically followed by 
planking to break the clods and level the field. 
In residue management treatments, parthenium 
and sesbania residues were used as source of 
nitrogen (N) either alone or in combination with 
chemical fertilizer (Urea) to get 120 and 180 kg N 
ha-1. A calculated amount of sesbania and 
parthenium residues was applied to field and was 
incorporated into the soil to get the desired N 
levels. The details of the treatments and their 
combinations are given in Table 3.  
Wheat cultivar Pirsabak-2013 was sown with the 
help of seed drill at the rate of 120 kg ha-1. The 
experiment was conducted in randomized 
complete block design with split plot arrangement 
having four replications. The tillage practices were 
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allotted to main plots and the nitrogen sources 
were assigned to the sub plots. The sub plot size 
was 3.6m x 3m with row to row distance of 30 cm 
having 12 rows 3 m long. Sesbania and 
Parthenium residues were analyzed for nitrogen 
(1.83%, 0.87%) and phosphorus (0.15%, 0.12%), 
respectivley and calculation for N (120 kg ha-1) 
was made as per N content in the particular crop 
residues. Phosphorus was applied at the rate of 
90 kg ha-1 from SSP. The variation in P due to 
variable amount of the crop residues was 
compensated from single super phosphate (SSP). 
The chemical nitrogen was applied in split doses 
half each at the time of sowing and half at tillering 
stage. The crop was sown on proper moisture 
condition and irrigations were applied as per crop 
requirements on the basis of weather conditions. 
Recommended dose of broad spectrum herbicide 
‘Total’ (80% WG) having active ingredients 
sulfosulfuron (75%) and metsulfuron methyl (5%) 
was applied at the rate of 16 g powder herbicide 
in 500 ml T-mix (adjuvant) per acre to control 
weeds. A composite soil sample was collected at 
depth of 0-15 cm and was analyzed for different 
soil physico-chemical properties (Table 1). 
The details of the factors and their levels are as 
follows:  
Factor A (main plot): Tillage practices 
T 1    Minimum tillage (cultivator) 
T 2    Conventional tillage (cultivator followed by 
rotavator) 
T 3    Deep tillage (moldboard plough followed 
rotavator) 

Factor B (Sub plot): Nitrogen management 
1. Control (0 kg N ha-1) 
2. 100% Parthenium (120 kg N ha-1) 
3. 100% Sesbania (120 kg N ha-1) 
4. 100% Urea (120 kg N ha-1) 
5. 100% Parthenium (180 kg N ha-1) 
6. 100% Sesbania (180 kg N ha-1) 
7. 50% Parthenium + 50% Urea (60 + 60 kg 

N ha-1) 
8. 50% Sesbania + 50% Urea (60 + 60 kg N 

ha-1) 
9. 66% Parthenium + 34% Urea (120 + 60 

kg N ha-1) 
10. 66% Sesbania + 34% Urea (120 + 60 kg 

N ha-1) 

Soil samples collection and preparation 
Soil samples were collected from 0-15 cm 

depth of soil before sowing and as well as after 
harvesting of the crop. The samples were air-dried 
under shade and after drying samples were 
sieved from 2 mm sieve and stored in plastic bags 
with proper label for further lab analysis. 

Bulk density was measured using core 
method (Blake and Hartge 1986). Soil total N was 
determine by, Kjeldahl method (Bremmer and 
Mulvaney 1982) while extractable P in the soil 
was measured in the AB-DTPA extracts as 
described by Soltanpour and Shawab (1977). Soil 
organic matter was determined by Wlakley-Black 
procedure described by Nelson and Sommers 
(1996).  

