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ABSTRACT
An experiment having four replications was designed in Randomized complete block

design with split plot arrangements (RCBD in split plot) and conducted at Research Farm of
Agronomy, The University of Agriculture Peshawar, during kharif 2015. Row spacing (45,
55, 65 and 75 cm) were allotted to main plots while nitrogen placement methods (control,
single side of the row, between the rows and both sides of the row,) were assigned to sub
plots. Maximum cob height from ground (81.1 cm), ear weight at silking (166.2 g), grain
yield (2226.2 kg ha-1)and thousand grain weight (194.5 g) were obtained from row spacing
of 65 cm and biological yield (15058.1 kg ha-1) was observed at row spacing of 45 cm while
maximum weeds dry weight (90.5g m-2) was examined at row spacing of 75 cm. Similarly
maximum cob height from ground (81.6 cm), ear weight at silking (1661.8 g), grain yield
(2184.9 kg ha-1), biological yield (14821.9 kg ha-1) and thousand grain weight (199 g) were
obtained from applying nitrogen to both sides of the row while maximum weeds dry weight
(79.2 g) was noted in control plots. All the interactions (RS×NP) were found non-significant
for all the parameters. It is concluded that maize should be sown at 65 cm row spacing with
nitrogen applied to both sides of the rows to get maximum yield in Peshawar, Pakistan.
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INTRODUCTION
Maize (Zea mays L.) is an

imperative and leading crop and
considered third in world production of
cereals after wheat and rice. It is broadly
cultivated in all climates like temperate,
subtropical and tropical areas of the
world. Its grain provides nutritive raw
materials for various edible products and
human consumption. It is also used in
animal and poultry feed manufacturing
industries (Witt and Pasuquin, 2007). In
2015-16, cultivated area of maize was
about 1,144 thousand ha with a
production of 4,920 thousand tons in
Pakistan (MNFSR.2015-16). The average
grain yield of maize (4,301 kg ha-1) is
very low when compared with the
potential capability of the cultivars.
Response of maize to different
environments is varying under different
agronomic management practices and
thus the yield can be enhanced by
providing best management practices and
improved inputs.

Cultivating maize with appropriate
row spacing has great contribution
towards its production. It is necessary to
adopt proper methods in maize growing to
ensure best utilization of nutrients and
minimize various crop losses. The
unavailability of modern production
technology and high prices of inputs are
major hurdles for attaining high yield of
maize in Pakistan (Farhadet al., 2009).
The similar row spacing for all types and
varieties of maize is not possible due to
different environmental factors viz., soil
factors, management and agronomic
practices hence the maize yield varies
(Luis, 2001). Very dense plant population
causes more interference between plants
and decrease yield by increasing intra-
specific competition while too low plant
population enhances vegetative growth
and enhances weed density due to more
available space. Yield contents of maize
such as number of ears, number of
kernels ear-1 and kernel mass were
significantly enhanced due to positive
effects from various row spacing (Maqbool

et al., 2006).  Row spacing in maize has
great effect on grain yield. Very close row
spacing results in barren plants, small ear
and grain size and plants are susceptible
to lodging and various pest attack and
thus decreased grain yield, however more
plant population can bring about an
expanded number of cobs per unit, with
possible increment in grain yield and its
components.

Nitrogen (N) holds an essential role
in chlorophyll, photosynthesis and
formation of protein. Plant metabolic
processes like enzymatic, biochemical and
physiological reactions need nitrogen for
their processing (Balasubramaniyanand
Palaniappan, 2001). Comparatively
application of nitrogen fertilizer through
side dressing/side placement enhances
grain yield of maize hybrids (Chaudhary
and Pirhar, 2002;Cerettaet al., 2002) than
broadcast due to increment in yield
components of yield, number of rows and
grains per cob  and 1000- grain weight
(Lehrschet al., 2000). Nitrogen applied
with side placement is efficiently utilized
and promote biochemical processes and
utilize soil moisture more easily than other
methods (Lehrschet al., 2000). Application
of nitrogenous fertilizer in band placement
method as compared to broadcast method
is an effective strategy for better nutrients
uptake, utilization and nitrogen
transformation and it uses farm resources
and moisture more efficiently to enhance
crop productivity (Lehrschet al., 2000). To
investigate the growth and development
of maize under different row spacing and
nitrogen placement this experiment was
designed.

