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Field experiments were conducted to evaluate plant population and N-fertilizer effects on yield and yield components of maize
(Zea mays L.). Three levels of plant populations (53000, 66000, and 800000 plants ha−1 corresponding to spacings of 75 × 25, 60
× 25, and 50 × 25 cm) and 4 doses of N (100, 140, 180, and 220 kg ha−1) were the treatment variables. Results revealed that plant
growth, light interception (LI), yield attributes, and grain yield varied significantly due to the variations in population density and
N-rates. Crop growth rate (CGR) was the highest with the population of 80,000 ha−1 receiving 220 kgNha−1, while relative growth
rate (RGR) showed an opposite trend of CGR. Light absorption was maximum when most of densely populated plant received the
highest amount of N (220 kgNha−1). Response of soil-plant-analysis development (SPAD) value as well as N-content to N-rates
was found significant. Plant height was the maximum at the lowest plant density with the highest amount of N. Plants that received
180 kgNha−1 with 80,000 plants ha−1 had larger foliage, greater SPAD value, and higher amount of grains cob−1 that contributed to
the maximum yield (5.03 t ha−1) and the maximum harvest index (HI) compared to the plants in other treatments.

1. Introduction

Maize (Zea mays L.) is the third most important grain crop
in the world after wheat and rice [1] and has a great utility
in agroindustry. It is also of interest to report that calorie
yield inmaize is two and halftimes higher than that in paddy-
rice [2]. In Bangladesh, the cultivation of maize has been
gaining popularity in recent years. It is now becoming an
important cereal crop for its high productivity and diversified
use.The agroclimatic condition of Bangladesh is favorable for
its cultivation all year round. However, the average yield of
local maize in the country is comparatively low (1.06 t ha−1),
whereas the newly released varieties have the potential to
produce more than 5.2 t ha−1 [3, 4]. Agronomic practices
such as seed rate, plant population and fertilizermanagement
are known to affect crop environment, which influence the
growth and ultimately the yield [5]. Optimum population

nitrogen (N) levels should be maintained to exploit max-
imum natural resources, such as nutrients, sunlight, and
soil moisture, to ensure satisfactory growth and yield. High
density is undesirable because it encourages inter plants
competition for resources.

N has been found to be the most important nutrient for
maize production [6]. Biomass production of a crop largely
depends on the function of leaf area development and conse-
quential photosynthetic activity [7]. Photosynthetic rate can
substantially be increased with N-fertilization. Application
of N-fertilizer has also been reported to have significant
effect on grain yield and quality of maize [8]. Hardas
and Karagianne-Hrestou [9] reported that 180 kgNha−1 was
optimum for maize, while Singh et al. [10] observed that
application of 200 kgNha−1 increased grain yield of maize.
However, a substantial percentage of applied N is also lost
due to volatilization, leaching, and denitrification.Therefore,
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N should be applied in such a way that would maximize
its utilization for grain production. There are some reports
on N-management [6] and the optimization of population
density per unit area [11] for the maximum harvest of maize.
However, the relationship between maize forage yield and
plant density is not well established. Maize producers require
more information on how N-fertilization and plant density
practices affect dry-matter yield and quality.

Keeping the above information in view, the present study
was conducted to (1) determine the growth and growth
efficiency of maize at different levels of N-fertilizer and plant
population and (2) determine the optimumN-fertilizer appli-
cation and plant population density for the maize growing
farmers. We examined the plant height, light interception
(LI), leaf area index (LAI), total dry-matter (TDM), grain
yield (GY), and harvest index (HI) of maize plants in treated
soils. In addition, soil-plant-analysis development (SPAD)
values, dry-mass (DM), and harvest index (HI) of maize
plants were also evaluated. We believe that this work would
therefore aid in the development of production systems (seed
rate, fertilizing) and the profitability of the crop inBangladesh
as well as maize growing countries in the world.