 
Table 2: The detail of the plant residue manangment treatments and their combinations with 
chemical fertilizer (Urea) 
 

Treatment No. Residues rates Inorganic N rate Desired N kg ha-1 

NM 1 Control  0 

NM 2 13.8 t ha-1 parthenium  residue  120 

NM 3 6.5 t  ha-1sesbania  residue  120 

NM 4 120 kg ha-1 urea  120 

NM 5 20.6 t ha-1 parthenium  residue  180 

NM 6 9.8 t ha-1sesbania   residue  180 

NM 7 7.9 t ha-1 Parthenium residue 60 kg ha-1 120 

NM 8 3.2 t ha-1sesbania residue 60 kg ha-1 120 

NM 9 13.8 t ha-1 parthenium residue 60 kg ha-1 180 

NM 10 6.5 t  ha-1sesbania residue 60 kg ha-1 180 

 

 
 

Statistical analysis 



Imran and Arif           Response of wheat yield and soil fertility to tillage and plant residue management                                                 

 

  Bioscience Research, 2021 volume 18(4): 2671-2684                                         2675 

 

 The data were analyzed statistically using 
analysis of variance techniques appropriate for 
randomized complete block design with split plot 
arrangement. Difference among means was 
determined using least significant difference 
(LSD) test when F-values were significant (Steel 
and Torrie, 1980) 

RESULTS  

Grain yield (kg ha-1)  
Data regarding grain yield of wheat are given in 
Table 3. Tillage and plant residue management 
significantly affected grain yield of wheat. Year as 
source of variation was also significant and higher 
grain yield was recorded in the second year of the 
experiment. All the interaction were found non-
significant except T x NM. Among tillage 
practices, minimum and conventional tillage (3421 
kg ha-1, 3410 kg ha-1, respectively) recorded 
higher grain yield followed by deep tillage practice 

(3148 kg ha-1). Among nitrogen management 
treatments, plots that received 120 kg N ha-1 from 
sesbania residue and 60 kg N ha-1 from urea had 
higher grain yield (4145kg ha-1) followed by plots 
recieved 60 kg N ha-1 from sesbania and 60 kg N 
ha-1 from urea (3959kg ha-1). Plots that received 
120 kg N ha-1 from urea produced 3860kg ha-1 
grain yield while minimum grain yield (2556 kg ha-

1) was recorded in control plots. 
The TxNM interaction indicated that minimum and 
conventional tillage practices increased grain yield 
with all residue incorporation treatment. The 
increase was more prominent in response to 
application of 120 kg N ha-1 from sesbania residue 
along with 60 kg N ha-1

 from urea followed by 
plots that received 60 kg N ha-1 from sesbania 
residue along with 60 kg N ha-1

 from urea and 
plots that received 120 kg N ha-1 from urea. (Fig 
2).   
 

Table 3:Grain yield (kg ha-1) and biological yield (kg ha-1) of wheat as affected by tillage practices 
and plant residue management 

   Grain yield (kg ha-1)  Biological yield (kg ha-1)  

Tillage practices (T) 2016-17    2017-18 Mean 2016-17  2017-18 Mean 

Minimum tillage 3376 3466 3421 a 8125 8356 8240 a 

Conventional tillage 3365 3454 3410 a 8084 8343 8214 a 

Deep tillage 3110 3185 3148 b 7786 8008 7897 b 

LSD(0.05)   73   235 

Residue management  

Control       2509 2602 2556 h 6439 6658 6548 h 

100% PR     2939 3008 2973 fg 7337 7670 7504 f 

100% SR     3337 3402 3370 d 8208 8406 8307 d 

100% Urea  3829 3892 3860 c 8999 9304 9152 c 

100% PR     2871 2932 2901 g 7290 7494 7392 g 

100% SR     3350 3429 3389 d 8253 8439 8346 d 

50% PR+ 50% Urea   3024 3150 3087 e 7498 7774 7636 e 

50% SR+ 50% Urea  3909 4009 3959 b 9187 9398 9293 b 

66% PR+ 34% Urea   2975 3065 3020 ef 7462 7650 7556 ef 

66% SR+ 34%Urea  4095 4194 4145 a 9310 9566 9438 a 

LSD(0.05)   74   108 

Year (Y) 3284 b 3368 a  7998 b 8236 a  

Interaction                                                       Sig level   Sig level 

