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Abstract: The effect of different nitrogen levels (0, 200 and 400 kg urea ha-1) and phosphorus rates of 0, 100, 200
and 300 kg ha-1 in the form of triple superphosphate on growth and yield components of sweet corn was
investigated at a research field, in Takestan, Iran, during 2006 growing season. The experiment was carried out
using split plots based on randomized complete block design with four replications. Results showed that nitrogen
fertilizer effect was significant on number of grains per ear, number of nodes per stalk, ear height, ear diameter,
husked green ear weight, 1000-grain weight, plant height and grain yield of sweet corn. Phosphorus rates
significantly affected plant height, ear diameter, ear height, grain yield, husked green ear weight and 1000-grain
weight. Interaction effect of nitrogen × phosphorus was only affected 1000-grain weight, grain yield and husked
green ear weight. whereas the rest of studied traits were remained unaffected. The highest grain yield (7781.10 kg
ha-1) was that of application of 200 kg urea ha-1 coupled with 200 kg ha-1 of triple superphosphate. It is concluded
that optimum dose of phosphorus/nitrogen for sweet corn crop is 200 kg ha-1. It is also suggested that further
research should be done under different environmental conditions.
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acids, chlorophyll and many other metabolites essential
for survival of the plant. Numerous field experiments
conducted throughout the world has shown that
nitrogen is the most important growth-limiting factor.
Nitrogen application is one of the important nutrient
amendments made to the soil to improve growth and
yield of many crop plants (Reddy, 2006). Deficiencies
of nitrogen profoundly influence the morphology and
physiology of plants. Plants under low levels of
nitrogen develop an elevated root: shoot ratio with
shortened lateral branches. Higher levels of NO3inhibit root growth and leads to a decrease in the root:
shoot ratio (Scheible et al., 1997; Zhang et al., 1999).
Under nitrogen deficiency, plants exhibits stunted
growth and small leaves. In the beginning of nitrogen
deficiency, the older leaves show chlorosis when
compared to younger leaves because of high mobility
of nitrogen through phloem. Nitrogen deficiency
induces the chloroplast disintegration and loss of
chlorophyll. Necrosis occurs at later stages and if
nitrogen deficiency continues, it ultimately results in
plant death.
Phosphorus is the second important nutrient
required by plants. It is an essential component of

1. Introduction
Cereals are the main crops and occupied wide
range of important parts of the world. Approximately
55% of protein, 15% of fats, 70% of glosides and
generally 50 to 55% of calories consumed by humans
in the world are provided by the cereals
(Normohammadi et al., 2001). The economic
importance of corn is clear as it has spread its planting
in new world thousands of years ago; because all of its
parts such as grain, branches and leaves, even corncob
and corn silk is used numerously in human nutrition
(20_25%), fed livestock and poultry (70-75%) and
pharmaceutical industry (5%)( Mirhadi, 2001).
Sweet corn, which provides consumption, is
especially important in food industry and making Tuna.
In recent years, the production for fresh consumption
and Conversion industries as two valuable careers are
considered. Since the significant increase in crop
production is achieved, the average yields of crops are
yet less than their yield potential. The yield potential
with full-product cultivars, under ideal management
conditions and with optimal physical and also chemical
environment will be achieved. Providing appropriate
amount of mineral elements required for plant growth
through appropriate distribution methods is one way to
increase the crop yield (Fathi, 1999).

nucleic acids, phosphorylated sugars, lipids and
proteins, which control all life processes. Phosphorus
forms high-energy phosphate bonds with adenine,

Nitrogen is one of the most prevalent elements
and it is a component of amino acids, proteins, nucleic
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guanine and uridine, which act as carriers of energy for
many biological reactions. Since the phosphate
availability is usually low in the soils, the plants have
developed special adaptations to acquire the same with
the help of multiple high affinity transporters
(Raghothama, 1999). Phosphorus deficient plants show
stunted growth; leaves develop dark, blue, and green
characteristic and sometimes-purplish appearance.
Because of the high mobility of phosphorus, older
leaves become chlorotic as compared to younger
leaves. Leaf shape may be distorted and also leads to
reduction in the number of leaves (Lynch et al., 1991).
The sweet corn yield depends on yield related trais
such as 1000-grain weight, and agronomical factors
such as cultivar, plant density and soil fertility, that
may be effective on the growth and development
stages. In order to achieve high yield of sweet corn,
there should be a good combination of essential
nutrients.
Keeping in view the importance of these two
factors, the present work was designed to assess the