2. Materials and Methods

2.1. Experimental Site and Land Preparation. Field experi-
ments were conducted during the rabi season (November–
February) in the experimental field of the BSMRAgricultural
University at Gazipur in Bangladesh.The experimental site is
geographically situated at 23∘N latitude and 91∘E longitudes
with an elevation of 6m from sea level at the eastern part
of Bangladesh. The soil of the experimental plot before
application of farm yard manure and nitrogen was silty clay
loam having pH 6.5, organic C content was moderate, 1.13%,
total N (%) 0.08, available P (Olsen) 9 ppm, exchangeable K
(meq 100 g−1 soil) 0.20, exchangeable Ca (meq 100 g−1 soil)
4.5, available S 14 ppm, Zn 10 ppm, and Fe was 370 ppm. The
experimental field was cleared, and weeds were manually
removed. The soil was ploughed and harrowed with power-
tiller, leveled carefully to get a well-pulverized soil, and
divided into plots. Each plot was surrounded by 20 to 25 cm
high mud plastered levee to prevent the entering of irrigation
water. Recommended practices for disease and insect control
were followed.

2.2. Experimental Design and Fertilization of Crop. Field plots
(2 × 4m) were arranged in a split-plot factorial fitted to
randomized complete block design (RCBD) with 3 replicates.
Adjacent blocks were separated by a 2m alley, andmain plots
were separated by a 1m alley. Experimental treatments were
repeated on the same 2 × 4m plot area each year. The main-
plot treatments were 3 plant populations (53000, 66000, and
80000 plants ha−1) and 4 rates of N (0, 100, 140, 180 and
220 kgNha−1) as subplots. The treatment combinations for
the experiment were shown in Table 1. Clean and healthy
matured maize seeds (germination rate > 95%) were sown
at the spacing of 75, 60, and 50 cm between rows and 25 cm
within rows to give population density of 53,000, 66,000

Table 1: The treatment combinations used in this study.

Treatment
combination Plants ha−1 Plant spacing

(cm) KgNha−1

D1N1 53,000 75 × 25 100
D1N2 53,000 75 × 25 140
D1N3 53,000 75 × 25 180
D1N4 53,000 75 × 25 220
D2N1 66,000 60 × 25 100
D2N2 66,000 60 × 25 140
D2N3 66,000 60 × 25 180
D2N4 66,000 60 × 25 220
D3N1 80,000 50 × 25 100
D3N2 80,000 50 × 25 140
D3N3 80,000 50 × 25 180
D3N4 80,000 50 × 25 220

and 80,000 plants ha−1. The variety of maize used for the
experiment was Z. mays cv. “Mohor”. We chose “Mohor”
because it is one of the popularmaize varieties in Bangladesh.

The well-decomposed farmyard manure (FYM—a com-
bination of animal manure, animal urine, and plant materials
used for animal bedding and waste straw feed) at 10 t ha−1
was applied during the final land preparation. The land
was fertilized (by hand) with 110 kg triple super phosphate
(TSP), 50 kg muriate of potash (MP), 120 kg gypsumha−1,
respectively [12]. One third of the urea and the whole amount
of TSP, MP and gypsum were applied at the time of final land
preparation (i.e., 2 w prior to sowing), while the remaining
urea was spitted equally and top-dressed at 28 and 53 days
after sowing (DAS). Weeds were manually controlled and
irrigation was done as and when necessary. Recommended
practices for disease and insect control were followed as and
when necessary.

2.3. Measurement of Plant Height. The height of five ran-
domly selected plants was measured from the base of the
plant to the tip of the tallest leaf. The height of each plant was
recorded in cm, and the mean values of 5 plants for each plot
were determined.

2.4. Determination of Leaf Area Index (LAI) and Light Inter-
ception (LI). Leaf area index (LAI) was determined at 15-
day intervals (35, 50, 65, and 80 DAS) by an automatic leaf
area meter (Model AMM-8, Hayashi Denko Co. Ltd., Tokyo,
Japan) using the following formula: LAI = total leaf area of a
plant (m2)/ground area covered by a plant (m2), described by
Pierce and Running [13].