Y x T    NS   NS 

T x NM    *   ** 

Y x NM   NS   NS 

Y x T x NM   NS   NS 

PR= Parthenium residue, SR= Sesbania residue, Sig = Significance 
Means of the same category followed by different letters are significantly different at 5 % level  
of probability using LSD(0.05) test. 
NS = non-significant, *=Significant at 5% level of probability, **=Significant at 1% level of probability.
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Figure 2: Interaction between tillage and nitrogen management for grain yield (kg ha-1) of wheat. 
Vertical bars represent standard error of four replicates. 

Biological yield (kg ha-1) 
Data regarding biological yield of wheat are given 
in Table 3. Tillage and plant residue management 
had significantl effect on biological yiled of wheat. 
Year as a source of variations was also significant 
and higher biological yield was recorded in the 
second year of the experiment. All the interactions 
were found non-significant except T x NM. Among 
tillage practices, minimum and conventional tillage 
(8240 kg ha-1, 8214 kg ha-1respectively) produced 
higher biologicaly yield followed by deep tillage 
(7897 kg ha-1). Among nitrogen management 
treatments plots that received 120 kg N ha-1 from 
sesbania residue and 60 kg N ha-1 from urea 
resulted in higher biological yield (9438kg ha-1) 
followed by plots which received 60 kg N ha-1 from 
sesbania and 60 kg N ha-1 from urea (9292 kg ha-

1). Plots that recieved 120 kg N ha-1 from urea 
produced 9152 kg ha-1 biological yield. The TxNM 
interaction indicated that minimum and 
conventional tillage practices increased biological 
yield with all residue incorporation treatment. The 
increase was more prominent in response to 
application of 120 kg N ha-1 from sesbania residue 
along with 60 kg N ha-1

 from urea followed by 
plots that received 60 kg N ha-1 from sesbania 
residue along with 60 kg N ha-1

 from urea and 
plots that received 120 kg N ha-1 from urea (Fig 
3). 

Soil total nitrogen (%) 
Tillage and plant residue management had 
significant effect on soil total nitrogen (Table 4). 
Year as a source of variation was significant and 

higher soil total nitrogen was recorded in the 
second year of the experiment. All possible 
interactions were non-significant. Minimum tillage 
practice resulted in higher soil nitrogen (0.047%) 
followed by conventional tillage (0.046 %) while 
deep tillage resulted in minimum soil nitrogen 
(0.044 %). Among nitrogen management 
treatments, higher soil total nitrogen (0.052%) was 
recorded in plots that received 120 kg N ha-1 from 
sesbania residue and 60 kg N ha-1 from urea, 
which was statistically at par with plots that 
received 60 kg N ha-1 from sesbania residue and 
60 kg N ha-1 from urea (0.051%). Control plots 
resulted in minimum soil total nitrogen (0.032%). 

Soil phosphorus (mg kg-1) 
Soil phosphorus was significantly affected by 
tillage and plant residue management (Table 4). 
Year as a source of variation was significant and 
higher soil phosphorus was recorded in the 
second year of the experiment. Minimum tillage 
resulted in maximum soil phosphorus (3.16 mg kg-

1) followed by conventional tillage (3.13 mg kg-1) 
while deep tillage resulted in minimum soil 
phosphorus (3.10 mg kg-1). Among nitrogen 
management treatments, maximum soil 
phosphorus of 3.57 mg kg-1 was noted in plots 
that recieved 120 kg N ha-1 from sesbania residue 
and 60 kg N ha-1 from urea which was statistically 
at par with plots that received 180 kg N ha-1 from 
sesbania residue (3.56 mg kg-1) and plots 
received 120 kg N ha-1 from sesbania residue 
(3.55 mg kg-1). Control plots resulted in minimum 
soil phosphorus (2.79 mg kg-1). 
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Figure 3: Interaction between tillage and nitrogen management for biological yield (kg ha-1) of 
wheat. Vertical bars represent standard error of four replicates. 
 