effect of different nitrogen levels in combination with
varying phosphorus rates on agronomic traits of sweet
corn in order to proper consumptive management of
these fertilizers.
2. Materials and Methods
This research was undertaken in an
experimental area, Takestan, Iran, in growing season of
2006. The site is located at Latitude 36° 04´ N,
Longitude 49°39´ E; in a semi-arid zone (mean annual
rainfall of 250 mm; relative humidity: 55 to 65% and
mean annual temperature15 to 20 ºc). Soil analysis was
done before planting (Table1). In this experiment
nitrogen fertilizer (in the form of urea) as the main
factor including three rates (N1=0, N2=200 and N3=400
kg urea ha-1) and phosphorus (triple superphosphate) as
the minor factor at four levels (P1=0, P2=100, P3=200
and P4=300 kg ha-1) were studied. The experimental
units were designed as a split plots based on
randomized complete block design (RCBD) with 4
replications and 12 treatment combinations.

Table 1. Physical and chemical properties of experimental soil before planting
SD (cm) O.C (%) N (%) P (ppm) K (ppm)
ST
pH
EC (ds/m)
0-30
0.73
0.08
5
230
Clay-loam 7.62
0.95
Note. SD–Soil depth; ST– Soil texture
Tillage and complementary operations
including disk, land leveling and creating the ridge and
furrows (distance of 75cm) was performed before
sowing. The sweet corn seeds were selected from
hybrid sweet corn namely ‘Ksc403su’.Sowing was
done on June 15. In order to control weeds, hand
hoeing was carried out during the growth period in two
times at 25 and 50 days after sowing (DAS). A
thinning operation was performed 30 days after
sowing, leaving the more vigorous plants in each plot.
Urea fertilizer was used in two splits. The first
application (side dressing) was made at 4 to 6 true leaf
stages and second application was made as top
dressing, at 8 true leaf stage of sweet corn. Triple
superphosphate fertilizer (3 Ca (H2PO4)2) was
distributed under planting rows as the starter fertilizer
at the time of sowing. To prevent the effect of fertilizer
treatments on each other, a 2 and 6 m distance between
adjacent plots as well as blocks was considered,
respectively. At physiological maturity stage after
discarding margins, ten random samples were selected
from each experimental unit and traits consisted of
plant height, stalk diameter, number of nodes per stalk,
ear height, ear diameter, number of grains per ear and
husked green ear weight were measured and their

S.P (%)
42

diameter was measured with a caliper rule below the
ear insertion node. With the aim of estimate, grain
yield and 1000-grain weight, a final harvesting was
done from the usable area of each experimental plot.
After discarding margin plants, the grain yield was
evaluated via total grain-weight of green unhusked
ears, and by the grain-weight of both marketable
unhusked and husked ears per each plot by a 0.001 g
digital precise scale, which was expressed as kg ha-1.
Data were subjected to analysis of variance (ANOVA)
using the Statistical Analysis System SAS computer
software at p<0.01 (SAS, 2001) and significant
treatment means were separated by DMRT.
3. Results & Discussion
Plant height, is indicating growth and
exploitation of environmental resources. Results
showed that individual effect of nitrogen and
phosphorus had significant effect on the plant height at
1% and 5% levels, respectively, whereas their
interaction was not significant in this trait (Table 2).
Means comparison with Duncan Multiple
Range Test at 1% probability level showed that the
highest plant height (169.81 cm) was obtained from
plants received 400 kg urea ha-1, which was statistically
at par with 200 kg urea ha-1(168.81 cm) (Table 3).