Light interception (LI) by the crop community was
recorded at five times, for example, 35, 50, 65, 80, and 95
DAS of maize by Sunfleck Ceptometer (Model Decagon,
Pulman, Washington, USA) using the following formula:
light transmission ratio (LTR) = (𝐼/𝐼

0

) × 100, where (𝐼
0

) is
photosynthetically active radiation (PAR) received on the top
of the canopy and 𝐼 is PAR at different depth of the canopy.
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2.5. Measurement of Crop Growth Rate (CGR) and Relative
Growth Rate (RGR). Crop growth rate (CGR) is in the
increase in plant dry materials per unit area of land per
unit time. CGR values were estimated at 15-day interval as
described byHunt [14].The following formulawas used: CGR
(g2m−2 day−1) = (𝑊

2

− 𝑊
1

)/(𝑇
2

− 𝑇
1

), where𝑊
1

is total dry
weight at time 𝑇

1

and𝑊
2

is the total dry weight at time 𝑇
2

.
Relative growth rate (RGR) is in the increase in plant

materials per unit ofmaterials present per unit time. RGRwas
determined using the following formula proposed by Hunt
[14]: RGR (g g−1 day−1) = (ln𝑊

1

− ln𝑊
2

)/(𝑇
1

−𝑇
2

), where𝑊
1

is total dry weight at time 𝑇
1

,𝑊
2

is total dry weight at time
𝑇
2

, and ln is natural logarithm.

2.6. Determination of Soil-Plant-Analysis Development
(SPAD) Value. Leaf chlorophyll content may be used as an
indirect indicator of crop N status. Chlorophyll meter values
(SPAD) were taken using a portable SPAD meter (Model
SPAD-502, Minolta crop, Ramsey, NJ) starting from 60 DAS
with 15-day interval. The instrument measures transmission
of red light at 650 nm, at which chlorophyll absorbs light,
and transmission of infrared light at 940 nm, at which no
absorption occurs. On the basis of these two transmission
values, the instrument calculates a SPAD value that is well
correlated with chlorophyll content [15].

2.7. Measurement of Grain Yield, Dry Matter and Harvest
Index. After the final harvest, the cobs from each plot were
separated, cleaned, dried, and weighed separately. Grain yield
of each plot was recorded kg ha−1 individually and adjusted at
14% moisture content. Dry-mass (DM) of roots and shoots
was determined after drying the samples at 72∘C until the
constant weight was attained.

The harvest index (HI) was computed as the ratio of grain
yield (GY) to the total above ground DM yield.The following
formulawas used: HI (%) = (grain yield/total biological yield)
× 100.

2.8. Chemical Analysis of Leaf. Leaves were collected and
carried out in the laboratory of the Department of Soil
Science, BSMRAU, Salna, Gazipur. Leaf N-content is an
important physiological parameter that indicates the plant
N status [16]. The total nitrogen concentration in maize
leaves was determined by modified the Kjeldahl digestion
colorimetric method as described by Cataldo et al. [17].

2.9. Statistical Analysis. All data collected were analyzed
using analysis of variance (ANOVA) followed by protected
Fisher’s least-significant difference (LSD) test. The means
were separated by the LSD at the 𝑃 = 0.05 level of
probability [18]. All the experiments were performed twice,
and replicates (3) were averaged.

3. Results and Discussion

3.1. Plant Height. Figure 1 shows the plant height in response
to different N levels and plant population over time. Plant
height increased progressively over time attaining the highest
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at physiological maturity. The rate of increase, however, var-
ied depending on the growth stages. A significant variation
in plant height was observed due to planting density and N-
rates except at 35 DAS.The influence of both planting density
and N-rates was first apparent at 55 DAS, and the differ-
ence among them persisted throughout the growing period.
Sparsely populated plants (53,000 ha−1) with 220 kgNha−1
were the tallest and were statistically at par with that received
180 kgNha−1.

This might be due to receiving sufficient amount of light
and nutrients. On the contrary, densely populated plants with
lower N-rates were shorter at all the growth stages. Our study
supports the work of Pandey et al. [19] who observed that
plant height of maize increased greatly when the seeds were
planted sparsely and sufficient amount of N was applied.

