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Optimizing the fertilizer rates is necessary to achieve optimal yield potential of a cultivar. A study was carried out to
evaluate the effect of different NPK fertilizer rates on the growth and yield of two maize hybrids during autumn season,
2012 in agro-ecological conditions of Faisalabad, Punjab-Pakistan. Two maize hybrids namely Monsanto-6789 and
Pioneer- 30Y87 were tested using different fertilizer rates viz., F1 (200:100:90 kg NPK ha-1), F2 (250:125:110 kg NPK ha1
), F3 (300:150:130 kg NPK ha-1) and F4 (350:175:150 kg NPK ha-1). Treatments were arranged in randomized complete
block design under factorial arrangement replicated thrice. Results revealed that increasing the level of fertilizer up till F3
enhanced the crop yield and its related attributes. Maximum 1000-grains weight (255.4 g), grain yield (6.9 t ha-1) and
biological yield (20.97 t ha-1) were observed in F3 (300:150:130 kg NPK ha-1). Whereas, among different hybrids, Pioneer30Y87 outperformed Monsanto-6789 regarding number of grain rows per cob, cob diameter, grains per cob, 1000-grains
weight and grain yield. On interactive basis, Pioneer-30Y87× F3 proved the best combination regarding all studied
attributes. Furthermore, highest economic net benefits were also associated with the same treatment combination.
Conclusively, of the factors included in this study, maize hybrids and NPK fertilization treatments were dominant in
determining grain yield as well as its related components, suggesting that cultivar selection and optimum fertilization are
effective strategies to improve grain yield. However, multi-location and multi-year studies are required to test these results
using different cultivars under varying soil and climatic conditions.
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Nitrogen plays an important role in plant growth processes
because nitrogen is integral part of chlorophyll. Nitrogen is
main constituent of many enzymes, nucleic acid and many
proteins. Therefore, nitrogen in excess or deficiency reduced
the yield of maize (Sharifi and Taghizadeh, 2009; Khan et
al., 2014). Nitrogen application not only increases the yield
of maize but also improves the protein contents of maize
crop (Khandaker and Islam, 1988). Deficiency of nitrogen
results in low plant growth which reduces the grain yield,
leaf area index, leaf area duration and rate of
photosynthesis. It imparts dark green color to plants
(Mahmood et al., 2001; Khan et al., 2014).
Phosphorus is important for yielding capacity, protoplasm
formation and it influences the quantity of available
nitrogen to plant. Phosphorus is essential for inflorescence,
grain formation, ripening and reproductive parts of maize
plant (Ibrahim and Kandil, 2007). It is needed for growth,
nucleus formation, photosynthesis, utilization of sugar and
starch, cell division and fat and albumen formation.
Phosphorus is readily translocated within the plants and it
moves from older tissues to younger tissues (Ali et al.,
2002). Phosphorus in adequate amount is necessary for
earlier maturity, rapid growth and improves the quality of
vegetative growth. Deficiency of Phosphorus is responsible

INTRODUCTION
Maize (Zea mays L.) is an important cereal crop worldwide
having great economic value. It is used as food for human
consumption and fodder, forage and silage for livestock
(Harris et al., 2007; Fahad et al., 2014a). It is grown on an
area of 9.39 million hectares in Pakistan with annual
production of 4.27 million tons and average yield 3.56 ton
ha-1 (GOP, 2010). In Pakistan, national average yield of
maize is extremely low as compared to developed countries,
and imbalanced supply of nutrients is considered as one of
the major cause of yield reduction (Fahad et al., 2014b,
Khan et al., 2014). Maize is anatomically C4 plant,
therefore, its growth rate and production of dry matter is
higher than to wheat (Oaks, 1994). Maize is an important
source of edible oil. Starch is the main product of maize
from which dextrin, liquid glucose, solid glucose, powder
glucose and crystalline dextrose are prepared (Masood et al.,
2011; Eltelib et al., 2006). Worldwide, maize starch is also
used for the production of biofuel (as ethanol) after
fermentation (Ahmad et al., 2007). Maize grain contains
72% starch, 5.8% fiber, 3.0% sugar, 10% protein, 4.8% oil
and 1.7% ash (Hussain et al., 2007).
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at tasseling stage). Carbofuron (Furadan 3-G) @6 kg ha-1
was applied after thinning of crop at 3-4 leaf stage to protect
the crop from maize borer and shoot fly (Ostrinia and
Atherigonasoccata). Two maize hybrids viz., Monsanto6789 and Pioneer-30Y87 were tested under different NPK
levels viz., F1 (200:100:90 kg NPK ha-1), F2 (250:125:110
kg NPK ha-1), F3 (300:150:130 kg NPK ha-1) and F4
(350:175:150 kg NPK ha-1).

