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ABSTRACT

Efficient use of nitrogen by maize warrants screening for an adequate amount to be applied at effective timing which
could bring synchronization between N demand and its supply through fertilizer, increasing production and N use
efficiency. A 4 x 5 factorial experiment was conducted to assess the effect of variable nitrogen rates and various
application timing schemes on yield, quality, and nitrogen use efficiency indices of maize in randomized complete block
design with three replications. Four N rates (N1 = 125, N2 = 150, N3 = 175 and N4 = 200 kg N ha'!) were subjected to
various timing schemes (S1 = 100% N before planting, S2 = 75% N before planting + 25% N at V9 (9 leaves stage), S3
= 50% N before planting + 50% N at V9, $4 = 25% N before planting + 75% N at V9 and S5 = 100% N top dressed at
V9). Results indicated that delaying more than 25% of N rate late up to the V9 stage proved significantly better
regarding all the studied parameters while S1 timing scheme was found to be least effective. The treatment combinations
N4S3, N4S4 and N334 were significantly at par (P>0.05) giving 7.49, 7.34 and 7.12 t ha’ grain yield, respectively.
Treatment N3S4 provided significantly higher (P<0.05) N-partial factor productivity (40.68 kg kg™®) and agronomic-N
efficiency (28.22 kg kg™h). Nitrogen rate N4 produced significantly higher (P<0.05)N concentration in stover (0.40%)
and total N accumulation (173.86 kg ha). Grain N concentration, grain protein concentration, grain oil concentration,
N-uptake efficiency, N-physiological efficiency and N-internal utilization efficiency could not be significantly affected
by N application rate of N4 above N3. Nitrogen rate N3 gave the highest degree of synchrony between N demand and
supply. Nitrogen rates N1 and N2 gave significantly lower results than N3 and N4. It is concluded that split application
of N3 through timing scheme $4 could be appropriate one giving higher production, grain quality and N use efficiency.
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INTRODUCTION fast developmental phase of maize starts from V6 during
which highest N uptake takes place, therefore, maize

Fertilizers must be applied at levels required for responds to the belated N appl i_cation. According to
best possible growth of crop in view of agro-climatic ~ Hassan et al. (2010), N application from V8 to V10
considerations and crop requirements. Higher fertilizer N growth stages could be the appropriate time of N supply
rates could cause the lodging risk, encouraged diseases 0 convene its high demand. Nitrogen application during
and commonly reduced the nitrogen use efficiency  late vegetative growth was also supported by Schmidt et
(Kanm and Ramasarny’ 2000, Halvorson et a]_, 2005) al. (2002) and Muthukumar et al. (2005) to be a means of

On the other hand, under application of fertilizers can ~ increasing nitrogen use efficiency. _

obstruct crop growth bringing lower yields in the short ~ Partial factor productivity (PFP), agronomic
term while in the long term it endangers sustainability in ~ &fficiency (AE), uptake efficiency (RE), physiological
the course of erosion and soil mining. The low chemical ~ €fficiency (PE) and internal utilization efficiency (IE)
fertilizer application rate together with declinein organic ~ constitute a set of simple indices and could be used in
matter content of soil has a major role in curving the soil agronomic research to appraise the applied fertilizer

fertility (Kumwenda et al., 1996). Therefore, screening  Efficiency particularly to assess the short-term response

for the best appropriate N application rates is very much ~ ©f crop to a nutrient (Cassman et al., 2002; Dobermann,
indispensable. 2007). Use of some other indicesis aso in practice but no

Nitrogen application timing is critical and is  additional advantages could have been reported for

regarded the most important decision for high yielding ~ understanding fertilizer best management practices. More
hybrid maize production (Walsh, 2006). Synchronization ~ detailed insight into the fate of nutrients in agro-
between N supply and demand enhances N uptake rates ecosystems could involve isotopes, which are princi pglly
and increase N use efficiency thereby reducing N losses ~ helpful — for understanding  losses  regarding

(Rizwan et al., 2003). According to Binder et al. (2000) immobilization, fixation and release mechanisms. But the
‘difference  method” (calculation of nutrient use
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efficiencies using differences in crop yield and/or nutrient
uptake between fertilized plots and an unfertilized
control) is cost-efficient and simple making it particularly
suitable for on-farm research (Dobermann, 2007). To
evaluate the effect of various rates of N fertilizer and N
application timing schemes on harvest, grain quality, N
accumulation and use efficiency of maize plants, four
rates of nitrogen (125, 150, 175 and 200 kg N ha'') were
subjected to various ratios between basal dose (broadcast-
incorporated at the time of seed bed preparation) and top
dressing at V9 growth stage (9 leaf stage) of maize.

