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Abstract

A field experiment was designed to study the effect of nitrogen rates and application time on
growth and yield of maize at Agronomy Research Farm, The University of Agriculture,
Peshawar during summer 2014. An experiment was laid out in randomized complete block
design using three replications. Four nitrogen rates (80, 120, 160 and 200 kg ha*) were applied
as full at sowing ( AT1), %2 at sowing + % at 25 days after sowing (AT2) and 1/3 at sowing +
1/3 at 25 days after sowing + 1/3 at 50 days after sowing (AT3). Results showed that all studied
parameters were significantly affected by N-levels. Maximum mean leaf area (258.19 cm?), plant
height (188 cm), grains ear (369), 1000-grains weight (245 g), biological yield (9593 kg ha),
grain yield (4109 kg ha') and harvest index (42 %) were observed with application of 160 kg N
hat. The results further revealed that maximum mean leaf area (260 cm?), plant height (184 cm),
grains ear? (380), biological yield (9195 kg hal), 1000-grains weight (247 g) and grain yield
(3707 kg ha) were recorded when N was applied ¥ at sowing + % at 25 days after sowing. The
interactive effect of N rates and application time was found significant for mean leaf area. It was
concluded that nitrogen at the rate of 160 kg ha™ and application of N % at sowing + % at 25
days after sowing is most reliable for yield and production of maize crop in the study region and
thus optional for general use in agriculture.
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Introduction

Maize (Zea mays) after wheat and rice is the
3" main cereal grain crop. It is used as a
staple food by human being, also used as
feed for livestock and raw material for
industry [1]. In Pakistan it was planted on
0.911 million hectares area, with total
production of 3.11 million tons during 2011-
2012. In Khyber Pakhtunkhwa maize was
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grown on 0.441 million hectares, with
production of 0.801 million tons and the
average yield recorded was only 1.81 t ha
[2].

Nitrogen is vital in crop productivity which
plays role in accelerating yield and gave
optimum economic return [3] and its
deficiency will constitutes in low yield and
productivity in cereal crops [4]. Efficient
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nitrogen use by maize permits use of
appropriate source in an adequate amount, at
proper timing and suitable application rates
[5, 6]. By applying proper dose and at
suitable timing nitrogen use efficiency can
be improved [7]. While recommending a
single level of N for corn is very difficult

rather incredible without seeing the
distinction in location and many other
factors. Thus, various scientists found

optimum maize yield using 140 to 250 kg N
ha* [8]. [9] stated, that a split application of
185 kg N ha'* was suitable to attain optimum
maize yield. Timing of N application is
also deliberated as the best managing
strategy and is very crucial for maize
production [10]. Nitrogen use efficiency
could be enhanced by applying it at proper
timing because it diminishes the menace of
losses through denitrification,
immobilization and leaching [6]. Rapid
growth and nutrient uptake period of cereal
crops was also testified to be about 35 days
after emergence at the eight-leaf
development stage.

The present experiment was aimed to study
the effect of nitrogen rates and application
timings in order to investigate appropriate
nitrogen fertilization for optimum maize
yield and yield components as it is of vital
importance and is a major yield influential
factor as compared to other nutrients
required by the plants.

Materials and methods

A field experiment was conducted to
investigate effects of nitrogen levels (80,
120, 160 and 200 kg ha™) and application
timings (full at sowing, % at sowing and %
at 25 days after sowing, 1/3 at sowing + 1/3
at 25 days after sowing + 1/3 at 50 days
after sowing) on growth and yield of maize
at Agronomy Research Farm, The
University of Agriculture, Peshawar,
during summer 2014. The research farm is
situated at 34.01° N latitude, 71.35° E
longitude with an altitude of 350 m from
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above sea level in Peshawar valley. The
experiment was carried out in randomized
complete block design (RCBD) having three
replications with a plot size of 3m x 3.5 m.
Plant to plant distance was 20 cm and row to
row distance was 75cm. Each plot
comprised of 3m long five rows. Data were
recorded on mean leaf area, plant height,
days to physiological maturity, number of
grains ear?, 1000-grains weight, biological
yield, grain yield and harvest index. Leaf
area was calculated by measuring the
lengths and widths of all leaves of five
representative plants from each treatment
at silking.