for small ears in maize due to crooked and missing rows as
kernel twist (Rashid and Memon, 2001).
Potassium also plays pivotal role for synthesis of
carbohydrates and protein in plants and it is essential for
activation of many enzymes (Tisdale et al., 1990). Maize
hybrids exhibited different response to application of
potassium due to difference in uptake, utilization,
translocation, accumulation and growth (Minjian et al.,
2007). Optimum and balanced use of NPK fertilizer
increased the yield of maize, therefore, proper dosage of
NPK is of prime importance (Asghar et al., 2010).
Cultivars differ in their response to nutrient supply and
when planted in different geographical environments (Grant
et al. 2008). Optimizing the NPK fertilizer doses is
necessary to achieve optimal yield potential of a cultivar.
The present study was therefore, devised to evaluate the
response of potentially high yielding cultivars Monsanto6789 and Pioneer-30Y87 of maize to different rates of NPK
fertilizer during autumn season under the agro climatic
condition of Faisalabad.

Data Collection: For recording grain weight per cob, five
cobs were selected at random from each plot and grain
weight per cob was recorded and averaged. Number of
grains per cob, were determined by taking ten cobs at
random from each plot and counted their grains and then
averaged. 1000-grain weight was calculated by taking five
cobs at random from each plot and then counted the
thousand grains by seed counter and then took 1000-grain
weight. Grain pith ratio was obtained by taking ten plants at
random from each plot and then took grain weight and pith
weight. Grain weight was divided by pith weight for
estimation of grain pith ratio. For obtaining grain yield, cobs
of all the plants from each net plot were sun dried and
shelled with a mechanical sheller to obtain the grain yield.
The produce was weighed using a spring balance and
converted into t ha-1. Biological yield was determined by
taking weight of sun dried bundles with the help of spring
balance and then yield on hectare basis was calculated. Net
field benefits were calculated by subtracting the total cost
from the total benefits of each treatment combination. Input
and output cost for each treatment combination was
converted into Rs. ha-1.

MATERIALS AND METHODS
Site description :A field experiment, to analyze the effect of
different NPK fertilizer rates on growth and yield of maize
hybrids (Zea mays L.) was conducted during the 2012
(autumn season) at Agronomic Research Area, University of
Agriculture, Faisalabad, Pakistan (31.25° N, 73.09° E, and
184 m above sea level). Due to high evapotranspiration,
Faisalabad features a semi-arid climate with mean annual
rainfall of about 200 mm. Pre-sowing soil samples were
collected from experimental area with the help of a soil
auger to a depth of 0-30 cm and then air dried for
physico-chemical analysis. The soil of the experimental
site was a sandy clay loam with proportion of sand, silt and
clay as 55.25, 19.55 and 25.20%. Soil pH and EC was 7.9
and 0.89 dSm-1, respectively. The organic matter, total
nitrogen, available phosphorus and potassium were 0.69%,
0.062%, 17 mg kg-1 and 179 mg kg-1, respectively. The Bulk
density and cation exchange capacity was 1.42 g CC-1 and
4.3 cmolc kg-1.

Statistical analysis: Analyses of variance were performed
with all data to confirm variability of data and validity of
results. The differences amongst treatments were separated
using least significance difference test at 0.05 probability
level.
RESULTS AND DISCUSSION
The main as well as the interactive effect of hybrids and
different levels of NPK fertilizer on grain weight per cob
was significant (p ≤ 0.05). Maximum grain weight per cob
(142.3 g) was obtained for Pioneer 30Y87 hybrid which was
fertilized at 300:150:130 kg NPK ha-1 (Table 1). Monsanto6789 fertilized at 300:150:130 kg NPK ha-1 recorded the
grain weight per cob of 131.3 g (Table 1). Minimum grain
weight per cob (112.0 g) was recorded for Monsanto-6789
hybrid, when it was fertilized with 200:100:90 kg NPK ha-1.
Nutrient stress at lower fertilizer levels might have reduced
the resource partitioning for cob so less grain weight per cob
was produced. These results are in line with Ashfaq (2004).
Significant (P≤0.05) influence of maize hybrids and
different levels of NPK fertilizer on 1000-grain weight was
observed. Maximum 1000 grain weight (265.4 g) was
obtained in for Pioneer 30Y87 hybrid which was fertilized
at 300:150:130 kg NPK ha-1 (Table 1). It was followed by
Pioneer 30Y87 fertilized at 350:175:150 kg NPK ha-1 giving

