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Abstract

Productivity and resource use efficiency are critical issues in sustainable agriculture, especially in
high-demand resource crops such as maize. The aim of this research was to compare maize hybrids
and nitrogen fertilization rates, evaluating growth, yield and yield components under varying
environments. Two year field experiments were carried out at Faisalabad, Sargodha and Sahiwal
districts of Punjab, Pakistan. Three maize hybrids were subjected to five nitrogen levels (150, 200,
250, 300 and 350 kg N ha-1). The results indicated a large yearly variability, mainly due to more
rainfall during growing season 2005 at all sites. Maize hybrids had significant effect for all the
variables under study, except for plant population. Hybrid Bemasal-202 out yielded at all sites by 23
to 35% than hybrid Monsanto-919. Nitrogen rates affected number of grains m-2, 1000-grain weight,
grain yield, total dry matter and harvest index with significant differences among nitrogen rates at all
sites. The effect of nitrogen availability was amplified at 300 kg N ha-1at all sites. The response of
hybrids was different under varying environments. It was concluded that selection of best suited
hybrid for each location can increase maize yield at 300 kg N ha-1 in semiarid irrigated conditions.

Introduction
The future prosperity and economic stability of Pakistan mainly depends upon the
quantum of material resources and their judicious exploitation and utilization especially
in agriculture. The population of Pakistan is increasing at an alarming rate of 2.6% per
annum (Anon., 2008). Therefore, there is dire need for advanced planning and research to
increase food production and improve quality in order to ensure food security of the
country.
In Pakistan, maize occupies third position after wheat and rice and Punjab is the
major producing province. It is grown on an area of 1017 thousand hectares with an
annual production of 3088 thousand tons of grains, and average yield of 3036 kg ha-1
(Anon., 2008). This yield level is low compared to the biological potential of the existing
maize hybrids.
Chemical fertilizers play an important role in maintaining and enhancing soil
productivity in intensive agriculture. Amongst the nutrients, nitrogen is mostly deficient
in cultivated soils of world while it plays a central role in plant growth as an essential
constituent of cell components. Consequently a deficiency in the supply of nitrogen has a
profound influence on grain yield. Numerous studies have shown the effects of N supply
on leaf area index (LAI), plant height, shoot weight, plant N uptake, potential kernel set
and grain yield (Muchow, 1988; McCullough et al., 1994; Waraich et al., 2007) and its
application rates vary widely from field to field (Cerrato & Blackmer, 1991; Schmitt &
Randall, 1994; Bundy & Andraski, 1995).
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Astute N management optimizes grain yield, farm profit and N use efficiency while
it minimizes the potential for leaching of N beyond the rooting zone. Efficiency of use of
applied N is variable, with a mean of only 33% of applied N recovered by cereal crops
(Raun & Johnson, 1999). Nitrogen dynamics and crop response to N also vary with soil
properties and weather (Eghball & Varvel, 1997; Sogbedji et al., 2001; Kay et al., 2006).
Weather may influence availability of organic nitrogen, extent of leaching and
denitrification, crop uptake and residual nitrogen at the end of growing season. Sogbedji
et al., (2001) found that variation in early season precipitation was the cause of yearly
variation in yield response of maize to nitrogen fertilizer. Wienhold et al., (1995) found
that increasing nitrogen application enhanced 60% yield when the growing season was
warm as compared cool weather. Derby et al., (2005) reported that cool and wet years
had poor productivity as compared to years with warm growing season.
The existing recommended dose of nitrogen 200 kg ha-1 for hybrid maize production
is low for Pakistani soils, which are under high cropping intensity, very low in organic
matter and deficient of nitrogen. High temperature in the area during maize cropping
season also adds in volatilization losses of nitrogen. These recommendations are also
much generalized. A better understanding of the factors affecting maize yield and crop
response to N fertilizer is required for efficient use of nitrogen. Keeping in view this
research was planned to provide an insight into the dynamic relations between climate
and management options to assist in the optimization of N application for maize hybrids
under different ecological zones of Pakistan.
Materials and Methods
Site and soil: A field study were conducted at Faisalabad (31.25°N, 73.04°E, 184.4m),
Sargodha (32.04°N, 72.67°E, 188m) and Sahiwal (30.40°N, 73.06°E, 172m) districts of
Punjab province during 2004 and 2005. Plains of Punjab fall in semiarid subtropical
climatic zone and had world’s largest canal irrigation system while its soils are deficient
in nitrogen. Additional information regarding site and soil are given in Table 1.
Weather: Standard weather data were recorded for each site using nearest weather
observatories set up in about one km area around the experimental sites. Each station
recorded the daily maximum and minimum air temperature (ºC), rainfall (mm) and daily
sunshine hours (h).
Soil analysis: Composite soil samples to a depth of 30 cm were obtained from the
experimental sites with soil Auger prior to sowing of crop. Soil analysis showed that all
the three sites had pH near 8.0 and were rated as deficient in the main elements like N, P
and K, etc. At Faisalabad and Sargodha soils were sandy clay loam and silty loam in
texture, respectively with well drained, moderately calcareous and alkaline characteristics,
whereas at Sahiwal the soil was silt loam in texture, moderate to strongly calcareous and
strongly alkaline in nature.
Design and treatments: The experiment was laid out in split plot design with four
replications. The net plot size was 4.2 m x 10 m. Three maize hybrids i.e., Bemasal-202,
Monsanto-919 and Pioneer 31-R-88 were planted in the main plots while 5 nitrogen
levels 150, 200, 250, 300, 350 Kg N ha-1 were randomized in sub plots.
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Location
Faisalabad
Sargodha
Sahiwal

