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ABSTRACT
To measure the impact of tillage implements and the incorporation of various N

sources on maize yield and its weeds, a field experiment was conducted at Agronomy
Research Farm, The University of Agriculture Peshawar during summer 2016. The design
was used randomized complete block design with split plot arrangement having four
replications. Tillage implements were considered as main plot factor with total of four types
(Mould board plough, Rotavator, Disk harrow and Cultivator). N sources(Control, Cattle
manure, Poultry manure, Sheep manure, Mushroom spent, Mungbean residue and Urea)
were allotted to subplot. The results exhibited that, lowest weed density (178 m-2), fresh
weed biomass (256.4g m-2), dry weed biomass (76.7g m-2) while higher mean single leaf
area (360 cm2), grain yield (3522 kg ha-1), and stover yield (7247 kg ha-1) were recorded
with application of N under mould board plough tilled treatments. Among differentN sources
urea performed better but statistically non-significant with organic sources. The decreasing
trend among organic sources for grain yield was poultry manure > sheep manure >
mushroom spent > cattle manure > mungbean residue. Conclusively, organic sources
incorporated with MB plough could be better alternate for urea to improve maize
productivity and soil fertility on sustainable basis if the availability of organic fertilizers are
not limited.
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INTRODUCTION
Maize (Zea mays L.) is the third

most important cereal crop after wheat
and rice in Pakistan. In Khyber
Pakhtunkhwa (KP), it is the second most
important cereal after wheat. Maize yield
is shockingly low in KP as compared with
the Punjab.  Apart from the genetic
variables, lower yield in KP is due to
insufficient and improper fertilizer
application and improper land preparation.

Nitrogen (N) fertilization of maize is
one of the most important management
practices which play a vital role
throughout the life span and yield of the
crop (Shahzad et al., 2015). Maize dry
matter production increased linearly with
increasing N application (Ali et al., 2016
and Niaz et al., 2014). Increase in N level
up to 150 kg ha−1 increased its availability
in soil, resulting in higher uptake by the
plant and production of larger biomass
(Shahid et al., 2016), which ultimately
gave higher yields in maize (Liu et al.,
2016). In the climate change scenario
there has been increasing interest in
incorporating organic manures to step
forward towards sustainable food
production (Chadwick et al., 2015).
Organic material incorporation improved
soil aggregation and structural stability
and resulted in higher carbon content in
soil aggregates (Yang et al., 2015).
However, the kind and source of organic
inputs strongly influenced the C
accumulation in soil aggregates. Organic
fertilizers are the best option for both to
compensate the supply of nutrients and to
avoid hazardous effects of chemical
fertilizers but there is severe problem of
weeds infestation.

Organic fertilizers should be
incorporated with suitable tillage
implements for proper decomposition.
Tillage is the mechanical manipulation of
soil to enhance its productivity while the

sequence of operations that allow
handling the soil to produce a crop is
referred as tillage system (Inamullah and
Khan, 2015). It provides proper
temperature for plant growth making easy
to incorporate organic manures or
materials in soil and help in maintaining
good soil tilth as well as improve the
availability of water and nutrients present
in soil (Zhang et al., 2016). It influenced
crop productivity, and water and fertilizer
use efficiency in dry cropping system
(Mohammad et al., 2012). Proper tillage
could also contribute in controlling weed
species present in the soil and organic
manure with increased soil disturbance. It
may destroy the existing weed flora and
prevent the germination of the small
seeded weeds by burying them deep
(Hussain et al., 2012). Inversion tillage
with mouldboard (MB) plough significantly
reduced weed density through destruction
of the germinated annual and perennial
weeds (Gruber et al., 2012 and Hossein et
al., 2014). Weeds compete with crops for
nutrients, moisture, space and light
leading to significant reduction in yield
(Adnan et al., 2016). High weeds
infestation caused 80% reduction in yield
of field crops (Khatam et al., 2013).

Thus keeping in view the
importance of nitrogen sources and tillage
implements in enhancing yield and their
roles in controlling weeds infestation in
maize, the research under study was
carried out.