3.2. Leaf Area Index (LAI). LAI of maize with different
levels of N-fertilizer and planting density showed sub-
stantial differences over the growth stages (Figure 2). LAI
increased sharply reaching peak at 65 DAS and then
decreased irrespective of treatment differences. The rate of
decrease of LAI after attaining peak was more rapid. LAI
decreased at 65 DAS reflecting the loss of some existing
leaves through senescence. Among the planting densities,
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Figure 2: Leaf area index at different growth stages of maize
as affected by planting density and N-fertilizer application (D
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53,000 plants ha−1 showed higher LAI throughout the grow-
ing period; however, maximum LAI was obtained from
220 kgNha−1 with 53,000 plants ha−1 irrespective of growth
stages. The increased LAI might be due to the increased
availability of N under the higher levels of N-fertilizer with
lower population, which resulted in larger leaves. From this
result, it is evident that increasing population density tended
to depress LAI irrespective of N-levels. Reduction of LAI
might be due to an interplant competition (for nutrient and
space) within the community. Similar trend in reduction of
LAI was also reported in maize and forage maize by Gardner
et al. [20] and Okpara and Omaliko [21].

3.3. Light Interception (LI). Planting density and N-fertilizer
application differed substantially in LI. LI varied from 58
to 80% at 35 DAS and increased maximum at 65 DAS
and thereafter it declined (Figure 3). Combination of D

3
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penetration to the upper of the canopy, which resulted better
LI and the lowest LI was found in D
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because of larger leaf surface availability for photosynthe-
sis as evident by higher leaf dry-weight. Pepper [22] and
Amanullah et al. [23] also reported that increased plant
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densities can promote utilization of solar radiation by maize
canopies. On the contrary, it is reported that increased maize
population/unit area decreased the availability of light into
the maize canopy. This indicates that population is the main
factor influencing the net radiation absorbed by the plants.
Higher penetration of radiation below the canopy indicates
lower interception of solar radiation at the canopy. The
maximum light was intercepted at 65 DAS corresponded
to higher LAI. The more the LAI, the greater the light
interception. The LI was less at pretasseling and grain filling
stages, whichmight be due to lower LAI in these stages of crop
growth.However, efficiency of conversion of intercepted solar
radiation into economic maize yields may decrease with high
plant population density because of mutual shading of plants
[24].

3.4. Crop Growth Rate (CGR). Regardless of treatments,
CGR increased progressively time reaching peak during 50
to 65 DAS and thereafter declined till maturity (Figure 4).
Reduction in growth rate with plant age was probably due to
cessation of vegetative growth, loss of leaves, and senescence.
Similar reduction in the maize and in the late season of
forage maize was also reported by Padmaja [25] and Okpara
and Omaliko [21]. Treatment variation during the later
growth periods was not significant though the differences



The Scientific World Journal 5

0

10

20

30

40

50

60

70

Days after sowing

Cr
op

 g
ro

w
th

 ra
te

 (g
/m

)

D1N1

D1N3

D2N3

D3N3

D1N4

D2N4

D3N4

D1N2

D2N2

D3N2

D2N1

D3N1

35–50 50–65 65–80 80–95

Figure 4: Crop growth rate of maize as affected by N-fertilizer and
planting density at different growth stages (D

1

= 53,000 plant/ha,
D
2

= 66,000 plant/ha, D
3

= 80,000 plant/ha, N
1

= 100 kgN/ha, N
2

= 140 kg/ha, N
3

= 180 kgN/ha, N
4

= 220 kgN/ha. Bar showed ± SE
value).

were apparent in the initial 35 to 50 DAS up to 55 to 60
DAS. Among the N-levels, 220 kgNha−1 showed maximum
CGR throughout growth period followed by 180 kgNha−1.
The highest CGR was associated with the combination of
D
3

N
4

followed by D
3

N
3

, while the lowest CGR was in the
plants at D

1

N
1

treatment. In general, increase in planting
density increased CGR in all the N-levels; CGR response to
population density and N-rates followed a linear relationship
suggesting that 97 and 99% of total variation in CGR could
be accounted for by the linear function of N and population
density, respectively (Figure 5). Therefore, the functional
relationship suggests that higher the N-levels and population
density, the greater was the CGR of maize plant.