Table 4:Soil total N (%) and soil phosphorus (%) as affected by tillage practices and plant residue 
management. 

 
Soil total N (%) Soil phosphorus (mg kg-1) 

Tillage practices (T) 2016-17    2017-18 Mean 2016-17          2017-18 Mean 

Minimum tillage 0.046 0.049 0.047 a 3.15 3.18 3.16 a 

Conventional tillage 0.044 0.048 0.046 b 3.11 3.15 3.13 b 

Deep tillage 0.043 0.045 0.044 c 3.09 3.12 3.11 c 

LSD(0.05) 
  

0.001   0.01 

Residue management 
      

Control 0.032 0.031 0.032 h 2.78 2.80 2.79 f 

100% PR 0.042 0.046 0.044 fg 2.86 2.90 2.88 cd 

100% SR 0.047 0.051 0.049 c 3.54 3.57 3.55 ab 

100% Urea 0.041 0.045 0.043 g 2.83 2.85 2.84 e 

100% PR 0.043 0.046 0.045 ef 2.83 2.88 2.86 e 

100% SR 0.048 0.052 0.050 bc 3.55 3.57 3.56 a 

50% PR+ 50% Urea 0.044 0.047 0.046 de 2.88 2.91 2.90 c 

50% SR+ 50% Urea 0.049 0.053 0.051 ab 3.52 3.54 3.53 b 

66% PR+ 34% Urea 0.046 0.048 0.047 d 2.85 2.87 2.86 de 

66% SR+ 34%Urea 0.051 0.054 0.052 a 3.55 3.58 3.57 a 

LSD(0.05)   0.001   0.02 

Year (Y) 0.044 b 0.047 a  3.12 b 3.15 a  

Interaction 
  

Sig level 
  

Sig level 

Y x T 
 

 NS   NS 

T x NM 
 

 NS   NS 

Y x NM 
 

 NS   NS 

Y x T x NM 
 

 NS   NS 
PR= Parthenium residue, SR= Sesbania residue, Sig = Significance 
Means of the same category followed by different letters are significantly different at 5 % level  
of probability using LSD(0.05) test. 
NS = non-significant
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Soil organic matter (%) 
Data concerning soil organic matter are givenin 
Table 5. Tillage and plant residue management 
significantly affected soil organic matter. Year as a 
source variation was also significant and higher 
soil organic matterwas recorded in the second 
year of the experiment. All possible interactions 
were found non-significant. Among tillage 
practices, minimum tillage resulted in higher soil 
organic matter (0.87%) followed by conventional 
tillage (0.84 %) and deep tillage (0.81 %). Among 
nitrogen management treatments, plots that 
recieved 120 kg N ha-1 from sesbania residue and 
60 kg N ha-1 from urea resulted in higher soil 
organic matter (0.98 %) followed by plots that 
recieved 60 kg N ha-1 from sesbania residue and 
60 kg N ha-1 from urea (0.92 %). Minimum soil 
organic matter was recorded in control plots (0.58 
%). 

Soil bulk density (g cm-3) 
Tillage and plant residue management 
significantly affected soil bulk density (Table 5). 
Year as source of variation was significant and 
minimum soil bulk density was recorded in the 
second year of the experiment. Deep tillage 
resulted in maximum soil bulk density (1.47g/cm-3) 
followed by conventional tillage (1.44 g/cm-3) while 
minimum tillage resulted in minimum soil bulk 
density (1.42 g/cm-3). Among nitrogen 
management treatments, higher bulk density of 
1.49 g/cm-3 was recorded in control plots. Bulk 
density of 1.42 g/cm-3 was recoreded in plots that 
received 60 kg N ha-1 from sesbania residue and 
60 kg N ha-1 from urea followed by plots that 
received 120 kg N ha-1 from parthenium residue 
and 60 kg N ha-1 from urea resulted in followed by 
plots that received 120 kg N ha-1 from sesbania 
residue and 60 kg N ha-1 from urea (1.41 g/cm-3). 