Table 1. Characteristics of experimental sites.
Climatic zone Soil series
USDA classification
Soil pH
Coarse-silty, mixed, hyperthermic
Dry semi-arid Lyallpur
7.68
typic Calciargids
Fine-silty, mixed, hyperthermic typic
Arid
Bhalwal
7.84
Calciargids
Coarse-silty, Mixed, hyperthermic
Wet semi-arid Khurrianwala
8.09
Calcic Aquisalid
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OM (%)
1.36
1.16
0.98

Table 2. Crop husbandry operations for the experiments during growing season.
Faisalabad
Sargodha
Sahiwal
Operations
2004
2005
2004
2005
2004
2005
Sowing dates
11.08.04
03.08.05
9.08.04
08.08.05
12.08.04
05.08.05
Cultivars
Bemasal-202, Monsanto-919, Pioneer-31-R-88
Nitrogen (Urea)
Nitrogen was applied in three doses in all treatments
1st Dose
11.08.04
03.08.05
09.08.04
08.08.05
12.08.04
05.08.05
2nd Dose
26.08.04
18.08.05
24.08.04
22.08.05
27.08.04
20.08.05
3rd Dose
30.09.04
24.09.05
28.09.04
27.09.05
02.10.04
27.09.05
Harvesting date
27.11.04
16.11.05
02.12.04
26.11.05
05.12.04
29.11.05

Crop husbandry: The seeds were planted during the month of August on 70 cm spaced
ridges and a plant spacing of 20 cm, using a seeding rate of 25 kg ha-1. Phosphorus and
potassium were applied @100 kg ha-1 in all plots at time of planting as TSP and SOP,
respectively. These fertilizers were broadcast and incorporated at the time of seedbed
preparation. Nitrogen fertilizer i.e., Urea was applied in three equal splits. 1/3rd dose of
each treatment was applied at time of planting. After 15 days of planting 2nd dose of
nitrogen was applied to the crop, while third part of each treatment was applied at the
time of tasseling (Table 2). At all sites crop was irrigated with canal water. First irrigation
was applied just after planting the seeds and subsequent irrigations were applied on
weekly bases up to flowering. Irrigation interval was enhanced to 15 days after flowering.
All other cultural practices such as thinning, hoeing and plant protection measures were
kept normal for the crop at all sites.
Sampling strategy: After 15 days of planting sampling was started. One meter long row
from each plot was harvested at ground level after 10 days interval leaving appropriate
borders. Plants were separated into components and fresh weight for each fraction (leaf,
stem, tassel and cob) was determined. A sub-sample (10 g) of each fraction was taken and
dried in an oven to a constant weight. Leaf area was recorded by taking 10g fresh leaves
from harvested material at each 10 day interval. An area meter (Licor model 3100) was
used for measurement. From these measurements of leaf area and dry weights, leaf area
index and total dry matter (TDM; g m-2) were calculated at each harvest. At final harvest
two central rows with a length of 10 m for each plot were harvested. A sub-sample of 10
plants was taken to determine the yield components. All cobs including sub sample were
thrashed mechanically to estimate grain yield (GY) of entire plot and converted into t ha-1.
To determine grain moisture, the sub sample of 250 g was weighed, dried and again
weighed. Final yield was corrected to 0% moisture. Data collected on growth, yield and
yield components were analyzed statistically and significance of treatment means was
tested using least significant difference test at 5% probability level. Pooled analysis was
carried out within location across years/seasons (Gomes & Gomes, 1984).
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Fig. 1. Average monthly maximum and minimum air temperature, solar radiation and total monthly
rainfall at the experimental sites.