MATERIALS AND METHODS
An experiment having four

replications was designed in Randomized
complete block design with split plot
arrangements (RCBD in split plot) and
conducted at Research Farm of Agronomy,
The University of Agriculture Peshawar,
during kharif 2015. Plot size was 2m x
5.25 m and ‘Pahari’ variety of maize was
sown. The experiment consisted of two
factors, four nitrogen placement methods
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and four row spacings was assigned to
main plots and N application method were
kept it sub plots. Each plot consisted of 7
rows. There were four row spacings (45,
55, 65 and 75 cm) and four nitrogen
placement methods (single side banded,
double side banded, between the rows
and controlled.SSP was applied at the rate
of 60 kg ha-1for phosphorus as a basal
dose while N was applied from urea at the
rate of  120 kg ha-1, half 30 days after
emergence and remaining half at knee
stage. Recommended irrigation schedule
was followed. Weeds were controlled
manually by hoeing and irrigations were
provided according to schedulewhile the
agronomic techniques were done
consistently for all the experimental plots
throughout the entire growing
season.After the appearance of a black
abscission layer at the base of grains, the
maize was harvested at physiological
maturity approximately at (about 30-35%
grain moisture content). After harvest,
crop plants were sundried, ears were
separated from the stalk and further
sundried for a few days and thenat 14%
seed moisture content shelling was done.
Statistical analysis

Data were statistically analyzed
according to the method relevant to
randomized complete block design (RCBD
split plot). LSD test at 0.05 level of
probability was used to compare the
means when the F-values significant (Jan
et al., 2009).

RESULTS AND DISCUSSION
Cob height from ground (cm)

Statistical results revealed that row
spacing and nitrogen placement methods
significantly enhancedcob height of maize
from ground while their interaction (RS X
NP) was found non-significant.  Row
spacing of 65 cm produced cob with more
height (81.1 cm) while row spacing of 75
cm produced cob with low height (77.7
cm). It could be attributed to the proper
plant to plant distance, less competition
and best utilization of resources. Our
outcomes are in accordance with the
discoveries of Shafiet al. (2011) who

examined that when maize row
spacingwas limited from 75 cm to 45 cm,
cob height was significantly expanded by
6%. Maximum cob height (81.6 cm) from
ground was recorded in the plots where N
was double banded. It might be due to the
reason that vegetative growth increased
with increased N levels. Maize cob height
was significantly increased with increased
in nitrogen up to 200kg ha-1(Gokmenet
al., 2001). This expansion in cob stature
could be credited to beneficial outcome of
N on overwhelming development in
vegetative growth of maize (Warren et
al.,2006), greater accessibility of N all
throughout the developing time period
and enhanced fertility of soil, hence N
effective plots had taller plants and cob
height from ground when contrasted with
control plots (Mitchell and Tu, 2005;
Hossainet al., 2004).
Weeds dry weight (g m-2)

Statistical findings of the
uncovered that various row spacing and
different nitrogen placement methods
significantly influenced theweeds dry
weight while there was no significant
effect observed due to their interaction
(RS X NP). Higher dry weight (90.5 g m-2)
of weeds was acquired from row spacing
of 75 cm while least dry weight of weeds
(57.9 g m-2) was observed from row
spacing of 45 cm. It might be due to more
availability of free space for more growth
and high infestation of weeds as
compared to less space in 45 cm row
spacing. Our results are in line with that of
Stewart (2001) and Tharp and Kells
(2001) who also reported the increase in
weeds dry weight with the increase in row
spacing in maize. Our results are in
accordance with those of by Begnaet al.
(2001) who examined  concealment in
weed biomass by lessening row spacing
from 56 to 38 cm. Maximum weeds dry
weight (79.2 g m-2) was observed in the
plots with no N  as there was no nitrogen
applied while lower weeds dry weight
(67.4 g m-2) was noted in double side
banded nitrogen. Lower weeds dry weight
in nitrogen efficient plots may be
attributed to the beneficial outcome of
band placement of N to expandnitrogen
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supply, which may have advanced
formation of new leaves prompted
vigorous development in growth
(Chatterjee, 2010). Our outcomes are in
accordance with Dolan et al. (2006) and Li
(2003) who researched that higher
supplements accessibility and positive soil
conditions may cause vigorous crop
growth and decrease weeds infestation.
Ear weight at silking