Experimentation: The two factor experiment was laid out in
randomized complete block design under factorial
arrangement of treatments. It was comprised of three
replications with a net plot size of 6.0 m × 3.0 m. Maize
hybrids Monsanto-6789 and Pioneer-30Y87 were sown on
3rd August, 2012 by using standard procedures. Crop was
manually sown in rows with 75 cm row spacing and 25 cm
plant spacing using seed rate of 30 kg ha-1. The plant
population was maintained at 65 thousand plants per
hectare, manually. At four leaves stage, thinning was
performed to adjust the population to desired level. Urea,
Diammonium phosphate (DAP) and Potassium sulphate
(SOP) fertilizers were used for the sources of N, P and K,
respectively. Whole quantity of P and K was applied prior to
seeding as basal dose while N was applied in three splits
(1/3rd at the time of sowing, 1/3rd at five leaf stage and 1/3rd
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Table 1: Influence of different NPK fertilizer levels on the crop yield and related attributes of maize hybrids
No. of grains
1000-grain
Grain pith
Grain yield
Varieties
Grains/cob
cob-1
wt. (g)
ratio
(t ha-1)
Varieties
V1 (Monsanto- 6789)
121.7 b
531.3 b
238.7 b
2.89 b
5.60 b
V2 (Pioneer- 30Y87)
127.7 a
537.20 a
250.07 a
3.09 a
5.89 a
LSD (p≤0.05)
1.15
5.79
3.72
0.13
0.11
Fertilizer levels
F1 (200:100:90 kg ha-1)
116.0 c
462.73 d
229.40 c
2.48 d
4.63 d
123.2 b
529.17 c
245.17 b
2.78 c
5.62 c
F2 (250:125:110 kg ha-1)
F3(300:150:130 kg ha-1)
136.8 a
596.67 a
255.44 a
3.55 a
6.84 a
122.7 b
548.50 b
247.52 b
3.15 b
5.90 b
F4(350:175:150 kg ha-1)
LSD (p≤0.05)
1.62
8.18
5.25
0.18
0.15
Interaction (FxV)
F1×V1
112.0 f
474.0 f
225.3 e
2.23 e
4.58 f
F2×V1
121.0 d
523.3 e
242.3 c
2.80 d
5.47 e
F3×V1
131.3 b
587.6 b
245.4 c
2.43 ab
6.72 b
F4×V1
120.7 d
540.33d
241.6 c
3.10 c
5.63 de
F1×V2
117.0 e
551.4 g
233.4 d
2.73 d
4.68 f
F2×V2
125.3 c
535.0 d
248.0 bc
2.77 d
5.77 d
F3×V2
142.3 a
605.6 a
265.4 a
3.67 a
6.95 a
F4×V2
124.7 c
556.6 c
253.3 b
3.20 b
6.17 c
LSD (P≤0.05)
3.43
11.58
7.43
0.26 c
0.21
Any two means not sharing a letter in common differ significantly at P≤0.05
Table 2: Economic analysis of different fertilizer treatments and cultivars
Yield
Value
Straw yield
Value
Gross income
Treatment
(t ha-1)
(Rs. ha-1)
(t ha-1)
(Rs. ha-1)
(Rs.ha-1)
F1×V1
4.58
137400
11.39
14807
152207
F2×V1
5.47
164100
11.63
15119
179219
F3×V1
6.72
201600
13.25
17225
218825
F4×V1
5.63
198900
12.5
16250
215150
F1×V2
4.68
140400
11.49
14937
155337
F2×V2
5.77
173100
11.63
15119
188219
F3×V2
6.95
208500
14.02
18226
226726
F4×V2
6.17
185100
12.31
16003
201103
Price of grain yield (t ha-1) = Rs. 30,000/-; Price of straw yield (t ha-1) = Rs. 1300/-

Total cost
(Rs. ha-1)
120477
133922
148453
156372
121712
135647
149986
158758

Biological yield
(t ha-1)

Net return
(Rs.ha-1)
31730
45297
70372
58778
33625
52572
76740
42345

17.79 b
18.24 a
0.19
16.07 d
17.25 c
20.47a
18.28 b
0.27
15.97 e
17.10 d
19.97 b
18.13 c
16.17 e
17.40 d
20.97 a
18.43 c
0.39