MATERIALSAND METHODS

Site Description: Field experiment was conducted in
2010 at Research Farms (31°N: 73°E and 184.4 m above
sea level), University of Agriculture Faisalabad, Pakistan.
Soil was sandy clay loam with pH 7.7; Saturation 35%;
ECe 3.2 dS m; CEC 6.1 cmol) kg?; Organic matter
0.61%; Total nitrogen 0.02%; Available P 6.9 mg kg*
and Exchangeable K 129 mg kg.

Experimentation: A 4 x 5 factoria experiment was
conducted in randomized complete block (RCB) design
using three replications. Seedbed was prepared by
cultivating the soil for 2-3 times with tractor mounted
cultivator followed by planking. Maize hybrid
(Monsanto: DK-6525) was sown on February 18, 2010
using 75 cm apart ridges within an experimental plot of
size 10 m?. Sowing was done manually with the help of
dibbler by maintaining plant to plant distance of 20 cm
and 2-3 seeds were placed per hole. Thinning was done
after germination to keep one plant and maintain plant to
plant distance, giving the recommended plant density of
66666 maize plants hal. To al the experimental plots,
whole of the P,Os (@ 150 kg ha) and KO (@ 100 kg
ha') was applied through Single Super Phosphate (SSP)
and Sulphate of Potash (SOP), respectively, at sowing
time; however, nitrogen was applied between two stages;
seed bed preparation and V9 (9 leaves stage) according to
the theme of each treatment. Four N rates; N1 (125 kg N
ha?), N2 (150 kg N ha?), N3 (175 kg N hal) and N4
(200 kg N ha?') were tested in this experiment, while
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various N application timing schemes included; S1
(100% N broadcast-incorporated before planting at seed
bed preparation), S2 (75% N broadcast-incorporated
before planting at seed bed preparation + 25% N top
dressed at V9), S3 (50% N broadcast-incorporated before
planting at seed bed preparation + 50% N top dressed at
V9), S (25% N broadcast-incorporated before planting
at seed bed preparation + 75% N top dressed at V9) and
S5 (100% N top dressed a V9). Two controls, C1
(nothing applied) and C2 (only P,Os and K20) were also
kept in the study. Meteorological data was taken from
nearly situated agricultural meteorology cell. Throughout
the experiment (from sowing toharvesting on May 28,
2010), average temperature, average relative humidity,
tota rainfall, average sun  shine, average
evapotranspiration and average wind speed were recorded
to be 27.4 °C, 44.2%, 21.3 mm, 8.7 hours, 4.7 mm and
4.8 km hl, respectively. A total of 6 irrigations were
applied using canal water up to physiological maturity of
the crop. Weeds were controlled manually. Granular
insecticide Furadon (3% G) (FMC, Pakistan) was applied
twice @ 20 kg ha* to control stem borer. Grain yield was
recorded on subplot basis and then converted into tons
per hectare (t hal). Biological yield comprises grain,
stover and pith yield. Crop from each subplot was
harvested manually, sun dried and weighed to determine
the biological yield in kg per plot and then converted to t
ha. Nitrogen content of maize grain and stover samples
collected from each subplot was determined by using the
micro-Kjeldhal method. After oven drying and recording
the weights plant samples were milled to a fine powder
with a particle size <0.2 mm to determine the total
nitrogen content and calculate total N accumulation in
above ground parts in kg hal Grain Protein
Concentration (%) was determined using the formula;

Grain Protein Concentration (%) = Grain N (%)
X 6.25 (Amanullah, 2004)

QOil content (%) of the representative seed
sample was determined by Soxhlet method described by
Low (1990). While, agronomic indices used to measure
nitrogen use efficiency included;

N-Partial Factor Productivity

PFPy = kg harvested product per kg nitrogen applied

Yield (kg ha)

N-Agronomic Efficiency
AEy = kg yield increase per kg nitrogen applied

N applied (kg hal)

Grain yield from plots with N (kg ha?) - Grain yield from plots without N (kg ha't)

N applied (kg hal)

N Uptake/Recovery Efficiency

REn = kg increase in N accumulation per kg N applied

N accumulation from plots with N (kg ha?) — N accumulationfrom plots without N (kg ha®)

N applied (kg ha'?)