Results and Discussion
A summary of weather data for 2004 and 2005 is presented in Fig. 1. During both
growing seasons Sahiwal was relatively hotter than Sargodha and Faisalabad with a mean
temperature of 1-2oC. Sargodha was slightly warmer than Faisalabad by 0.5-1oC.
However, the temporal variation of the average temperature was similar for all three sites:
the temperature was higher from August to October and then decreased towards maturity
of the crop. Precipitation occurred during the monsoon from July to September and
varied for all three sites during growing seasons: in 2004, rainfall for Faisalabad was
lower e.g., 133.5 mm for Sargodha, e.g., 148 mm and Sahiwal, e.g., 182 mm.
Comparable rainfall for Faisalabad was 159 mm, for Sargodha 219 mm and Sahiwal, 242
mm in 2005. Radiation levels were generally close to the long term means during both
the seasons.
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Leaf area index: LAI values steadily increased till 55 DAS at all the locations, thereafter
LAI declined in all the treatments and reached its minimum values less than 2.5 by 105
DAS (Figs. 2 and 3). Such reduction in LAI was more pronounced at lower N levels (150
and 200 Kg ha-1) than high N levels due to early senescence of leaves in former than the
latter.
The season had significant effects on maximum LAI at all the locations, throughout
the growth. Crop had greater LAI in 2005 as compared to 2004 and maximum values
reached at 4.74, 4.66 and 4.60 at Faisalabad, Sargodha and Sahiwal, respectively.
Equivalent LAI values were 4.70, 4.71 and 4.29, respectively (Figs. 2 and 3).
Cultivar differences in maximum LAI development were non-significant at Sargodha
but were found significant at Faisalabad and Sahiwal. Averaged over locations the
maximum LAI value (4.67) was registered from hybrid Pioneer-31-R-88 that was
statistically at par with hybrid Bemasal-202 that had LAI 4.59. The minimum LAI (4.58)
was recorded in case of Monsanto-919.
Maximum LAI was significantly affected by nitrogen levels at all sites. The trend
was also similar at all sites (Figs. 2 & 3). Averaged over locations, peak LAI reached to a
value 5.09 at 55 DAS in the N4 (300 kg N ha-1) treatments that was at par with N5 (350 kg
N ha-1) treatments at all locations that gain maximum LAI (5.02). N3 (250 kg N ha-1)
treatment had maximum LAI (4.73) that was statistically greater than N2 (200 kg N ha-1)
the standard treatment producing maximum LAI (4.32). Statistically minimum value for
peak LAI (3.93) was recorded in N1 (150 kg N ha). Greater LAI could be attributed to
significant increases in leaf expansion i.e., length and breadth due to high N levels.
Greater leaf expansion in maize was ascribed to higher rate of cell division and cell
enlargement by Wright (1982). Similar effects of N on maize LAI has been reported by
D’Andrea et al., (2006). Generally LAI increased up to 55 DAS when tasseling was
started thereafter, LAI declined until final harvest (Figs. 2 and 3).
Overall, mean values of maximum LAI were 4.72, 4.69 and 4.46 at Faisalabad,
Sargodha and Sahiwal, respectively. Higher LAI at Faisalabad was due to lower mean
temperature and more rainfall as compared to other sites, during vegetative growth period
(August and September) especially in 2005 (Fig. 1).
Seasonal dry matter accumulation: Total dry matter (TDM) production increased steadily
after crop establishment until maturity in all the treatments (Figs. 4 & 5). Year effect on
TDM accumulation of maize was significant. The crop accumulated more TDM during
2005 than 2004 (Table 4). Cultivars significantly affected TDM at all sites (Fig. 4). Hybrid
Bemasal-202 and Pioneer 31-R-88 accumulated statistically non significant TDM through
out the season, while hybrid Monsanto-919 accumulated statistically lesser TDM than other
hybrids. Averaged over locations, maximum TDM was 1798 g m-2 accumulated by
Bemasal-202 followed by Pioneer-31-R-88 that produced TDM 1758 g m-2 as compared to
1682 g m-2 by Monsanto-919 at final harvest (105 DAS).
Generally TDM production responded positively to N application. Figure 5 showed
that averaged over locations, maximum TDM accumulated to a value 1891 g m-2 at 105
DAS in the N4 (300 kg N ha-1) treatment that was at par with N5 (350 kg N ha-1) treatment at
all locations that accumulated maximum TDM (1868 g m-2). N3 (250 kg N ha-1) treatment
produced maximum TDM (1784 g m-2) that was statistically greater than N2 (200 kg N ha-1)
the standard treatment producing maximum TDM (1665 g m-2). Statistically minimum
value for final TDM (1524 g m-2) was recorded in N1 (150 kg N ha-1). The increase in TDM
with higher level of nitrogen was due to better crop growth, which gave maximum plant
height, LAI and ultimately produced more biological yield.
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Fig. 2. Change in two years pooled leaf area index of different hybrids with time at (a) Faisalabad (b) Sargodha
and (c) Sahiwal Bars represent LSD at 5%.