MATERIALS AND METHODS
A field experiment was conducted

at Agronomy Research Farm, The
University of Agriculture Peshawar, during
summer 2016. The experimental site has
continental climate and is located at
34.0220 N, 71.4710 E and at an altitude of
359 meter above sea level (Amin et al.,
2006). Metrological data were obtained
from weather station located at Agronomy
Research Farm Peshawar (Fig. 1).The
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experiment was laid out in randomized
complete block design with split plot
arrangements (RCBD split plot) having
three replications. Azam (OPV) was
planted and a size of 4.5m x 3m subplot
was used. Tillage implements were
applied to main plots with total of four
types (a. Mould board plough, b.
Rotavator, c. Disk harrow and d.
Cultivator). Application of nitrogen (N) at
the rate of 120 kg ha-1 from various
sources was carried out as subplot factor
with six types (a. Cattle manure, b.
Poultry manure, c. Sheep manure, d.
Mushroom spent and e. Mungbean residue
and f. Urea) and a control. The N contents
of the organic amendments were analyzed
and then calculated for the experimental
area. All the N sources were incorporated
20 days before sowing except urea which
was applied at the time of sowing through
a range of different tillage instruments.
MB plough was followed with cultivator for
seedbed preparation. Each experimental
unit consisted of six rows having 0.75m
row to row and 0.15m plant to plant
distance with 3m length of the row. A
quadrate of 0.5 x 0.5 m2 size was used to
record data on weed density and weeds
fresh and dry biomass after 30 days of
sowing. In each treatment, the quadrate
was randomly thrown at three different
places. Inside the quadrate the number of
weeds was counted, averaged and

weighed with sensitive electronic balance
for fresh weed biomass. After complete
drying, again weighed it for dry weed
biomass and then averaged. For mean
single leaf area (MSLA), 10 different
leaves in each subplot were selected
randomly. Average leaf length and width
were measured and then MSLA was
calculated using the following formula:

MSLA (cm2) = leaf length (cm) x leaf
width (cm) x correction factor (0.7)

For yield parameters, out of the total 6
rows per plot, only 4 central rows were
harvested, sundried for few days, shelled,
weighed and converted according to
formulas given below.

The data were statistically analyzed with
appropriate ANOVA and subsequently LSD
Test at 0.05 level of probability through
software Microsoft excel 2013 ® program
and cross validated by software Statistix
8.1 (Jan et al., 2009).
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Fig. 1. Monthly mean maximum and minimum temperature (oC) and total rainfall (mm)
recorded during the maize growing season in Peshawar in 2016.

RESULTS AND DISCUSSION

Weeds density (m-2)
Tillage instruments, N sources and

interaction of (TI x NS) had statistically
significant effect on weeds density m-2

(Table-1). Highest number of weeds m-2

(226) were recorded from plots where
conventional tillage was carried out
through rotavator, which was statistically
similar with plots ploughed with cultivator
(212) and disk harrow (196). Minimum
weeds density m-2 (174) was observed in
plots where MB plough was used. The
possible reason could be that inversion
tillage with MB plough significantly
reduced weed density by destroying the
germinated annual and perennial weeds
and burial of weed seeds in deeper layers
of soil which failed to germinate. These
results are best supported by Gruber et al.

(2012) and Hussain et al. (2012) who
documented that changes between tillage
practices were effective in suppressing
weed growth and preventing seed
accumulation. In case of N sources, higher
number of weeds m-2 (239) was recorded
from plots fertilized with cattle manure,
followed by weeds density of 222 and 217
weeds m-2 in plots where sheep manure
and poultry manure were applied,
respectively. Among different organic
sources, mushroom spent showed lower
weeds density m-2 (179) as compared to
other organic sources. Lowest weeds
density m-2 (155) was observed in control
plots. The reason for higher weeds density
in organic manure plots might be due to
the fact that it contains different weeds
seeds and the availability of nutrients that
supports weeds population. Our results
are in line with the findings of Dai et al.
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(2016) and Adnan et al. (2016) who
reported that weeds density m-2 in maize
was higher in mineral N and FYM
incorporated plots as compared to control.
Tillage instruments from cultivator
(conventional) towards MB plough (deep)

improved incorporation of N sources. MB
plough by deeply burying weeds seed
lowered weeds density (Fig. 2).

Fig. 2. Interaction of tillage implements and N sources for weeds density (m-2) in
maize
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Weeds fresh biomass (g)
Analysis of data revealed that

tillage implements (TI) and N sources
(NS) had significant effect on fresh weight
of weeds in maize (Table 1). The
interaction effect of (TI x NS) was also
found significant. Higher weeds fresh
weight (344.8 g) was observed in plots
tilled with rotavator. It was followed by
weeds fresh weight of 313.9 g and 293.5
g recorded in plots where cultivator and
disk harrow were used, respectively. The
lowest weeds fresh weight (256.4 g) was
reported in plots where MB plough was
used. The possible reason might be the
increase in soil disturbance which reduced
the growth. These results corroborate the
findings of Gul et al. (2011) and Chhokar
et al. (2007) who reported that weeds
infestation tended to be lower when deep
tillage practices was imposed. Among
different N sources, higher weeds fresh
weight (355.7 g) was noted in plots where
cattle manure was applied. It was
statically at par with weeds fresh weights
of 330.2 and 324.1 g recorded in plots
fertilized with sheep manure and poultry
manure, respectively. Minimum weeds
fresh weight (236.2 g) was recorded in
experimental units under no N application.
These results are in line with Afsar and
Khalil (2016) and Azeem et al. (2014)
who reported N fertilizer might
preferentially accelerate weed growth.
Weeds dry biomass (g)