3.5. Relative Growth Rate (RGR). Irrespective of treatments,
RGR was more at early stage (30 to 50 DAS) and showed
a decreasing trend with the advancement of plant age
(Figure 6). The decrease in RGR was probably due to the
increase of metabolically active tissue, which contributed less
to the plant growth. The decrease in RGR might be also due
to the decrease in net assimilation rate (NAR). Variations in
RGR across the treatments were not apparent in the later
growth period, but the differences were observed in the early
growth period. Sparsely populated plants with 100 kgNha−1
(D
1

N
1

) gave the highest RGR, while the lowest PGR was
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Figure 7: Relationship between SPAD values and N-content at different growth stages of maize plants.

found in densely populated plants (80,000 ha−1) with higher
N-rates (220 kg ha−1). Similar results were reported for maize
by Ahmad et al. [26] and for rice by Hussain et al. [27].

3.6. SPAD Values and N-Content in Maize Leaves. Regardless
of treatment, SPAD values decreased with the plant age
(Table 2). Maximum SPAD values were observed at 60 DAS
which declined progressively reaching the lowest at 105 DAS.
Similar trend was also observed in the case of N-content in
leaves.The higher SPADvalues andN-content ofmaize leaves
at 60 DAS were probably due to the less sink demand for N
from the source (leaf). Conversely, lower SPAD values and
N-content at 75 DAS and afterwards might have been due
to remobilization of N from leaves to reproductive organs as
grain formation was started after 60 DAS. Planting density
exerted significant influence on SPAD values and N-content
in leaves. However, higher values of both the parameters

were obtained from sparsely populated plants (53,000 ha−1)
at 60 DAS compared to other populating densities. Response
of SPAD value and N-contents to N-rates was also found
significant. SPAD value and N-content in the maize leaves
increased as N-level increased. Planting density and N-
rates interaction effects on SPAD values and N-content were
also statistically significant. SPAD values and N-content in
leaves increased with the increase of N-levels irrespective of
population density.

The highest SPAD value and N-content were found in
the plants treated with 220 kgNha−1 regardless of planting
density followed by 180 kgNha−1. Our results corroborated
the findings of Feibo et al. [28] and Zhao et al. [29]
who reported that high correlations were recorded between
SPAD readings, total leaf chlorophyll, and higher level of
N-fertilizers application in short- season cotton (24.2 to
25.0 kg ha−1) and winter wheat (180 kg ha−1).
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Table 2: Effect of N-fertilizer and plant density on SPAD value and N-content in maize leaf at different growth stages.

Interaction of population and
N-fertilizer (000’ No./ha × kg/ha)

60 DAS 75 DAS 90 DAS 105 DAS
SPAD
value % N-content SPAD

value % N-content SPAD
value % N-content SPAD

value % N-content

53 × 100 46.8 2.9 44.5 2.1 8.2 1.3 5.6 0.87
53 × 140 48.7 2.9 46.0 2.1 9.3 1.4 5.7 0.88
53 × 180 47.6 3.0 47.9 2.2 9.6 1.5 7.2 0.92
53 × 220 50.5 3.1 49.3 2.4 12.6 1.5 9.0 1.15
66 × 100 42.9 2.7 45.3 1.7 7.3 1.3 4.9 0.85
66 × 140 43.7 2.8 45.7 2.0 7.9 1.4 5.4 0.87
66 × 180 46.0 2.9 46.6 2.1 8.1 1.5 5.5 0.91
66 × 220 46.7 3.1 49.0 2.6 10.8 1.6 6.7 1.12
80 × 100 39.3 2.7 45.2 1.6 5.7 1.2 4.2 0.8
80 × 140 41.2 2.8 43.7 2.0 6.8 1.3 4.8 0.85
80 × 180 42.9 2.8 46.3 2.1 7.7 1.4 5.3 0.88
80 × 220 46.3 3.0 47.5 1.7 9.7 1.4 5.9 1.1
LSD (0.05) 1.72 NS NS 0.15 0.41 0.16 0.99 0.06
CV (%) 3.2 4.6 2.2 5.4 2.7 5.1 9.9 4.7
DAS: days after sowing; SPAD: soil-plant-analysis development; NS: not significant; LSD: least significant difference; CV: coefficient of variation.

Table 3: Interaction effect of population density and N-fertilizer rates on yield and yield parameters of maize.