Overall, mean values of final TDM were 1761, 1797 and 1681 g m-2 at Faisalabad,
Sargodha and Sahiwal, respectively. High values of TDM at Faisalabad and Sargodha
were due to optimum climatic conditions i.e. lower mean temperature and more rainfall
as compared to Sahiwal during vegetative growth period. Sahiwal faced high temperature
during this period which was the reason of higher evapotranspiration losses and
ultimately poor growth. Moreover, soil salinity (Table 1) stunted the crop growth at
Sahiwal.

Leaf area index

Leaf area index

Leaf area index
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Fig. 3. Change in two years pooled leaf area index in response of N rates with time at (a)
Faisalabad (b) Sargodha and (c) Sahiwal Bars represent LSD at 5%.

Components of yield
Plant population m-2 at harvest: Seasonal effect on plant population m-2 at harvest was
non significant at all locations and it was 6.93 and 6.90 plants m-2 during 2004 and 2005,
respectively (Table 3). Hybrid differences in plant population m-2 were non-significant.
Averaged from the three locations, mean plant population m-2 was 6.92 in all hybrids.
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Fig. 4. Change in two years pooled TDM accumulation of different hybrids with time at (a)
Faisalabad (b) Sargodha and (c) Sahiwal Bars represent LSD at 5%.