Table 5: Soil organic matter (%) and soil bulk density (g cm-3) as affected by tillage practices and 
plant residue management. 

 
Soil OM (%) Soil bulk density (g cm-3) 

Tillage practices (T) 2016-17     2017-18 Mean 2016-17    2017-18 Mean 

Minimum tillage 0.85 0.88 0.87 a 1.44 1.41 1.42 c 

Conventional tillage 0.83 0.85 0.84 b 1.45 1.43 1.44 b 

Deep tillage 0.79 0.82 0.81 c 1.48 1.47 1.47 a 

LSD(0.05)   0.02   0.01 

Residue management 
      

Control 0.56 0.59 0.58 g 1.51 1.47 1.49 a 

100% PR 0.78 0.80 0.79 ef 1.46 1.45 1.46 b 

100% SR 0.88 0.90 0.89 c 1.45 1.44 1.45 bc 

100% Urea 0.78 0.79 0.78 f 1.50 1.48 1.49 a 

100% PR 0.83 0.86 0.85 d 1.46 1.44 1.45 b 

100% SR 0.88 0.91 0.90 bc 1.44 1.42 1.43 cd 

50% PR+ 50% Urea 0.80 0.83 0.82 de 1.45 1.44 1.44 bc 

50% SR+ 50% Urea 0.91 0.93 0.92 b 1.43 1.41 1.42 d 

66% PR+ 34% Urea 0.88 0.90 0.89 c 1.44 1.41 1.42 d 

66% SR+ 34%Urea 0.97 0.99 0.98 a 1.41 1.41 1.41 e 

LSD(0.05)   0.02   0.01 

Year (Y) 0.81 b 0.83 a  1.46 a 1.44 b  

Interaction 
  

Sig level 
  

Sig level 

Y x T 
 

 NS   NS 

T x NM 
 

 NS   NS 

Y x NM 
 

 NS   NS 

Y x T x NM 
 

 NS   NS 

PR= Parthenium residue, SR= Sesbania residue, Sig = Significance 
Means of the same category followed by different letters are significantly different at 5 % level of 
probability using LSD(0.05) test. NS = non-significant. 
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DISCUSSION 
In the present study, the highest grain yield 

was achieved as a result of minimum and 
conventional tillage and this may be due to better 
crop stand and more tillers m-2 and spikes m-2 in 
contrast to deep tillage (Data not given in the 
paper). Our results regarding grain yield  in 
response to tillage practices are supported by 
Basir et al. (2016) who reported higher grain yield 
of wheat (3536 kg ha-1) in response to shallow 
tillage practices as compared with conventional 
(3080 kg ha-1) and deep tillage (2891 kg ha-1). 
However, Alijani et al. (2012) achieved grain yield 
of 7.22 t ha-1 and 8.58 t ha-1 by using moldboard 
and chisel plough, respectively. The higher 
biological yield in response to minimum and 
conventional tillage may be due to more tillers m-2 
and taller plants in the same plots as compared to 
deep tillage practice (Data not given in the paper). 
As minimum tillage has least disturbance of soil, it 
economizes the loss of soil water through 
evaporation (Somashekar et al. 2015; Slawinski et 
al. 2012; Licht and Al-Kaisi, 2005). Usman et al. 
(2013) also reported higher biological yield (13735 
kg ha-1) of wheat under reduced tillage with 
rotavator and biological yield of 13414 kg ha-1 
under conventional tillage with disk plow. 
Likewise, Abdipur et al. (2012) also revealed that 
reduced tillage by sweep plow + disk harrow 
resulted in higher biological yield (5761 kg ha-1) as 
compared to conventional tillage (5125 kg ha-1) by 
moldboard plow + disc harrow. 