N-Physiological Efficiency
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PEN = kg yield increase per kg increase in N accumulation from fertilizer
Grain yield from plots with N (kg ha?) - Grain yield from plots without N (kg ha®)

N accumulation from plots with N (kg ha') — N accumulation from plots without N (kg ha'?)

N-Internal Utilization Efficiency
|En = kg yield per kg nutrient accumulation
Grain Yield (kg hal)
N accumulation (kg ha®)
Degree of Synchrony between N Demand and Supply
Expression that represents the degree of
synchrony between N supplyand demand:
Fn/(2-1n/Un)

Where;

Un: Crop N accumulation in aboveground biomass at
physiological maturity in N-fertilized plots (kg N ha'®)

In: Crop N accumulation in control plots without
applied N (kg N ha'l)

Fn: The amount of applied N fertilizer (kg N hat).
More the value of this expression, lesser will be the
synchrony between N supply and demand and vice versa.

Statistical Analysis: Data were subjected to analysis of
variance (ANOVA) and for significant differences
between treatment means; least significant difference test
(LSD) at P < 0.05 (Steel et al., 1997) was used. Summary
of ANOVA isgivenin Tablel.

RESULTS

Grain and biological yields: The maximum grain yield
(7.49 t ha') was recorded with higher N rate (N4) when
subjected to timing scheme S3. Nevertheless, other
combinations, N4S4 (7.34 t ha?) and N3$4 (7.12 t ha?)
were also at par to N4S3 for higher grain yields (Figure
1). Similarly, the interaction N4S3 provided highest
biological yield (18.82 t ha?), while the combination
N4S4 was also at par giving 18.71 t ha® biological yield
(Figure 2). The minimum grain (3.22 t ha') and
biological yields (11.66 t ha?®) were recorded with
treatment combination of N1S1.

N accumulation parameters: The N application rate of
175 kg ha' (N3) showed plants with maximum grain
nitrogen concentration (1.31%) but the upper application
of 200 kg ha' (N4) was also at par to N3 with 1.30%
nitrogen in grains. Stover nitrogen concentration and total
above ground crop N accumulation consistently increased
with increase in nitrogen rates, being maximum (0.40%
and 173.68 kg ha?, respectively) using N application rate
N4 (Tablell).

Regarding N application timings, timing scheme
A provided the maximum grain (1.27%) and stover
nitrogen (0.38%) concentrations. Total above ground
crop N accumulation was maximum (160.36 kg ha') with
4 treatment and it was at par with S3 (153.77 kg ha?)
while significantly higher from all other S treatments.
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The decreasing order of S treatments for total above
ground crop N accumulation was found as $4 > S3 > S5
> S2 > Sl (Table ). Therefore, it is obvious that
decrease in basal N dose and increasing the quantity of N
in second split to be applied at V9 significantly enhanced
nitrogen accumulation but complete elimination of basal
N reversed thisincreasing trend (Table I1).

Grain quality parameters. The grain crude protein and
the grain oil concentration increased with increase in
nitrogen but up to N3 (175 kg ha?). Further increase to
N4 (200 kg ha') could not affect significantly rather
curved the measurements from 8.18 to 8.14% and 4.21 to
4.19% compared to N3, respectively (Tablell).

Application of more nitrogen in second split at
V9 dignificantly increased the grain protein and oil
concentration but up to S4 and when the entire nitrogen
was applied at V9 (S5) the grain protein and oil decreased
again; the maximum being observed as 7.93% and
4.08%, respectively with S4 treatment and it was
statistically significant (P<0.05) from other S treatments
(Tablell).