The mean single leaf area was calculated
by the formula

(Leaf area = Leaf length x Leaf width x
0.75).

Data on plant height (cm) at physiological
maturity was recorded from base to the tip
of tassel with the help of meter rod by
selecting ten plants randomly from each plot
and then averaged were worked out. Days to
physiological maturity were recorded from
the date of sowing till date when all the
plants gets physiological maturity in each
treatment. Number of grains ear! was
calculated on ten randomly selected ears
from each plot and were threshed and was
averaged. After threshing, Grain weight of
randomly 1000 grains was taken from seed
lot of each plot and was weighted with the
help of electronic balance so thousand grain
weight were recorded. Data on biological
yield was recorded by harvesting three
central rows in each plot, the plants along
with cobs were sun dried for several days
and weighed, and then converted into
biological yield kg ha™* by using formula.

Biological yield (kgha*) =Biological yield per three rowsx10000
No. of rows x row length x R-R distance

Three central rows of each treatment was
harvested, dried, threshed and weighted and
then was converted into grain yield (kg ha™2).
Grain yield = Grain yield per three rowsx10000
No. of rows x row length x R-R distance
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Harvest index for each treatment is

calculated by using the following formula.

Harvest index = Economic yield x 100
Biological yield

Statistical analysis

Data was statistically analyzed according

to [11] and means was compared through

LSD test (P < 0.05).

Results

Mean leaf area (cm?)

Mean leaf area of maize considerably

increased by increasing nitrogen rates (Table

1) and maximum mean leaf area (258.19

cm?) was measured in plots treated with 160

kg N hal, whereas minimum mean leaf area

(245.35 cm?) was recorded plots supplied

with 80 kg N ha. Similarly application of
whole dose of N at the time of sowing
resulted minimum mean leaf area (248.91
cm?) was observed in plots received full N at
sowing time, while maximum mean leaf area
of (260.93 cm?) be recorded in plots
receiving N half at time of sowing and at 25
days interval after sowing. Control plot
resulted lowest mean leaf area (215.03 cm?)
as compared to rest (256.04 cm?).
Interaction of nitrogen rates into application
timing had significant effect on mean leaf
area of maize. The mean leaf area increases
with increase in nitrogen rates with
application timing as shown in Figure 1.

Table 1. Mean leaf area, plant height, days to maturity, and number of grains ear of
maize as affected by nitrogen rates and its application times

Nitrogen Mean leaf Plant Days Number of
rates (kg ha?) area (cmz2) height (cm) to maturity grains ear!
80 245.35b 167.89 ¢ 98.56 b 335.22b
120 256.43 a 174.22 b 100.89 a 341.33 ab
160 258.19 a 188.00 a 101.44 a 369.67 a
200 264.21a 190.33 a 101.56 a 374.22 a
LSD 10.6 5.61 1.09 32.29
Application times (AT)

AT1 248.91D 176.58 a 100.08 b 340.25Db
AT2 260.93 a 184.25 a 10142 a 380.75 a
AT3 258.30 a 179.50 ab 100.33 b 344.33 a
LSD 9.18 4.86 0.94 27.97
Control 215.03 b 164.66 b 96.66 b 257.33 b
Rest 256.04 a 180.11 a 100.61 a 355.11a

N x AT 18.36 Ns Ns Ns

Note: (AT1 = full at sowing, AT2 = 1/2 at sowing + 1/2 at 25 days after sowing, AT3 = 1/3 at sowing + 1/3 at 25
days after sowing + 1/3 at 50 days after sowing).