The higher grain yield in response to residue 
incorporation along with urea is might due to more 
availability of nutrients in residue incorporated 
plots, due to the improvement in nutrient efficiency 
and organic matter impacts (Wei et al. 2016; Malhi 
et al. 2006;). Incorporation of residue improves 
soil organic carbon, less nutrient leaching, more 
recycling of nutrients, reduce soil pH, minimize 
evaporation, lowering soil heat due to more water 
holding. (Yasmeen et al. 2018; Haunge et al. 
2013; Rahman, 2004; Singh et al. 2004; Wilhelm 
et al. 2004; Heenan et al. 2005; Hossain et al. 
2002). Higher grain yield of wheat (4332 kg ha-1) 
was also reported by Wei et al. (2016) in response 
to application of organic source of N along with 
chemical fertilizers as compared to sole 
application of chemical fertilizers (4016 kg ha-1). 
The more grain yield in present research in 
response to plant residue incorporation along with 
inorganic N as compared to sole application of 
plant residue and sole application of inorganic N is 
may due to increased initial decomposition rate 

and soil N availability (Zhu et al. 2016). Our 
results regarding biological yield are supported by 
Sadeghi and Bahrani, (2009) who reported higher 
biological yield  (4861 kg ha-1) by incorporation of 
1000 kg ha-1 plant residue along with 70 kg ha-1 
inorganic N.  Khan et al. (2015) also recorded 
biological yield of 16.20 t ha-1 in response to 
reduced tillage along with rice residue retained as 
compared to conventional tillage practices with 
residue burnt (14.14 t ha-1). 

The lower bulk density in response to 
minimum tillage may be due to better aggregation 
of soil in the minimum disturbed soils as 
compared to conventional and deep tillage 
(Mrabet et al. 2001). The additional soil macro-
pores indicated the structural improvement of soil 
because of minimum soil disturbance (Chan et al. 
2003). Similarly, Basir et al. (2016) evaluated that 
bulk density (1.24 g cm-3) was lower under 
minimum tillage as compared with deep tillage 
(1.25 g cm-3). Soil physiochemical properties and 
nutrients storage of plant is influenced by the soil 
organic matter, continuous removal of crop 
residues and intensive tillage, which ultimately 
decrease the soil fertility (Bessam and Mrabet, 
2003). The tillage practice mostly affect N 
mineralization, rate of organic matter 
decomposition and the distribution of C and N (Liu 
et al. 2006). Minimum tillage resulted in higher soil 
organic matter compared to conventional and 
deep tillage. Our results are in line with Khan et al. 
(2010) who found higher organic matter (1.18%) 
under minimum tillage subsequent by 
conventional tillage (1.02%) against deep tillage 
(0.993%). The greater organic matter associated 
with minimum tillage along with plant residue 
incorporation enhanced formation of 
macronutrients (Kushwaha et al. 2001). The 
greater  soil organic matter in response to 
minimum tillage was also previously evaluated by 
Jacobs et al. (2009) as deep tillage resulted in 
greater loss of soil carbon  (Liu et al. 2006). 

Residue incorporation along with inorganic N 
(urea) resulted in higher soil organic matter over 
soil mineral N fertilization and control plot. Our 
results are supported by Amusan et al. (2011) 
who reported higher soil organic matter of 17.11 g 
kg-1 in response to legume residue incorporation 
as compared to treatments without incorporation 
of legume residue (15.44 g kg-1).  An increase in 
soil organic matter from 0.8% to 0.95% was also 
reported by Kazemeini et al. (2014) in response to 
increasing wheat residue incorporation from 25 to 
75%. The higher soil organic matter in plots where 
residue along with 1/3 mineral N fertilization in 
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comparison with either sole residue incorporation 
or sole inorganic N may be due to increased 
microbial activities as N act as a starter dose 
influence residue decomposition, nutrients release 
and ultimately enhance the yield (Bijay-Singh et 
al. 2001). Residue incorporation along with 
inorganic N (urea) decreased bulk density as 
compared to control plots. Incorporation of 
residues reduces bulk density which may due to 
increase microbial activity and residue 
decomposition products that favours more 
aggregation and thus reduces bulk density 
(Ramteke et al. 2018). Our results are in 
regarding bulk density of soil are supported by  
Kumari et al. (2018) who reported a decrease in 
soil bulk density from 1.42 to 1.37 g/cm3 as rate of 
residue incorporation increased from 0 to 100%. 