Statistical perusal of findings
demonstrated that various row spacing
and different nitrogen placement methods
significantly (p<0.05) influenced ear
weight and interaction of row spacing and
nitrogen placement methods had no
significant (RS X NP) effect on ear weight
at silking stage. Row spacing of 65 cm
produced higher ear weight (166.2 g)
while row spacing of 75 cm produced
lower ear weight (158.2 g). The possible
reason for higher ear weight could be due
to proper space for growth of plants and
less competition for light and nutrients.
Comparative investigations were also
examined by Shafiet al. (2001) and Shah

et al. (2011), who found an expansion in
ear weight by declining row spacing from
90 to 75 cm. These outcomes were may
be because of better photosynthesis and
usage of minerals, nutrients and moisture.
These discoveries are also in accordance
with those of Saniet al. (2004), who found
more vigorous reproductive growth in
narrow spaced rows. Similarly maximum
ear weight (166.8 g) was obtained from
double banded nitrogen placement
method while minimum (156.6 g) was
observed from control. Similar results
were reported by Torbertet al. (2001).
Higher nitrogen levels increase grains per
row and ear due to more availability of
nitrogen and less competition for
supplement that enabling the plants to
aggregate more biomass with higher
ability to change over more
photosynthesis into sink to produce more
grains per ear. These outcomes are
additionally in concurrence with Zeidanet
al. (2006) who presumed that the grain
number per ear was most extreme at the
most higher nitrogen levels.

Table-1. Cob height from ground (cm), weeds dry weight (g m-2) and ear weight at
sliking (g) as affected by row spacing and nitrogen placement.
Row Spacing (RS) Cob height

(cm)
Weed dry
weight (g m-2)

Ear weight
at silking (g)

45 cm 79.2 ab 57.9 d 158.4 b
55 cm 80.3 a 67.1 c 159.5 b
65 cm 81.1 a 77.0 b 166.2 a
75 cm 77.7 b 90.5 a 158.2 b
LSD (0.05) 2.1 11.4 5.4
Nitrogen placement (NP)
Control 76.6 b 79.2 a 156.6 b
Single side the row 80.6 a 75.1 ab 159.2 b
Both sides of the row 81.6 a 67.4 ab 166.8 a
Between the rows 79.9 a 70.8 b 160.5 ab
LSD (0.05) 2.9 7.8 6.7
Interaction
RS x NP NS NS NS
NS = Non-significant

1000 grains weight (g)
Statistical analysis revealed a

significant (p<0.05) change in 1000 grain
weight due to different row spacing while

there was no significant change observed
due to various N placement methods and
interaction of row spacing and nitrogen
placement methods (RS X NP). Row
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spacing of 75 cm produced most extreme
1000 grain weight (203.2 g)while row
spacing of 45 cm produced lower 1000
grain weight (185.9 g). One of the yield
components 1000 grain weight mirrors the
photosynthetic capability of plant and its
ability to transport photosynthates into
important plant sinks and organs (Rizwan
et al., 2003). These outcomes are in
congruity with those of Shah et al. (2001)
who quoted 75 cm row spacing produced
the most extreme 1000 grain weight. .The
purpose behind the higher thousand grain
weight in 75 cm row spacing could be
because of high light capture and less
competition for water resulted in higher
accumulation of photosynthates.
Biological yield (kg ha-1)