average in terms of said traits were considered. The
distance from ground level to the insertion point of the
highest leaf blade was considered as plant height. Stalk
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Table 2: The mean squares of ANOVA for pant height, stalk diameter, number of nodes per stalk, ear
height and ear diameter of sweet corn
Stalk
Number of
Ear
Ear
S.O.V
df
Plant height
diameter
nodes / stalk
height
diameter
R
3
111.576 ns
0.109 ns
1.568 ns
14.703 ns
0.284 ns
N
2
788.083 **
0.013 ns
5.141 *
28.797 *
0.947 *
Ea
6
61.889
0.044
0.603
5.4
0.097
*
ns
ns
**
P
3
88.229
0.006
0.822
24.27
0.499 **
ns
ns
ns
ns
N×P
6
62.458
0.019
0.150
1.399
0.109 ns
Eb
27
28.104
0.034
0.6
4.691
0.103
CV%
4.48
11.75
7.2
10.43
6.75
Note. * – p < 0.05, ** – p < 0.01, ns – p > 0.05. R – Replication, N – Nitrogen effect,
P –Phosphorus effect. N×P represent interaction terms between the treatment factors
Table 3. Individual effect of nitrogen and phosphorus levels and interaction thereof on plant height, stalk diameter,
number of nodes /stalk, ear height and ear diameter of sweet corn in estimated means
Stalk
Number of
Nitrogen
Phosphorus
Plant height
Ear height
Ear diameter
diameter
nodes
-1
*
-1
(kg urea ha )
(kg TS ha )
(cm)
(cm)
(cm)
(cm)
/stalk
0
157.18 b
1.554 a
10.10 b
19.325 b
4.525 b
200
168.81 a
1.594 a
11.10 a
21.981 a
5.006 a
400
169.81 a
1.539 a
11.06 a
20.981 ab
4.703 b
0
162.6 c
1.592 a
10.37 a
19.075 b
4.458 b
100
163.69 bc
1.543 a
10.80 a
20.142 ab
4.792 ab
200
168.17 a
1.546 a
10.97 a
21.625 ab
4.942 a
300
166.79 ab
1.568 a
10.87 a
22.208 a
4.787 ab
0
155.06 a
1.550 a
9.75 a
17.875 a
4.2 a
100
156.12 a
1.555 a
10.35 a
18.425 a
4.550 a
0
200
158. a
1.530 a
10.20 a
19.750 a
4.675 a
300
159 a
1.580 a
10.10 a
21.250 a
4.675 a
0
160.62 a
1.715 a
10.75 a
19.8 a
4.725 a
100
165.5 a
1.495 a
10.92 a
21.125 a
4.900 a
200
200
175.37 a
1.610 a
11.55 a
23.625 a
5.200 a
300
173.75 a
1.555 a
11.17 a
23.375 a
5.200 a
0
170.25 a
1.510 a
10.62 a
19.550 a
4.450 a
100
170.25 a
1.580 a
11.12 a
20.875 a
4.925 a
400
200
171.12 a
1.498 a
11.15 a
21.500 a
4.950 a
300
167.62 a
1.570 a
11.35 a
22 a
4.487 a
* –TS: triple superphosphate. Means not sharing a common letter in a column differ significantly at
0.05 level of probability
Application of 200 kg ha-1of triple
superphosphate (TS) produced the tallest plant height
at maturity (168.17 cm). The results of 200 kg ha-1 and
300 kg ha-1 of TS were statistically at par with each
other (Table 3). However, Grazia et al. (2003) found
contradictory results. They found that phosphorus
fertilization did not affect plant height.