N use efficiency parameters. N-partia factor
productivity and the N-agronomic efficiency were
recorded to be maximum (40.68 kg kgt and 28.22 kg kg
!, respectively) with the interaction of N3S4 and at par to
this were the combinations of N3S3 (39.46 kg kg?) for
N-partial factor productivity (Figure 3); while N3S3
(27.00 kg kgh and N4S3 (26.53 kg kg?) for N-
agronomic efficiency (Figure 4). The minimum N-Partial
factor productivity (25.77 kg kg') and N-agronomic
efficiency (8.32 kg kg?®) were recorded with treatment
combination of N1S1. Therefore, it seemed that 125 kg N
ha could not be an adequate application level regarding
nourishing of this hybrid maize. Moreover, application of
entire N at planting did not appear as a wise choice.

It was further observed from the results that the
treatment N3 (175 kg N ha') showed the highest N-
uptake efficiency (0.58 kg kg?). Nevertheless, N4 (200
kg ha') was at par (P>0.05) to N3 with reduced value of
0.55 kg kg?. The remaining two efficiency parameters;
N-physiological efficiency and N-internal utilization
efficiency increased consistently with increasing N rates;
N4 provided the maximum values (42.86 kg kg and
39.60 kg kg, respectively) but for these two types of N
use efficiency, N3 and N2 (150 kg N ha?') were also at
par with N4 giving physiological efficiency as 41.76 kg
kg! and 40.95 kg kg?l, respectively; while internal
utilization efficiency of 38.95 kg kg* and 37.75 kg kg2,
respectively (Tablel1l).
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Tablel: Summary of analysis of variance (ANOVA).
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Sr. Parameters N Rates Timing N Ratesx Timing
No. (N) Schemes (S) Schemes (N x S)
1 Grainyield i . :
2 Biological yield i
3 Grain N concentration NS
4 Stover N concentration NS
5 Above ground crop N accumulation NS
6 Grain protein concentration NS
7 Grain oil concentration i i NS
8 N-partial factor productivity . . :
9 N-agronomic efficiency i i :
10  N-uptake efficiency i . NS
11  N-physiological efficiency . . NS
12  N-internal utilization efficiency i i NS
13 Synchrony b/t N demand and supply i i NS

NS = non-significant (P>0.05); * = significant (P<0.05)
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Figure 1: Grain yield of hybrid maize at different N application rates subjected to various application timing

schemes

C1 = no addition, C2= 150 kg P,Os ha + 100 kg KO ha?, N1 =125 kg N hal, N2 = 150 kg N ha?, N3=175kg N ha
1, N4 =200 kg N ha?, S1 =100% N broadcast-incorporated at seed bed preparation + 150 kg P,Os ha* + 100 kg K20 har
1,82 = 75% N broadcast-incorporated at seed bed preparation + 25% N top dressed at V9 + 150 kg P-Os ha! + 100 kg
K20 ha?, S3 = 50% N broadcast-incorporated at seed bed preparation + 50% N top dressed at V9 + 150 kg P-Os hat +
100 kg K20 ha', S4 = 25% N broadcast-incorporated at seed bed preparation + 75% N top dressed at V9 + 150 kg P2Os
ha't + 100 kg KO ha'!, S5 = 100% N top dressed at V9 + 150 kg P,0s ha'® + 100 kg KO ha'

With respect to application timing schemes, N-
uptake efficiency was found maximum (0.59 kg kg?)
with $4 timing scheme, however, S3 was also at par with
S4 giving measurement of 0.54 kg kg*. The maximum
N-physiological efficiency was observed as 42.95 kg kg
with S5 treatment but it was statistically at par with S3
(42.72 kg kg?) and S4 (41.44 kg kg?). The N-interna
utilization efficiency was maximum (39.15 kg kg1) with
S3 treatment but with S5 (38.98 kg kg?), $4 (38.52 kg
kgl and S2 (37.03 kg kg?) it was statistically at par
(Tablelll).