Means of same category followed by different letter are significantly different from one another at p<0.05%.
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Figure 1. Interaction of nitrogen rates and application timing on mean leaf area of maize

Plant height (cm)

Data regarding plant height varied
significantly nitrogen levels, application
timing and control vs. rest, while N x AT
non-significant (Table 1). Mean data
indicated that taller plants (188 cm) were
observed in plots received 160 kg N ha™.
Whereas dwarf plants (167.89 cm) was
observed in plots treated with 80 kg N ha™.
Regarding application timings minimum
plant height (176.58 cm) was noticed in
plots received N full at sowing as
application timing (ATy while maximum
plant height (184.25 cm) was recorded in
plots received N in two splits that is half at
sowing time and other half at 25 days
interval after sowing. Data further revealed
that control plots attained minimum plant
height as compared to treated.

Days to physiological maturity

Days to physiological maturity significantly
affected by nitrogen, its application timings
and control vs. rest, while interaction
between the two factors was not significant
(Table 1). Maximum days to maturity (101)
were taken by plots received nitrogen at the
rate of 160 kg ha™. While minimum days to
maturity (98) were observed in the plots
fertilized 80 kg N hal. Regarding
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application  times  delayed  maturity
(101days) was noticed in the plots supplied
nitrogen half at sowing and half at interval
of 25 days after sowing, while early maturity
(100 days) was observed in plots fertilized
with full dose of N at sowing time. All
treated plots took more days to maturity than
control plots.

Number of grains ear!

Table 1 represents a significant effect of
nitrogen rates, application timing and
control vs. rest on number of grains ear? of
maize, while N x AT was found non-
significant. Increasing N rates significantly
increased grains ear from 335 (80 kg N ha-
1 to 369 (160 kg N hal). In case of AT
more grains ear® (380) were counted in
plots supplied with N half at sowing plus
half at 25 days after sowing, while less
grains ear™ (340) were recorded in plots to
which nitrogen was applied full at sowing
time. In planned mean comparison, control
plots produced lower grains ear! (257) as
compared to fertilized plots which produced
355 grains ear™.

Thousand grains weight (g)

Thousand grains weight of maize
considerably differed by nitrogen rates, its
application timings and control vs. rest,
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while interaction between N and AT was
found non-significant (Table 2). Maximum
1000-grains weight (245 g) was noticed in
plots fertilized with (160 kg N ha*). While
minimum 1000-grains weight (225 g) was
recorded in plots received 80 kg N ha™. In
application timings higher 1000-grains
weight (247 g) was recorded in plots to

which nitrogen was applied ¥2 as AT1 and %2
as AT2, while lower thousand grain weight
(234 g) was noted in plots to which whole N
was applied at sowing time. Furthermore, it
is evident from the planned mean data that
rest experimental units produced higher
thousand grains weight (238g) when
compared to control (215g).

Table 2. Thousand grains weight, biological yield, grain yield and harvest index of maize as
affected by nitrogen rates and its application times

Nitrogen Thousand Biological Grain Harvest
rates (kg ha) grains weight (g) | yield (kg ha!) | yield (kg ha?) | Index (%)
80 225.56 b 7939.78 ¢ 2877.44 ¢ 36.23 bc
120 236.67 a 8551.78 b 3291.22 b 38.67b
160 245.56 a 9593.22 a 4109.89 a 42.94 a
200 246.11 a 9593.44 a 4175.00 a 43.42 a
LSD 10.87 598.93 191.06 3.39
Application Times (AT)

AT1 234.17b 8443.17 b 3466.17 b 40.86 a
AT2 247.92 a 9195.58 a 3707.58 a 40.18 a
AT3 233.33b 9119.92 a 3666.42 a 40.20 a
LSD 9.41 518.69 165.46 Ns
Control 215.00 b 7302.333 b 2432.66 b 33.59b
Rest 238.47 a 8919.556 a 3613.38a 40.41 a
N x AT ns Ns ns Ns

Note: (AT1 = full at sowing, AT2 = 1/2 at sowing + 1/2 at 25 days after sowing, AT3 = 1/3 at sowing + 1/3 at 25

days after sowing + 1/3 at 50 days after sowing).

Means of same category followed by different letter are significantly different from one another at p<0.05%.