 Minimum tillage resulted in higher soil total N 
over conventional and deep tillage due to greater 
oxidation of organic residue (Papini et al. 2007) 
and microbial biomass led to  more  efficiently 
utilization of N (Nakamoto et al. 2006). The higher 
total N% in response to minimum tillage is due to 
residue accumulation at soil surface, which 
ultimately minimize the interaction of soil 
microorganisms and their decomposition (Alijani 
et al. 2012).  The demand and supply of N under 
minimum tillage would occur at same time lead to 
reduce the leaching of N (Sainju et al. 2006). 
Likewise, Khan et al. (2010) also reported higher 
nitrogen concentration (0.079%) under MT 
followed by CT (0.066%) against DT (0.0577%). 
The stockpile of plant residues near the surface 
soil can serve as vital source for higher N (Willson 
et al. 2001). The higher phosphorus in response 
to minimum tillage may due to the fact that 
phosphorus stratified near the top soil due to 
residue incorporation near the soil surface as a 
result of minimum soil disturbance (Mclachlan et 
al. 2020; Simpson et al. 2015). Margenot et al. 
(2017) reported higher stratification of phosphorus 
under reduced tillage (0-15 cm). The application 
of phosphorus fertilizer during the growing period 
of crop is also the reason for more soil 
phosphorus in minimum tilled plots as surface 
applied P fertilizers leads to phosphorus 
stratification (Smith et al. 2017). 

Residue incorporation along with inorganic N 
(urea) resulted in higher soil total nitrogen as 
compared to sole application of urea and control 
plots. Our results are supported by Verhulst et al. 
(2011) who reported soil total N of 0.068% in 
response to wheat and maize residue retention as 
compared to treatments without residue retention 
(0.064%). Zhang et al. (2015) also reported higher 

soil total N (0.84 Mg N ha-1) at 10-20 cm soil depth 
in response to incorporation of 13.5 Mg ha-1 maize 
residue as compared to no residue retention 
treatments (0.77 Mg N ha-1) at 10-20 cm soil dept. 
The more soil total N in residue incorporated plots 
as compared to control is because of N residual 
effect or N mineralization from plant residues. The 
higher soil total N is also due to higher potential 
for mineralization (Ortega et al. 2002) and the 
incorporation of extra least amount of urea 
facilitate N mineralization of plant residues 
(Kravchenko and Thelen, 2007) because 
microbes need some urea to feed upon and to 
initiate oxidation process (Blair et al. 2006a). 
Residue incorporation has been found to increase 
phosphorus concentration in soil (Turmel et al. 
2015). Residue incorporation along with inorganic 
N (urea) resulted in higher soil phosphorus as 
compared to control plots. Our results are 
supported by Amusan et al. (2011) who reported 
higher soil phosphorus of 5.01 mg kg-1 with 
legume residue incorporation in contrast to 
treatments without legume residue incorporation 
(4.88 mg kg-1). Sesbania residue contains more 
phosphorus content as compared to parthenium 
residue which decomposes faster and releases 
more phosphorus (Tian et al. 1992). 

CONCLUSION 
This two year study revealed that sesbania 
residue incorporation, either alone or in 
combination with N fertilizer application (at 60 kg 
N ha-1), under minimum tillage can be 
recommended for effective crop yield and soil 
fertility as compared with deep tillage. This 
recommended practice is likely to improve soil 
organic matter, bulk density, soil total N, soil 
phosphorus and wheat productivity in Khyber 
Pakhtunkhwa, Pakistan. 
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