Statistical analysis of the data
showed that tillage implements, N sources
and interaction of TI x NS had significant
effect on dry weeds biomass of maize
(Table-1). Higher weeds dry weight
(108.8 g) was recorded in plots where
tillage was carried out through rotavator.
It was statistically at par with weeds dry
weight (101 g) of plots ploughed with
cultivator. It was followed by dry weight
of 96.2 g recorded in plots ploughed with

disk harrow. Lower dry weight of weeds
(86.8 g) was observed in plots where MB
plough was used. Our results are similar
with Mafongoya et al. (2016) and Hossein
et al. (2014) who investigated that
various tillage practices had significant
effect on weeds growth. In case of N
sources, higher weeds dry weight (115.6
g) was noted in plots where cattle manure
was applied, followed by  plots fertilized
with sheep manure and poultry manure
having weeds dry biomass of 107.4 and
105.2 g respectively. Mushroom spent
showed lower weeds dry weight (89.3 g)
as compared to other organic sources.
Lower weeds dry weight (76.7 g) was
observed in control treatments. These
results corroborate the findings of Azeem
et al. (2014) and Khaliq et al. (2009) who
reported that application of N improved
both crop and weeds growth. Also
Nadeem et al. (2008) reported lower dry
weight of weeds in control plots compared
to N treated plots.
Mean single leaf area (cm2)
Analysis of data revealed that both tillage
implements and N sources had significant
effect on mean single leaf area (MSLA) of
maize. The interaction of (TI x NS) was
found non-significant (Table-2). MB
plough used a tool for ploughing showed
relatively higher MSLA (395 cm2) which
was statistically in line with plots ploughed
with disk harrow (387 cm2) and cultivator
(381 cm2). Lower MSLA (376 cm2) was
observed from experimental units where
rotavator was used. The significant
difference in MSLA under different tillage
practices could be attributed to the
differences in length and exploration of
the maize roots for soil moisture in the
soil profile. Similar results were also
observed by Javed et al. (2014) and Bilalis
and Karamanos (2010) who reported
considerable variations in leaf parameters
under different tillage regimes. Among
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different N sources, urea fertilized plots
resulted in higher MSLA (420 cm2), which
was statistically at par with poultry
manure (411 cm2) and sheep manure
(403 cm2) fertilized plots. Lowest
MSLA(319 cm2) was recorded from plots
where no nitrogen was applied. These

findings are in accordance with Mahmood
et al. (2017) and Azeem and Inamullah
(2016) who reported enhancement in
growth and MSLA of maize plant with
incorporation of N whether the source is
organic or inorganic.

Table-1. Weeds density (m-2), fresh and dry biomass (g) of maize as affected by
tillage implements and nitrogen sources.

Tillage Implements (TI) Weeds
density (m-2)

Weeds fresh
biomass (g)

Weeds dry
biomass (g)

Mould Board Plough 174 c 256.4 c 86.8 b

Disk harrow 196 b 293.5 b 96.2 ab

Cultivator 212 b 313.9 ab 101.0 a

Rotavator 226 a 344.8 a 108.8 a

LSD(0.05) 21 38.1 12.6

Nitrogen Sources (NS)

Control 155 c 236.2 c 76.7 c

Cattle Manure 239 a 355.7 a 115.6 a

Poultry Manure 217 ab 324.1 ab 105.2 ab

Sheep Manure 222 ab 330.2 ab 107.3 ab

Mushroom Spent 179 bc 274.2 b 89.3 bc

Mungbean Residue 193 b 285.7 b 92.6 b

Urea 202 b 308.1 b 99.8 b

LSD(0.05) 27 46.9 15.3

Interaction

TI x NS 55 93.8 30.7

ns = non-significant
Means in the same category followed by at least one common letter are not significantly
different at (P<0.05) level.
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Grain yield (kg ha1)
Statistical analysis of the data