Synchrony between N demand and supply: The
maximum value (317.77) for the expression {Fn/(1-
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InUn)} was recorded with N4, thus the higher N rate
gave the significantly lowest degree of synchrony
between N demand and supply. The lowest value
(285.24) of {Fn/(1-1n/Un)} i.e. the highest synchrony
between N demand and supply was recorded with N3
(Table 111). Regarding timing schemes, maximum value
(323.71) of the expression { Fn/(1-1n/UN)}, i.€. the lowest
degree of synchrony between N demand and supply was
noted with S1 timing scheme. The lowest value (273.08)
of {Fv/(1-In/UN)}, therefore, the maximum degree of
synchrony between N demand and supply was observed
with $4 treatment but S3 (283.83) was also statistically at
par (Tablelll).
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Figure 2:Biological yield of hybrid maize at different N application rates subjected to various application timing
schemes
C1 = no addition, C2= 150 kg P.Os ha + 100 kg K0 ha?, N1 =125 kg N ha', N2 =150 kg N ha?, N3=175kg N ha
1, N4 =200 kg N ha?, S1 =100% N broadcast-incorporated at seed bed preparation + 150 kg P,Os ha* + 100 kg KO ha
1,82 = 75% N broadcast-incorporated at seed bed preparation + 25% N top dressed at V9 + 150 kg P.Os hat + 100 kg
K20 hal, S3 = 50% N broadcast-incorporated at seed bed preparation + 50% N top dressed at V9 + 150 kg P,Os hat +
100 kg K20 ha, S4 = 25% N broadcast-incorporated at seed bed preparation + 75% N top dressed at V9 + 150 kg P2Os
ha' + 100 kg K20 ha?, S5 = 100% N top dressed at V9 + 150 kg P,Os ha* + 100 kg K0 ha*

Table Il: Grain nitrogen concentration, stover nitrogen concentration, above ground crop N accumulation, grain
protein concentration and grain oil concentration as influenced by nitrogen rates and application timing

schemes.
Grain N Stover N Aboveground crop N Grain protein Grain oil
concentration  concentration accumulation concentration concentration
% % kg ha? % %
C1 0.74 + 0.015a 0.20 + 0.004a 54.99 + 2.32a 4.64 + 0.10a 2.33+ 0.05a
Cc2 0.81 + 0.025a 0.22 + 0.007a 63.30 £ 3.92a 5.05+ 0.15a 2.54 + 0.08a
N Rates
N1 1.02 £ 0.016c 0.30 + 0.004d 112.48 + 2.44d 6.40+ 0.10c 3.25+ 0.05c
N2 1.11 + 0.019b 0.32 + 0.004c 131.41 + 3.06¢ 6.92+0.12b 3.55+ 0.06b
N3 1.31+0.018a 0.39 + 0.007b 165.20 + 3.28b 8.18+0.11a 4.21 + 0.06a
N4 1.30+ 0.019a 0.40 + 0.008a 173.86 + 4.69a 8.14+0.12a 4.19 + 0.06a
LSD (P <0.05) 0.03 0.01 7.16 0.21 0.10
N Application Timing Schemes
S1 1.12 + 0.038d 0.33+0.011c 133.28 £ 7.70c 6.98 + 0.24d 3.57+0.12d
2 1.14+0.035cd 0.34+0.013b 139.30 + 7.26bc 7.13 + 0.22cd 3.66+ 0.12cd
S3 1.22 + 0.043b 0.37 + 0.015a 153.77 £ 8.80a 7.64+0.27b 3.93+0.14b
A 1.27 £ 0.043a 0.38 + 0.016a 160.36 + 8.61a 7.93+0.27a 4.08 + 0.14a
S5 1.18 + 0.037c 0.34 + 0.012bc 141.97 + 7.10b 7.36+0.23c 3.75+0.13c
LSD (P <0.05) 0.04 0.01 8.01 0.23 0.12

Means (n = 3) sharing similar lettersin a cell are statistically non-significant (P>0.05)

C1 = no addition, C2= 150 kg P20s ha! + 100 kg K20 hal, N1 = 125 kg N hal, N2 = 150 kg N ha?, N3 = 175 kg N ha?, N4 = 200
kg N hal, S1 =100% N broadcast-incorporated at seed bed preparation + 150 kg P-Os hat + 100 kg K20 hal, S2 = 75% N broadcast-
incorporated at seed bed preparation + 25% N top dressed at V9 + 150 kg P20s ha! + 100 kg K20 ha?, S3 = 50% N broadcast-
incorporated at seed bed preparation + 50% N top dressed at V9 + 150 kg P20s ha! + 100 kg K20 ha?, $4 = 25% N broadcast-
incorporated at seed bed preparation + 75% N top dressed at V9 + 150 kg P20s ha! + 100 kg K20 hal, S5 = 100% N top dressed at
V9 + 150 kg P20Os ha'' + 100 kg K20 hat
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Figure 3: N-partial factor productivity of hybrid maize at different N application rates subjected to various
application timing schemes.