Biological yield (kg ha)

A significant effect of nitrogen levels,
application timings and control vs rest on
biological yield of maize is presented in
Table 2. Nitrogen applied at the rate of 160
kg ha! resulted maximum biological yield
(9593 kg ha?') whereas 80 kg N ha-1
resulted minimum biological yield (7939 kg
hal) of maize. Regarding AT lower
biological yield (8443 kg ha) was recorded
in plots fertilized with whole nitrogen at
sowing time, while maximum biological
yield (9195 kg ha') was noticed in plots
treated with nitrogen 50 % at sowing + 50 %
at 25 days after sowing. Similarly treated
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plots produced more biological yield than
control plots.

Grain yield (kg hat)

Statistical analysis of data showed a
significant  difference  of N levels,
application timings and control vs. rest on
grain yield of maize but interactive affect for
N rates and application times was found to
be non-significant (Table 2). Nitrogen
applied at the rate of 160 kg ha® produced
maximum grain yield (4109.89 kg ha™).
Whereas minimum grain yield (2877 kg ha
1y was produced by N applied at the rate of
80 kg hal. In application timings higher
grain yield (3707 kg ha') was recorded in
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plots received nitrogen half at sowing + half
at 25 days after sowing, while lower grain
yield (3466 kg hal) was recorded when
nitrogen was fertilized full at sowing.
Similarly all treated plots resulted maximum
grain yield (3613 kg ha) as compared to
control plots which produced minimum
grain yield (2432 kg hat).

Harvest index (%)

Table 2 revealed that harvest index of maize
was significantly affected by N rates while
the effect of application timings, control vs.
rest and N x AT was found non-significant.
Maximum harvest index (42.94 %) was
noticed in plots received 160 kg N ha™).
While minimum harvest index (36 %) was
recorded in plots treated with 80 kg N ha.
Discussion

Application of nitrogen rates and application
timing improved growth parameters (plant
height and mean leaf area. Nitrogen applied
at the rate of 160 kg ha* produced maximum
mean leaf area of maize. Increase in mean
leaf area may be due to more vegetative
growth due to higher level of N, as N is key
element which boosts up the growth. The
higher rate of N application increased leaf
area, so the given results are in
correspondence with [12]. Leaf area also
varied by nitrogen application timing and
maximum mean leaf area was recorded in
plots received N half at time of sowing and
at 25 days interval after sowing. These
results are in line with [12], stated that N in
four to five splits can increase leaf area of
maize. Higher plant height was recorded
when nitrogen was applied at the rate of 160
kg hal. It was might be due to increase in
accumulation of dry matter as a result of
more vigorous vegetative growth with the
application of N fertilizer. These results are
in line with [13] that N enhances the
vegetative growth in maize. Increase in the
rate of N leads to increase in plant height,
and was also recorded by Imran et al. [14]

and Wajid et al. [15] who investigated that
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higher nitrogen level influence plant height.
Nitrogen application timing also showed a
significant effect on plant height of maize.
These results are in line with [12], stated
that N in four to five splits can increase
plant height of maize. Similarly [16]
revealed that nitrogen in three splits can give
maximum plant height in maize.