Increasing levels of nitrogen also did not affect significantly plant population m-2 at
the final harvest. Averaged over sites, mean values ranged from 6.91 to 6.92 plants m-2 in
all treatments with grand mean value of 6.90 m-2 at Sargodha and 6.93 m-2 at Faisalabad
and Sahiwal. Similar plant densities among treatments were possibly because of gap
filling after germination and less mortality rate.
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Number of grains m-2: Grain numbers per unit area is usually the most critical determinant
of maize grain yield (Ritchie et al., 1998). Number of grains cob-1 is the main contributing
parameter for grain yield. It is evident from Table 3 that year effect on number of grains m-2
was highly significant at all locations, with a similar trend. The mean number of grains m-2
was 16% higher (3225.46 vs 2779.26) in 2005 as compared to 2004 at different locations.
Lesser number of grains could be due to larger grains during 2004.
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Differences of hybrids for number of grains m-2 were significant at Faisalabad and
Sahiwal while found non significant at Sargodha. The average higher number of grains
m-2 was produced by hybrid Pioneer-31-R-88 (3051) followed by Bemasal-202 that
produced 3037 grains m-2. Minimum number of grains m-2 (2920) was recorded in case of
Monsanto-919.
Fertilizer levels response was highly significant at all locations and was quadratic at
Faisalabad and Sahiwal while it was linear at Sargodha (Table 3). Averaged over
locations the maximum number of grains m-2 (3239) was produced in N4 treatment (300
kg N ha-1) which was at par with N5 (350 kg N ha-1) treatment that produced 3183 grains
m-2. N3 (250 kg N ha-1) treatment produced 3066 grains m-2 that was statistically
significant than standard treatment N2 (200 kg N ha-1) that produced 2868 grains m-2.
Statistically minimum number of grains m-2 (2658) was produced in plots that were
fertilized with 150 kg N ha-1 (N1). These results substantiate the findings of Rasheed et
al., (2004) who concluded that increasing level of nitrogen enhanced the number of
grains per unit area. Interactive effects of cultivar and fertilizer levels were found non
significant at all locations.
Overall, mean values of number of grains m-2 were 3269, 3016 and 2722 at
Faisalabad, Sargodha and Sahiwal, respectively (Table 3).
1000 grain weight: Mean grain weight is an important yield contributing factor, which
plays a decisive role in presenting the potential of a variety. Significant differences were
observed between two years at all three sites (Table 3). Over all at three sites, crop
produced 18 % heavier grains (319.2 vs 271.0 g) during 2004 as compared to 2005. More
number of grains during 2005 might be the reason of lesser grain weight.
Data regarding thousand grain weights revealed that it was significantly affected by
different cultivars at all locations with similar trend. Overall heavier grains were recorded
from hybrid Bemasal-202 (313.99 g) followed by Pioneer 31-R-88 that produced 307.9 g,
while lighter grains were noted in case of Monsanto-919 (263.5 g). It might be due to
genetic potential of hybrids as Sangoi et al., (2001) reported that modern day hybrids like
Ag- 9012 is more productive than the older hybrids. These results were also in agreement
with Younas et al., (2002) who also reported that 395.2 g per 1000 grain weight was
recorded from Ghauri followed by hybrid 3043 having 1000 grain weight 349.3g.
Fertilizer levels response was linear at Faisalabad and Sahiwal while cubic at
Sargodha. Averaged over locations, the maximum 1000 grain weight (319.3 g) was
produced in N4 treatment (300 kg N ha-1) which was at par with treatments N5 (350 kg N
ha-1) that produced 1000 grain weight (313.5 g). N3 (250 kg N ha-1) treatment produced
300.7 g that was significantly higher than standard rate N2 (200 kg N ha-1) which
produced 279.0 g. The minimum 1000 grain weight (263.2) was registered in plots that
were fertilized with 150 kg N ha-1 (N1). The results suggested that adequate N supply had
enhanced the source efficiency (more dry matter accumulation per unit area/ time) as well
as sink capacity (kernel weight). The interactive effect between cultivars and nitrogen
levels was found to be non significant.
Overall, mean grain weight was lower (286 g) at Faisalabad than at Sargodha (308 g)
and Sahiwal (291 g). Grain weights of different treatments were linearly related to grain
yield at all location and the regression accounted for 94, 98, 96 and 87 % at Faisalabad,
Sargodha, Sahiwal and pooled for all locations, respectively (Fig. 6).
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Fig. 6. Relationship between two years pooled grain yield and 1000- grain weight at (a) Faisalabad
(b) Sargodha (c) Sahiwal and (d) pooled for all locations.