N1=125kgN ha?, N2 =150 kg N ha?l, N3 =175 kg N ha?, N4 = 200 kg N ha?, S1 = 100% N broadcast-incorporated
at seed bed preparation + 150 kg POs ha' + 100 kg KO ha?, S2 = 75% N broadcast-incorporated at seed bed
preparation + 25% N top dressed at V9 + 150 kg P,Os ha' + 100 kg K20 ha?, S3 = 50% N broadcast-incorporated at
seed bed preparation + 50% N top dressed at V9 + 150 kg P,Os ha'l + 100 kg K20 ha?, $4 = 25% N broadcast-
incorporated at seed bed preparation + 75% N top dressed at V9 + 150 kg P.Os ha! + 100 kg K20 ha?, S5 =100% N top
dressed at V9 + 150 kg P.Os ha + 100 kg KO ha*

A= MNA -—---N2 — N3 —=— N4
20 - 258.22

AEy (kg ky)
1]

n) T . T .
=1 52 =3 =4 S5
M aplication timing schemses
Figure 4: N-agronomic efficiency of hybrid maize at different N application rates subjected to various application
timing schemes
N1=125kgN ha?, N2 =150 kg N ha?l, N3 =175 kg N ha?, N4 = 200 kg N ha?, S1 = 100% N broadcast-incorporated
at seed bed preparation + 150 kg P,Os ha'! + 100 kg KO ha?, S2 = 75% N broadcast-incorporated at seed bed
preparation + 25% N top dressed at V9 + 150 kg P,Os ha' + 100 kg K20 ha?, S3 = 50% N broadcast-incorporated at
seed bed preparation + 50% N top dressed at V9 + 150 kg P.Os ha'l + 100 kg K20 ha?, $4 = 25% N broadcast-
incorporated at seed bed preparation + 75% N top dressed at V9 + 150 kg P.Os ha! + 100 kg K20 ha?, S5 =100% N top
dressed at V9 + 150 kg P.Os ha + 100 kg KO ha*
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Table I11: Nitrogen use efficiency indices and the synchrony between nitrogen demand and supply as influenced
by variable nitrogen ratesand application timing schemes.

. . N-Internal Expression for synchrony
Treatments Effil(\:li-elég;aFR?EN) gﬁgﬁg?%éﬁ; Utilization between N demand and
Efficiency (IEn) supply {Fn/(1-In/Un)}
kg kgt
N Rates
N1 0.39 + 0.020c 35.71+ 1.94b 35.13+ 0.84b 292.29 + 9.45b
N2 0.45 + 0.020b 40.95 = 1.90a 37.75£0.97a 293.41 £ 6.45b
N3 0.58 + 0.019a 41.76 £ 0.79a 38.95 % 0.48a 285.24 + 3.41c
N4 0.55 + 0.023a 42.86 = 1.52a 39.60 £ 0.85a 317.77 £ 5.58a
LSD (P <0.05) 0.04 4.05 212 14.20
N Application Timing Schemes
S1 0.42 + 0.029¢c 36.04 + 2.09b 35.61+ 1.01b 323.71+8.32a
2 0.46 + 0.025hc 38.46 + 2.54ab 37.03+ 1.37ab 305.63+6.13b
S3 0.54 + 0.031a 42,72+ 1.54a 39.15+ 0.89a 283.83 + 5.28cd
A 0.59 + 0.026a 41.44 +1.03a 38.52 + 0.61a 273.08 + 5.12d
S5 0.48 £ 0.024b 42.95 = 1.50a 38.98 £ 0.78a 299.65 + 6.65bc
LSD (P <0.05) 0.05 4.52 2.37 15.87