Interaction of population and N-fertilizer
(000’ No./ha × kg/ha) Grain yield (t/ha) Stover yield (t/ha) TDM (t/ha) HI (%)

53 × 100 2.52 9.18 11.19 21.51
53 × 140 3.92 8.76 12.69 27.91
53 × 180 4.43 9.0 13.43 29.98
53 × 220 4.40 9.83 13.87 27.92
66 × 100 3.20 11.03 14.23 22.48
66 × 140 4.31 11.17 15.48 27.84
66 × 18 4.70 11.01 15.71 29.91
66 × 220 4.58 12.06 16.64 27.17
80 × 100 3.50 12.42 15.92 21.98
80 × 140 4.67 13.59 18.26 25.57
80 × 180 5.03 13.59 18.62 27.01
80 × 220 4.62 15.17 19.79 23.34
LSD (0.05) 0.3 0.86 0.86 1.49
CV (%) 9.4 6.39 6.39 5.83
TDM: total dry matter; HI: harvest index; stover yield means dry-mass of roots and shoots.

Table 4: Interrelationship among the different plant characters of maize plant.

Characters N-content in leaves (%) LTR LAI TDM GY HI
SPAD value 0.885∗∗ 0.273NS 0.503NS −0.253NS 0.252NS 0.621∗

N-content in leaves (%) — −0.009NS 0.709∗ −0.006NS 0.495NS 0.649∗

LTR — — −0.597∗ −0.963∗∗ −0.653∗ 0.189NS

LAI — — — 0.605∗ 0.722∗ 0.292NS

TDM — — — — 0.713∗ 0.177NS

GY — — — — — 0.613∗

LTR: light transmission ratio; LAI: leaf area index; TDM: total dry-matter; GY: grain yield; HI: harvest index; SPAD: soil-plant-analysis development; NS: not
significant; ∗significant at 5% level; ∗∗significant at 1% level.
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The relationship between SPAD values and N-content
is linearly associated at different growth stages (Figure 7),
suggesting that as SPAD values were increased, N-content in
leaves was also increased linearly. However, the functional
relationship indicates that over 50 to 62%N-content variation
in maize leaves can be attributed to the difference in SPAD
values.

3.7. Total Dry Matter Production. Total dry matter pro-
duction (TDM) increased progressively with the progres-
sive increase in planting densities and N-levels. Densely
populated plants (80,000 ha−1) had accumulated more DM
than the sparsely (53,000 ha−1) planted ones (Table 3). Plants
(80,000) grown with 220 kgNha−1 produced maximum
TDM followed by 140 and 180 kgNha−1. This might be due
to higher number of plants per unit area.TheDMproduction
was largely a function of photosynthetic surface, which was
favorably influenced by N-fertilization. The increase (60%)
in DM production of cotton was due to N-fertilization also
reported by Oosterhuis et al. [30] and Dubeux et al. [31].
Our results were compared favorably with those of Lucus
and Remison [32] who observed linear trends of dry matter
production in maize to increasing population density.

3.8. Interrelationships among the Plant Characters. Table 4
shows the correlation between different plant characters of
maize. GY had significant positive correlation with total
biomass produced and LAI. LTR was found negatively cor-
related with grain yield. HI has correlated with SPAD value,
N-content in leaf, and grain yield.

TDM was significantly associated with LTR and LAI.
Contribution of leaf area and LTR for variation in TDM
accumulation indicated that leaf area was themost influential
factor for determining TDM than the other parameters. LAI
was positively correlated with N-content in leaf and LTR. N-
content in the leaf had significant positive influence on SPAD
value.

4. Conclusion

The results of this study conclusively reveal that the plant
height was higher in sparsely populated plants with vary-
ing doses of N. Plants grown with 180 kgNha−1 with
80,000 plants ha−1 had larger foliage, greater light absorption,
and growth efficiency that eventually resulted in higher grain
yield. On the basis of the obtained results, we concluded
that growth efficiency could substantially be increased by
adjusting population density with sufficient amount of N-
fertilizer. Further experiments should be conducted consider-
ing different combinations of major/minor nutrient elements
to fully exploit the growth parameters of maize crop under
local conditions.
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