Grain yield: Year effects on grain yield of maize were highly significant at Sargodha and
Sahiwal sites while it was non significant at Faisalabad site (Table 4). Grain yield was
recorded 10 % (7.20 vs 7.92 t ha-1) and 14 % (6.52 vs 7.45 t ha-1) more at Sargodha and
Sahiwal sites, respectively in 2005 as compared to 2004. It was mainly attributed to more
number of grains during 2005 at these experimental sites. Differences in yield between
years might be ascribed to different daily variations in maximum and minimum
temperatures resulting in different daily leaf temperature across the year, more total
rainfall during 2005 than 2004, different patterns of rainfall and relative humidity over
the two years and other temporal variations in the environment. Such environmental
variations across the year also resulted in better growth and development of maize in
2005 than 2004 which is evident from the results discussed earlier. D’Andrea et al.,
(2008) also reported year difference (8.97 vs 7.11 t ha-1) in maize yield in 2000 and 2001.
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Hybrid differences in grain yield were significant at all locations with similar trend.
Average maximum grain yield (7.91 t ha-1) was recorded in case of Bemasal-202
followed by Pioneer-31-R-88 producing (7.75 t ha-1) that were statistically at par with
each other. The minimum grain yield (6.98 t ha-1) was produced by Monsanto-919. These
findings are in line with the work of Younas et al., (2002) who compared maize hybrids
and concluded that C-919 out yielded all other hybrids by producing 9.92 t ha-1 as against
the lowest yield 6.85 t ha-1 produced by the hybrid 3043.
Data in Table 4 showed that different nitrogen levels markedly increased grain yield
over standard (200 kg N ha-1) treatment. At all locations response of nitrogen was
quadratic in nature. The plots fertilized with 150 kg N ha-1 (below standard treatment)
produced significantly less mean grain yield (5.96 t ha-1) than plots fertilized at higher
levels. The maximum grain yield (8.17 t ha-1) was recorded in plot fertilized with 300 kg
N ha-1which was statistically at par with yield (8.03 t ha-1) at N5 (350 kg N ha-1)
treatment. N3 (250 kg N ha-1) treatment gave grain yield 6.74 t ha-1 while standard
treatment N2 (200 kg N ha-1) produced considerably lower yield (5.96 t ha-1) than higher
levels of nitrogen. Nitrogen stress in plots fertilized at lesser levels of nitrogen could be
the cause of lesser LAI or LAD integral of LAI, which leads to lower radiation
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interception, growth rate, RUE and therefore kernel number and grain yield (Girardin et
al., 1987; Muchow, 1988; Sinclair & Horie, 1989; Uhart & Andrade, 1995; Maqsood &
Azam-Ali, 2007; Ahmad et al., 2007). These results substantiate the findings of other
workers who also noted similar effects of nitrogen levels on yield in maize (Luschinger et
al., 1999; Kogbe & Adediran, 2003). O, Neil et al., (2004) also reported a greater yield
response for corn with increasing N application under adequate soil water conditions.
Combined effect of hybrid and nitrogen level was non-significant in both years.
Overall, mean grain yield was lower (7.27 t ha-1) at Faisalabad than at Sargodha
(8.23 t ha-1) and Sahiwal (8.49 t ha-1). These differences in grain yield were mainly due to
differences in interception of photosynthetically active radiation (PAR) especially during
grain filling stage (Maqsood & Azam-Ali, 2007). Grain yield of different treatments was
linearly related to TDM at all location and the regression accounted for 84, 87, 88 and
85% at Faisalabad, Sargodha, Sahiwal and pooled for all locations, respectively (Fig. 7).
Total dry matter: Data (Table 4) showed that seasonal effect on total dry matter (TDM)
was significant at Sargodha and Sahiwal, while at Faisalabad differences in TDM were
non significant. Averaged over locations, crop produced 7% more TDM (18.02 vs 16.91 t
ha-1) during 2005 as compared to 2004.
Total dry matter production, at final harvest, was significantly affected by hybrids at
all locations in similar trend. Averaged over locations maximum TDM was accumulated
by Bemasal-202 (17.98 t ha-1) that was statistically at par with Pioneer-31-R-88 that
produced total dry matter17.58 t ha-1. Minimum TDM accumulation was recorded in
hybrid Monsanto-919 (Table 4).
The response of TDM production to increasing levels of nitrogen was highly
significant at all locations. Quadratic response of nitrogen to TDM was observed at all
three locations. Averaged over locations the maximum TDM (18.91 t ha-1) was produced
by N4 (300 kg N ha-1) treatment which was statistically at par with N5 (350 kg N ha-1)
treatment, which gave TDM of 18.68 t ha-1 followed by treatment N3 (250 kg N ha-1)
producing 17.84 t ha-1. Standard nitrogen level N2 (200 kg N ha-1) produced lesser yield
of TDM (16.65 t ha-1) than high levels N3, N4 and N5, respectively while minimum TDM