Means (n=3) sharing similar lettersin acell are statistically non-significant (P>0.05)

N1 =125kg N hal, N2 =150 kg N ha?, N3 = 175 kg N ha?, N4 = 200 kg N ha?, S1 = 100% N broadcast-incorporated at seed bed
preparation + 150 kg P20s hat + 100 kg K20 ha?, S2 = 75% N broadcast-incorporated at seed bed preparation + 25% N top dressed at
V9 + 150 kg P20s ha' + 100 kg K20 ha?, S3 = 50% N broadcast-incorporated at seed bed preparation + 50% N top dressed at V9 +
150 kg P20s hat + 100 kg K20 ha, S4 = 25% N broadcast-incorporated at seed bed preparation + 75% N top dressed at V9 + 150 kg
P2Os hat + 100 kg K20 ha?t, S5 = 100% N top dressed at V9 + 150 kg P20s ha + 100 kg K20 ha?

DISCUSSION

Nitrogen fertilization is unanimously accepted
as a key factor for elevated yield and optimal economic
returns (Amanullah and Almas, 2009) and N deficiency
could be one of the key yield limiting causes for cereal
production (Shah et al., 2003). Increase in yield with
increasing N might be attributed to enhanced N uptake by
maize followed by partitioning of more assimilates to
cobs. Results are in conformity with the findings of Oscar
and Tollenaar (2006), Amanullah and Almas (2009) and
Delibaltova et al. (2010) who described the invigorating
effect of N for maize grain yield. Significant effect of N
rates on biological yield could be ascribed to higher grain
yield, dry matter accumulation and the N uptake. Results
are in line with the findings of Bakht et al. (2006) and
Alizade et al. (2007).

The dgnificant increase in  nitrogen
accumulation in response to increasing N rates could be
credited; to additional nutrients availability and to
elevated N concentration in particular, to speedy growth
and development of roots and shoots, to improved
microbial activity and thus to increasing soil N
mineralization making available more soil N to plants. A
sturdy correlation between soil inorganic N and maize N
accumulation has aready been reported by Delgado
(2002), Quaye et al. (2009), Hassan et al. (2010) and
Saeed (2010).
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Increase in grain crude protein concentration
with increase in N could be attributed to the fact that N be
a component of protein as it was reported by Hague et al.
(2001) that inadequate supply of N could cause retarded
growth owing to be a constituent of protein and nucleic
acids. Similarly, according to Ayub et al. (2002a) N
application could increase the nutritive value of grain due
toincrease in grain crude protein concentration. Maize oil
is a good energy source and our results are in line with
those of Rasheed et al. (2004) who reported that
increasing N application could increase the maize grain
oil concentration. Results are also similar to Saeed (2010)
who attributed the increase in maize grain oil percentage
with increment in N application rate to the fact that a
sufficient N supply is necessary for oil biosynthesis in
maize through size optimization of required enzymatic
machinery. Conversely, results are not in line with those
of Ayub et al. (2000), Hati et al. (2001), Nadeem et al.
(2009) and Rehman et al. (2011) who recorded decreased
seed oil content with increasing N rates. Rafiq (2010)
reported that though oil contents decreased with
increasing nitrogen levels but the decrease was non-
significant. This discrepancy could be attributed to the
interaction of nitrogen and phosphorus as was reported by
Blumenthal et al. (2008) that studies with disagreement
regarding grain oil concentration in response to N rates
could differ in their phosphorus application rates.
Together with N, higher application rate of phosphorus
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and/or potash might be the source of increasing grain oil
concentration of maize. Maize hybrids are widely
cultivated for their grain oil contents, so, their response
could vary throwing in bulk of photosynthates for oil
synthesis.

The use efficiency of fertilizer N depends on its
application rates. Our results are in line with those of
Zadaet al. (2000) and Rehman et al. (2011) who reported
that nutrient use efficiency increased but up to a certain
level of fertilizer application and then it curved with
further increase in fertilizer application probably due to
the fact that higher rates of fertilizer could lead to
relatively more losses of nutrient. Results are contrary to
Pikul et al. (2005), who observed that increase in N
application rates brought a continuous decrease in
nitrogen use efficiency. Increased application quantity
followed by higher uptake and utilization efficiency of
the nutrient in grain production could be the cause of
higher partial factor productivity (Cassman et al., 1996).
Lower N-partia factor productivity and N-agronomic
efficiency at the higher N application rate might be
ascribed to nutrient imbalance and the declined soil
indigenous N supply.