Measurable perusal of the
biological yield data demonstrated various
row spacing and nitrogen placement
methods significantly enhanced biological
yield while their interaction (RS X NP)
showed no significant effect. Row spacing
of 45 cm produced maximum biological
yield (15058 kg ha-1)while 75 cm row
spacing produced minimum biological
yield(11756.6 kg ha-1) followed by 55 cm
and 65 cm row spacing. Our outcomes
concur with those of Gulet al. (2009) who
revealed that increasing plant density
increased biological yield. Our findings are
in accordance with those of Ahmad et al.
(2010) who discovered biological yield
enhancement through increasing plant
population in maize. Correspondingly
double banded nitrogen produced greatest
biological yield (14861 kg ha-1) while
minimum (11901 kg ha-1) was observed
from control. The results regarding
nitrogen are also in line with Shapiro and
Wortmann (2006) who reported that corn
biomass increased with applied N.
Similarly Alamet al. (2003) demonstrated
that development and yield segments in
field grown maize were upgraded by
nitrogen treatments. Double nitrogen
banded fulfills he nutrients requirement of
the crop throughout the season and
enhance its growth. Similarly Luque et al.
(2006) also experienced the same results
that decreased light, less nutrients

availability and various abiotic stresses
resulted in low biological yield.
Grain yield (kg ha-1)

Statistical perusal of the data
uncovered that effect of various row
spacing and nitrogen placement methods
was found significant and interaction RS X
NP was found non-significant. Row
spacing of 65 cm produced highest grain
yield (2226.2 kg ha-1) was obtained from
65 cm row spacing and row spacing of 75
cm produced lower grain yield (1805.0 kg
ha-1). This may be because of the way
that 65 cm row spacing have made better
soil conditions for significant root
improvement and effective supply of
supplements. Our outcomes are in
similarity with those of Luquevet al.
(2006) found that grain yield per plant is
diminished due to less light and other
ecological resources availability. Moririet
al. (2010) additionally found that more
plant population causes pressure and
competition in plants and hence reduces
plant development in maize. This may be
because of the way that wider row spacing
gave appropriate condition for efficient
root improvement and plant development.
The outcomes are in concurrence with
Abuzaret al. (2011) who found least grain
yield at the most population. Similarly
greatest grain yield (2184.9 kg ha-1) was
acquired from double side banded united
nitrogen arrangement while least (1754kg
ha-1) was recorded in controlled. The
expansion in grain yield of maize by band
arrangement was most likely because of
more N availability for uptake and its
constant supply to maize plants close
plant roots all throughout the developing
time frame and enhanced soil
physiological characteristics of the plant
that prompted better yield characteristics
and grain yield. These outcomes are in
concurrence with Kaiser et al. (2005) and
Ahmad et al. (2002) who discovered more
grain yield of maize with band position of
nitrogen.
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Table-2. 1000-grain weight (g), grain and biological yield (kg ha-1)as influenced
by row spacing and N  placement.

Row Spacing (RS) 1000-grain

weight (g)

Biological

yield (kg ha-1)

Grain yield

(kg ha-1)

45 cm 185.9 c 15058.1 a 1870.5 b

55 cm 190.9bc 12785.5 b 1919.5 b

65 cm 194.5 b 12594.1 b 2226.2 a

75 cm 203.2 a 11756.6 b 1805.0 b

Control 188.7 c 11901.8 b 1754.0 c

LSD (0.05) 8.27 1157.4 255.73

Nitrogen

placement (NP)

Single side the row 194.3 12383.8 b

Both sides of the row 199.0 14861.9 a 1909.6 bc

Between the rows 192.6 13046.9 ab 2184.9 a

LSD (0.05) NS 1879.28 1972.6 ab

Interaction 216.3

RS x NP NS NS

NS

NS = Non-significant

CONCLUSIONS
Keeping in consideration the above

findings and arguments it is concluded
that maize sown at 65 cm row spacing
gave best yield (2226 kg ha-1) which is
significantly better than other row

spacing. Nitrogen placement of both sides
of the rows gave higher yield of (2184 kg
ha-1) therefore row spacing of 65 cm along
with nitrogen placement to both sides of
the row  is recommended for pahari
variety of maize in Peshawar Pakistan.
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