showed that tillage implements, N sources
and interaction of (TI x NS) had significant
effect on grain yield of maize (Table-2).
Among different tillage implements, plots
ploughed with MB plough resulted in
higher grain yield (3522 kg ha-1), followed
by disk harrow with grain yield of 3305 kg
ha-1, which was statistically at par with
plots tilled with cultivator (3207 kg ha-1).
However lower grain yield (3067 kg ha-1)
was reported in plots where rotavator was
used. The positive effect of deep tillage on
crop production might also be attributed
to better physical and hydrological soil
conditions (Feng et al., 2014). These
results were similar to those related by
Shaheen and Sabir (2017) and Mafongoya
et al. (2015) who reported higher maize
grain yield in deep tilled plots than
conventional ones. In case of different N
sources, plots fertilized with urea
performed relatively better resulting in
higher grain yield (3667 kg ha-1) which
was statistically similar with grain yield
produced with poultry manure (3507 kg
ha-1), sheep manure (3468 kg ha-1) and
mushroom spent (3450 kg ha-1). Plots
where mungbean residue incorporated
produced lower grain yield (3094 kg ha-1).
Lowest grain yield (2468 kg ha-1) was
observed in plots where no N was applied.
These results were best supported by
Shaheen and Sabir (2017) and Shahzad et
al. (2015) who demonstrated that the
recommended rate of inorganic fertilizers
had similar maize yield as with integrated
application of FYM along with NP
fertilizers. Grains yield was improved with
N fertilizer incorporated with deeper tillage
instrument (MB plough) compared to
shallower instruments (cultivator and
rotavator) (Fig.3).

Stover yield (kg ha-1)
Analysis of the data showed that

tillage implements and N sources had
significant however interaction of (TI x
NS) had non-significant effect on stover
yield of maize (Table-2). Plots where
tillage was carried out with MB plough
showed relatively higher stover yield
(7247 kg ha-1). It was followed by plots
where disk harrow (6789 kg ha-1) and
cultivator (6610 kg ha-1) were used.
Lowest stover yield (6404 kg ha-1) was
observed from experimental units tilled
with rotavator. These results are in
accordance with Hussain et al. (2012) and
Kihara et al. (2011) who documented
higher stover yield in plots where
improved tillage implement (MB plough)
was used compared to cultivator which
resulted in better shoot growth of maize.
Among different N sources, urea fertilized
plots resulted in higher stover yield (7203
kg ha-1) which was statistically similar
with poultry manure, mushroom spent
and sheep manure that resulted in stover
yields of 7039, 6991and 6981 kg ha-1,
respectively. Lowest stover yield (5754 kg
ha-1) was recorded in subplots where no N
was applied. Difference in stover yield of
maize under different fertilizer treatments
was ascribed to balanced supply of
nutrients from manure and chemical
fertilizers over the growing period. This
fact was supported by Bakht et al. (2007)
and Srivastava et al. (2017) who observed
significantly higher stover yield with N
application.
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Table-2.Mean single leaf area, grain and stover yields of maize as affected by
tillage implements and nitrogen sources.

Tillage Implements (TI) Mean single
leaf area (cm2)

Grain yield
(kg ha-1)

Stover yield
(kg ha-1)

Mould Board Plough 395 a 3522 a 7247 a

Disk harrow 387 ab 3305 b 6789 b

Cultivator 381 b 3207 bc 6610 b

Rotavator 376 b 3067 c 6404 b

LSD(0.05) 12 203 436

Nitrogen Sources (NS)

Control 319 c 2468 c 5754 c

Cattle Manure 378 b 3273 b 6747 b

Poultry Manure 411 ab 3507 ab 7039 ab

Sheep Manure 403 ab 3468 ab 6991 ab

Mushroom Spent 387 b 3450 ab 6981 ab

Mungbean Residue 371b 3094 b 6625 b

Urea 420 a 3667 a 7203 a

LSD(0.05) 23 259 467

Interaction

TI x NS Ns 518 Ns

ns = non-significant
Means in the same category followed by at least one common letter are not significantly
different at (P<0.05) level
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Fig 3. Interaction of tillage implements and N sources for grain yield (kg ha-1) of
maize

CONCLUSIONS AND
RECOMMENDATIONS

It was concluded that tillage
operation with deeper tillage implement
(MB plough) followed by cultivator
resulted in lower weeds infestation and
higher maize yield (3522 kg ha-1).
Comparing various N sources, urea gave
at par yield with poultry manure, sheep
manure and mushroom spent. Organic
fertilizers incorporated with MB plough
decreased weeds density, fresh and dry
biomass and improved maize productivity.
Maize gave higher yield when field was
prepared with MB plough followed by
cultivator and nitrogen was applied from
organic source or when urea was used as

nitrogen source and field was prepared
with either cultivator or rotavator. On the
basis of the above conclusion it is
recommended that maize should be grown
by preparing field with MB plough followed
by cultivator and nitrogen be applied from
organic source or the field be either
prepared with cultivator or rotavator and
urea be used as nitrogen source.
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