N uptake efficiency increased with increased N
rates but then decreased, thus being maximum near the
middle of the range of N application rates. Results
support the findings of Rehman et al. (2011) that the
highest N uptake efficiency was recorded with medium N
fertilizer rate. In case of N utilization efficiency, results
showed that it first increased with increase in N
application rate then decreased followed by an increase
again. Rehman et al. (2011) also observed the lowest N
utilization efficiency with the medium N fertilizer rate.
The inverse relation between N uptake efficiency and N
utilization efficiency might be explained in that N uptake
efficiency has direct relation with total N accumulation
by plant while N utilization efficiency possesses an
indirect one. Presterl et al. (2002) aso recorded a
negative relationship between these two components of N
use efficiency.

N-physiological  efficiency increased with
increasing N rates owing to increase in grain yield.
Together with other efficiency components, the N-
physiological efficiency must also be considered while
managing for improved N use efficiency of cered
production systems to help measure economic impact on
grain yield concerning inputs and accumulation of N
(Cassman et al., 2002).

Synchronization of N demand and its supply
through split application at various growth stages is
essential for increased yield and N use efficiency
(Amanullah and Almas, 2009). Little but incessant N
supply according to plant need could bring better
utilization of applied N and hence causing less significant
losses (Torbert et al., 2001). To avoid N losses and to
augment the economic returns for farmers, it is required
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to sustain a high crop yield which is not possible without
efficient N use and split N application might be the best
technique an agriculturist could use at the farm
(Amanullah and Almas, 2009). Similarly, according to
Binder et al. (2000) delayed application of N fertilizersto
maize has numerous advantages but effectiveness
depends upon the degree of N deficiency; completely N
deficient maize crop when received N fertilization late in
the vegetative phase yielded comparatively higher than
no N fertilization but could not attained the maximum
yield. This finding of Binder and his coworkers supported
our finding that application of the entire N late at V9
growth stage though appeared relatively promising than
entire usage before planting at seedbed preparation but
was less effective than split plans which involved some N
application at earlier than V9.

Our results showed that applying the entire N
rate at seedbed preparation was least effective way of N
management with respect to yield and N use efficiency of
maize crop while delay in N application proved to be a
better tactics. Gradually increasing the N amount in
second split to be applied at V9 increased the yield,
quality and nitrogen use efficiency parameters and
synchrony between N demand and supply. Application of
the entire N late in the vegetative phase at V9 growth
stage brought relatively higher yield of maize than entire
or 75% N application before planting. Nevertheless,
omitting basal N dose completely could not bring as
promising results as splitting plans of supplying 25 or
50% N rate at seedbed preparation. Results are in line
with those of Walsh (2006) who recorded the highest
fertilizer N use efficiency with split N application plan (at
seedbed preparation + side dressed at V10). The lowest N
use efficiency was recorded when no N was applied at
seedbed preparation and the entire N application was
delayed up to VT (tasseling) growth stage and this was
ascribed to the fact that since want for N fertilizer
throughout the crop establishment followed by rapid
developmental phase could not be satisfied in the
beginning of growing season, even the huge amounts of
N application later on did not allow the crop to recover
fully achieving the maximum yields.

Conclusion: Nitrogen fertilizer rates and its application
timing schemes significantly affected maize production,
grain quality and nitrogen use efficiency indices. Where
application of the entire N at seed bed preparation seems
better to avoid, delaying al N application to about mid of
the vegetative phase (V9 growth stage) seems not
appropriate too. Split use of 175 kg N ha?! (broadcast-
incorporating only 25% of N at seed bed preparation
while the rest to be applied at V9 stagethrough top
dressing) is recommended.Mostly, top dressing is
preferred by the local farmers owing to be a relatively
easy method to apply second split of N fertilizers during
growth phase of maize. Nevertheless, side dressing of
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second split of N should also be tested bringing
comparative effect on yield and N use efficiency of
mai ze.
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