It seems that an increase in the number of
nodes caused an elevation in the plant stem due to
nitrogen application. The results are in conformity with
the findings of Tsai et al. (1978), Grazia et al. (2003)
and Normohammadi et al. (2001) that expressed plant
height can be increased by nitrogen application.
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The results in Table 2 indicated that, stalk
diameter, was not significantly affected by different
nitrogen rates, phosphorus levels and interaction
thereof. However, the interaction between 200 kg urea
ha-1 and non-application of phosphorus fertilizer (0 kg
TS ha-1) produced maximum stalk diameter (1.715 cm).
The effect of nitrogen fertilizer on number of nodes per
stalk showed a significant difference (p<0.05), hence
the application of 200 and 400 kg urea ha-1 were placed
at superior group with means of 11.10 and 11.06
respectively. Likewise, the lowest value of this trait
was that of 0 kg urea ha-1 (Table 3). Last, it must be
mentioned that, phosphorus levels and interaction of
nitrogen× phosphorus did not influence number of
nodes per stalk.
As regards ear height it should be noted that,
ear height of sweet corn is strongly affected by soil,
water, nutrients and light situation and plant
competition (intra-inter competition) due to plant
density. Optimization of these conditions in order to
maximize utilization of cultivars genetic potential is
necessary. At full maturity stage, according to results in
Table 2, ear height, was significantly/highly
significantly affected by nitrogen rates and phosphorus
levels, respectively. Application of 200 kg urea ha-1
with 21.981 cm ear height had the highest mean value,
which was statistically at par with 400 kg urea ha-1.
The least ear height (19.325 cm) was also recorded for
non-application of nitrogen (urea). Data on Table 3
show that maximum ear height (22.208 cm) was
recorded at higher phosphorus levels (300 kg TS ha-1),
in contrast, non-application of this fertilizer produced
minimum (19.075 cm). Nitrogen and phosphorous
interaction was not significant on this trait and all
related means were on par (Tables 2 and 3). The result
of 100 kg TS ha-1, 200 kg TS ha-1and 300 kg TS ha-1
were statistically at par with each other.
One of evaluated traits in this study was ear
diameter, which results of statistical analysis showed
that this trait was significantly affected by nitrogen

rates (p<0.05) and different phosphorus levels (p<0.01)
(Table 2). Lesser nitrogen application (0 kg urea ha-1)
recorded significantly lower ear diameter by 5.006 cm
over higher nitrogen levels (200 and 400 kg urea ha-1).
The results of Table 3 show that, among all applied
phosphorus levels, 200 kg TS ha-1 (4.942 cm) was
placed in superior group as compared to other
phosphorus levels. Interaction of N × P revealed nonsignificant effect on produced ear diameter (Table 2).
In this study, ear diameter followed similar trend as
that of ear height in interactions section (Table 3).
In this research, nitrogen fertilizer had highly
significant effect (p<0.01) on number of grains per ear,
while, phosphorus and interaction between nitrogen
and phosphorus showed no-significant effects (Table
4). In this regard, Fontanetto (1993) found that
phosphorus deficiency reduced the number of grains
per ear, which is inconsistent with these results. Means
comparison of nitrogen rates using Duncan test at the
probability level of 1% showed that 200 kg urea ha1
produced the highest number of grains per ear
(564.851). Based on Duncan grouping method, it was
placed in the first group, which was statistically at par
with 400 kg urea ha-1. In addition, the control treatment
(N1) had the least number of grains per ear (Table 5). In
this regard, Reed et al. (1988) reported that grain
number ear-1 (sink size) determined by formation of
grain on ear during silking period.
Nitrogen (p<0.01), phosphorus (p<0.05) and
their interaction (p<0.05) had significant effect on
husked green ear weight (Table 4). Since the
interaction of N rate × P was significant; mean values
for each treatment combination are presented in Table
5. Means Comparison of interaction effect indicated
that among all interactions, the highest husked green
ear weight (84.668 g) was recorded in the combination
of 200 kg urea ha-1 with phosphorus application of 200
kg TS ha-1followed by the combinations of similar
nitrogen level with higher rate of P (300 kg TS ha-1).

Table 4. The mean squares of ANOVA for number of grains /ear, husked green ear weight,
1000-grain weight and grain yield of sweet corn
S.O.V df
Number of grains
Husked green
1000-grain
Grain
/ear
ear weight
weight
yield
R
3
4054.787 *
3.154 ns
7.225 ns
161007.748 ns
**
**
**
N
2
7939.815
718.095
4491.063
64.9430.143 **
Ea
6
552.49
32.815
2.482
245129.536
P
3
971.238 ns
131.897 *
38.356 **
1754413.96 **
P×N
6
339.066 ns
94.281 *
5.445 *
740025.126 *
Eb
27
428.6
34.739
1.769
296239.989
CV%
3.78
8.37
0.78
8.59
Note. * – p < 0.05, ** – p < 0.01, ns – p > 0.05. R – Replication, N – Nitrogen effect,
P –Phosphorus effect. N×P represent interaction terms between the treatment factors
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Table 5. Individual effect of nitrogen and phosphorus levels and interaction thereof on number of grains
/ear, husked green ear weight, 1000-grain weight and grain yield of sweet corn in estimated means
Phosphoru
1000Nitrogen
s
Grain
Number
of
grains
Husked
green
ear
weight
grain
(kg urea ha-1)
(kg TS*
yield (kg ha/ear
(g)
weight
1
ha-1)
)
(g)
0
200
400