Days to physiological maturity was delayed
by nitrogen levels and its time of
application. Maximum days to maturity
were noticed in the plots received 160 kg N
ha. Higher doses of nitrogen delay maturity
due to increase in vegetative growth. Similar
finding were observed by Imran et al. [14]
also stated that days to maturity delayed by
increasing the rate of N and split doses of
nitrogen fertilizer. The similar results were
also found by Amanullah et al. [17]. The use
of high rate of N increases heat units
(thermal time) up to physiological maturity
in maize crop [14]. These results are also
corroborated with [15] who observed
delayed maturity with increase in nitrogen
rate because nitrogen delays vegetative
growth and as a result delay maturity.
Nitrogen  application  timing  showed
significant effect on days to physiological
maturity of maize. Nitrogen and its
application timings had significant effect on
yield components (grains ear™ and thousand
grains weight) biological yield, grain yield
and harvest index of maize. Number of
grains ear® increased with increase in
nitrogen from 80 to 160 kg ha. The lower
total of grains ear! was noticed in the
control plots. The probable reason of less
number of grains ear in control plots might
be nitrogen absence and also less dry matter
buildup. The remarks of [18] supported our
results about the increase in number of
grains ear® with increase in nitrogen. [19]
also quoted that grains ear increased with
increase in N rates. The more number of
grains ear! could be the reason of less
nutrient competition at high N rates which
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will lead to more biomass production and as
a result more photosynthates travel from
source to sink. These outcomes are also in
accordance to [6] that by applying high rate
of nitrogen produced more number of grains
earl. Control gave less grains ear! as
compared to plots treated with nitrogen [14].
In case of AT more grains ear' were
counted in plots supplied with N half at
sowing plus half at 25 days after sowing
while less grains ear! were recorded in plots
to which nitrogen was applied full at sowing
time. These results are in accordance with
the findings of [16] who stated that N
application in three splits can give maximum
number of grains cob™. Similarly [20] also
found a significant difference in number of
grains ear.

Increase in N rates leads to increase in
thousand grains weight of maize. Lower
thousand grains weight was noticed in
control plots while those plots which were
treated with 160 kg N ha® gave highest
thousand grains weight. This might be due
to balance nutrient availability in fertilized
plots which boosted the photo assimilates
and increased the grain weight. Our findings
are in accordance with [21]. Applying
nitrogen in 2 splits showed optimum
thousand grains weight. Possibly it may be
the result of less nitrogen percolating and
more availability to the maize plant and also
the nitrogen use efficiency is improved.
More dry matter produced by those plants
taking more nitrogen in the process of
photosynthesis. Results are in link with that
of [22]. These results are further supported
by Radma and Dagash [23].

A linear increase was observed in biological
yield of maize by increasing N and higher
biological yield was recorded in plots
received 160 kg N ha. The findings are in
conformity with [24] who observed a
significant increase in vegetative biomass by
the application of higher N rates that is
directly proportional to enhanced biological
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yield. Regarding AT maximum biological
yield was noticed in plots supplied with
nitrogen, 50 % at sowing plus 50 % at 25
days after sowing. Our results are supported
by Nemati and Sharif [20] who found a
significant difference in biological yield of
maize.

Nitrogen at the rate of 160 kg ha® and its
application at AT2 gave maximum grain
yield. Control plots gave lower grain yield
as compare to fertilized plots. These
findings are parallel to that of [25], they
observed increase in grain yield by
increasing N levels. In case of application
timings, nitrogen half at sowing plus half at
25 days interval of sowing gave maximum
grain yield. The full dose of nitrogen
fertilizers at once is therefore not suggested
because it leads to losses as the plant cannot
utilize all the fertilizer at once, so to enhance
N use efficiency and yield it is advised to
use it in splits rather than sole application at
the time of planting [26]. Our results are
further supported by Tadesse et al. [27] who
observed that nitrogen application of ¥4 at
planting + % at knee height considerably
increased yield and yield components of
maize.

Harvest index was seen to be significantly
altered by N levels. The increase synthesis
of dry matter as a result of photosynthesis
and the significant interference of active
enzymes due to the use of N in inert form
led to more harvest index in corn [28]. [29]
stated that whenever, vyield and yield
components increases, a positive association
might be there for harvest index of corn.
[30] also described that optimum harvest
index was acquired when N was applied in
high doses to corn crop.

Conclusion

Nitrogen is very much important for
increasing yield. Right dose and at right
application time of N improved nitrogen use
efficiency of maize. Split application of N is
suitable to attain optimum maize vyield.
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Timing of N application is also deliberated
as the best managing strategy and is very
crucial for maize production. It was
concluded from the research that yield and
yield components of maize perform better
when fertilized with nitrogen at the rate of

160 kg hal. In addition to that ¥ N

applications at sowing + % at 25 days after

sowing of N fertilizer gave better results.
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