was recorded in treatment N1 (100 kg N ha-1) that was 15.24 t ha-1. The increase in TDM
with higher level of nitrogen was due to better crop growth, which gave maximum plant
height, LAI and ultimately produced more biological yield. Similar results were found by
Ahmad et al., (2007) who reported that nitrogen fertilizer application increased yield and
yield components, both for maize and wheat crops. Corn biomass increased with applied
N in a quadratic manner was also reported by Shapiro et al., (2006). Total dry matter
production in maize was also directly proportional to radiation interception as reported by
Kiniry et al., (1989). The interactive effect between cultivars and nitrogen levels were
found to be statistically non significant. These observations are fully supported by Khan
et al., (1999) and Sharar et al., (2003). Overall, mean TDM accumulation at harvest was
lower (17 t ha-1) at Sahiwal than Faisalabad and Sargodha (18 t ha-1).
Harvest index: Harvest index shows the physiological efficiency of plants to convert the
fraction of photoassimilates to grain yield. Table 4 showed that year effect on harvest
index (HI) of maize was non significant at all locations. However crop had an average HI
41.20, 41.76 % in 2004 and 2005, respectively.
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Table 5. Correlation between grain yield and yield components of maize.
Correlation co-efficient (r)
Character
Faisalabad
Sargodha
Sahiwal
Pooled (n=24)
Number of grains m-2
0.71*
0.80**
0.93**
0.63**
**
**
**
1000 grain weight
0.97
0.99
0.98
0.93**
**
**
**
Total dry matter
0.92
0.93
0.94
0.92**
**
**
*
Harvest index
0.94
0.92
0.70
0.89**
Hybrid differences in harvest index (HI) were significant at all locations (Table 4).
Averaged over locations the hybrid Pioneer-31-R-88 had higher harvest index (43.94 %),
which was statistically at par with Bemasal-202 giving HI (43.94 %). Monsanto-919 gave
statistically less harvest index 39.37%. Substantially high HI for Pioneer-31-R-88 and
Bemasal-202 might be attributed to its genotypic superiority to utilize more
photoassimilates for grain yield formation.
Application of nitrogen fertilizer at different levels showed highly significant effect on
harvest index at all locations. These effects were linear at Faisalabad and Sargodha while
quadratic in nature at Sahiwal. Averaged over locations N4 treatment (300 kg N ha-1) gave
maximum HI (43.17%) which is at par with treatment N5 (350 kg N ha-1) giving 42.71%
and N3 (250 kg N ha-1) that gave 41.66%. Standard treatment N2 (200 kg N ha-1) gave
40.44% that is significantly lower than N3, N4 and N5. Statistically less harvest index was
recorded in treatment N1 (150 kg N ha-1) that was 39.12%. Results suggested that an
optimum supply of nitrogen is essential for optimizing partitioning of dry matter between
grain and other parts of maize plant. Higher the efficiency of converting dry matter into
economic yield, higher will be the value of harvest index (%). Many workers (Bangarwa et
al., 1988; Sabir et al., 2000) also reported similar results. Overall, mean HI was 41.19%,
41.89% and 41.36% at Faisalabad, Sargodha and Sahiwal, respectively.
Correlation between grain yield and components of yield: Simple linear correlation
analysis between grain yield and different components of yield is presented in Table 5.
The data showed a highly positive correlation between grain yield and different
components of yield such as number of grains m-2 and 1000-grain weight. A highly
significant association of grain yield with TDM and HI was also shown.
Conclusion
Growth and yield responses of different maize hybrids were evaluated at multiple
locations representing the range of different environments and soil characteristics. The
results presented here exposed that there was, in general significant variability in
response of maize crop to increasing nitrogen rates among locations. However yield
increase up to 300 kg N ha-1 following that differences were non significant. Optimum
temperature and rainfall were helpful in increasing growth rate, uptake of nitrogen and
ultimate increase in grain yield.
Selection of suitable hybrid for each location is also helpful in sustaining crop yield.
The results of this study confirmed that hybrid Bemasal-202 outperformed under
semiarid conditions of Punjab. Yield differences among treatments were attributed to the
number of grains m-2 and grain weight. It was further observed that year with high
temperature (>30°C) and lesser rainfall had significantly lowered the growth and yield of
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maize under semiarid irrigated condition. This type of research can be used to modify
existing fertilizer recommendations methods by including fertility status of soil, proper
irrigation scheduling and mid season adjustments based on current climatic conditions to
increase the nitrogen use efficiency, minimize costs and sustain yields.
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