Benefit
cost ratio
1.26
1.34
1.47
1.37
1.28
1.39
1.51
1.27

in these plots. Similar results were also recorded by
Maqsood et al. (2001) and Oktem and Oktem (2005).
Biological yield is the total biomass produced by a crop
from a unit area. The main as well as interactive effect of
hybrids and different levels of NPK fertilizer on biological
yield was significant (p ≤ 0.05). Maximum biological yield
(20.97 t ha-1) was obtained in case of Pioneer 30Y87 hybrid
which was fertilized at 300:150:130 kg NPK ha-1. It was
followed by Pioneer 30Y87 fertilized at 350:175:150 kg
NPK ha-1 giving biological yield of 19.97 t ha-1. Minimum
biological yield (15.96 t ha-1) was recorded in case of
Monsanto-6789 hybrid fertilized at 200-100-90 kg NPK ha-1
(Table 1). Higher biological yield in fertilized plots is
attributed to more plant height, number of grains per cob,
and 1000-grain weight in these plots. These results are
supported by Deksissa et al. (2008) and Ogbaji (2003).
Grain yield is the most important parameter and ultimate
mission of farmers. The main as well as interactive effect of
hybrids and different levels of NPK fertilizer on grain yield
was significant. Maximum grain yield (6.95 t ha-1) as
indicated in table 1, was obtained in case of Pioneer 30Y87
hybrid which was fertilized at 300:150:130 kg NPK ha-1. It
was followed by Pioneer 30Y87 fertilized at 350:175:150 kg

1000-grain weight of 253.3 g. Minimum 1000-grain weight
(225.3 g) was recorded in case of Monsanto-6789 hybrid,
when NPK was applied at 200:100:90 kg ha-1 (Table 1).
Decline in the availability of resources at low fertilizer
levels may have adversely affected the efficiency of plants
to convert intercepted radiation into grain sink capacity as
competition for photosynthesis, which resulted in less 1000grain weight. These results are in confirmation with
Maqsood et al. (2001).
Data regarding number of grains per cob and grain pith ratio
revealed significant influence of maize hybrids and different
levels of NPK fertilizer on this parameter (Table 1).
Maximum number of grains per cob (605.6) and grain pith
ratio (3.67) was obtained in case of Pioneer 30Y87 hybrid
which was fertilized at 300:150:130 kg NPK ha-1. It was
followed by Monsanto 6789 fertilized at 300-150-130 kg
NPK ha-1 giving number of grains per cob of 587.6. Pioneer
30Y87 fertilized at 350:175:150 kg NPK ha-1 giving grain
pith ratio of 3.20. Minimum grains per cob (474.0) and
grain pith ratio (2.23) were recorded in case of Monsanto6789 hybrid, when NPK was applied at 200:100:90 kg ha-1.
Higher number of grains per cob and rain pith ratio in
fertilized plots might be attributed to proper nutrient supply
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NPK ha-1 giving grain yield of 6.72 t ha-1. Minimum grain
yield (4.58 t ha-1) as shown in table 1 was recorded in case
of Monsanto-6789 hybrid when 200:100:90 kg NPK ha-1
was applied. Lower fertilization may be disturbed the source
and sink relationship due to stress prevailing among the
plants. Fertilized maize crop resulted in more number of
grains per cob, and higher 1000-grain weight, ultimately
higher grain yield. These results were supported by Sharar
et al. (2003).
The economic analysis of data (Table 2) depicted that the
maximum net income (Rs. 70372) was found in maize
hybrid Pioneer-30Y87 which was fertilized at 300:150:130
kg NPK ha-1, while minimum net income (Rs. 31730) was
recorded in Monsanto- 6789 when 200:100:90 kg NPK ha-1
was applied. Maize hybrid Pioneer-30Y87 gave maximum
benefit cost ratio (1.51) in the plots which were fertilized at
300: 150:130 kg NPK ha-1 while minimum value (1.26) was
found in Monsanto-6789 which was fertilized at 200:100:90
kg NPK ha-1 (Table 2).
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CONCLUSION
In crux, of the factors included in this study, maize hybrids
and NPK fertilization treatments were dominant in
determining grain yield as well as its related components,
suggesting that cultivar selection and optimum fertilization
are effective strategies to improve grain yield. Variations
were apparent in hybrids, and Pioneer 30Y87 outperformed
Monsanto-6789 regarding all studied attributes. Among
different NPK application level, 300:150:130 kg NPK ha-1
led to better performance of maize hybrids and also resulted
higher benefit cost ratio under agro-ecological condition of
Faisalabad, Pakistan. Future work may focus on
screening/breeding of highly nutrient response cultivars.
Furthermore, these results may be tested under varying soil
and climatic conditions in further studies.
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