522.447 b
564.851 a
555.488 a
537.313 a
552.947 a
556.999 a
543.121 a
511.005 a
525.860 a
534.547 a
518.375 a
554.635 a
559.747 a

63.526 b
76.902 a
70.884 ab
66.174 b
69.822 ab
73.999 a
71.754 a
59.285 d
63.513 cd
64.847 bcd
66.458 bcd
68.318 bcd
72.362 bc

163.54 b
5694.02 b
173.46 a
6959.08 a
171.71 a
6365.03 ab
0
167.05 b
5853.62 b
100
169.56 a
6285.78 ab
200
170.95 a
6773.88 a
300
170.72 a
6444.23 ab
0
162.80 f
5254.85 e
100
163.20 f
5697.75 de
0
200
163.67 f
5864.37 cde
300
164.47 f
5959.10 cde
0
170.20 d 6086.42 cde
100
173.07
6559.40 bcd
bc
200
200
572.248 a
84.668 a
175.80 a
7781.10 a
300
572.773 a
82.260 a
174.77
7409.40 ab
ab
0
546.300 a
70.920 bc
168.15 e
6219.60 cd
100
573.233 a
73.590 b
172.40 c 6600.20 bcd
200
564.202 a
72.482 bc
173.37
6676.12 bc
bc
400
300
537.215 a
66.545 bcd
172.92
5964.20 cde
bc
* –TS: triple superphosphate. Means not sharing a common letter in a column differ significantly at 0.05 level of
probability
par with N2P4 interaction (Table5). Significantly lower
1000-grain weight of 162.80 g was recorded with N1P1
interaction.
The grain yield is an economical part of the
plant, which is available to human and livestock

The least husked green ear weight (59.285 g)
was
recorded
in
combinations
of
no
nitrogen/phosphorus application i.e., N1P1 (Table 5).
According to the results in Table 4, 1000grain weight was highly significantly affected (p<0.01)
by nitrogen rates and different phosphorus levels. Data
on Table 5 show that the 1000-grain weight increased
with increasing in nitrogen application rates (N1→N2)
as well as phosphorus rates (P1→P3). Thus, the highest
(173.46 g) and lowest (163.54 g) values of 1000-grain
weight were obtained from 200 and 0 kg urea ha-1,
respectively. Maximum 1000-grain weight (170.95 g)
was recorded at 200 kg TS ha-1 against the minimum
(167.05 g) at control (P=0 kg TS ha-1). All phosphorus
application levels (i.e., 100, 200 and 300 kg TS ha-1)
were placed in superior group. In terms of this trait, it
should be noted that, 1000-grain weight is constituent
of grain yield that is affected by genetic and
environmental factors. The N2P3 interaction recorded
significantly higher 1000-grain weight (175.8 g)
compared to rest of the interactions; whereas it was on

consumption and is affected by environmental factors
and genetic potential of plant. Finally, based on
obtained results in Table 4, grain yield was also
significantly affected by nitrogen levels (p<0.01), P
rates (p<0.01) as well as interaction thereof (p<0.05)
(Table4). Nitrogen application at the rate of 200 kg
urea ha-1 produced the highest grain yield (6959.08 kg
ha-1), but statistically at par with 400 kg urea ha-1
(6365.03 kg ha-1) (Table 5). The higher grain yield in
nitrogen application of N2 was mainly due to higher
grain number in ear as well as achieving the most
husked green ear weight in this study (Table 5). These
results are in conformity with the findings of Reed et
al. (1988),who reported that, grain yield in corn is
mainly due to grain number and ear weight. Moreover,
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they stated that, ear height, grain number in row and
grain number in ear are the main factors of the
increased grain yield (Reed et al., 1988). Anderson et
al. (1985) expressed that nitrogen consumption resulted
in increased number of rows of grain, grain number in
ear, 1000-grain weight, ear weight and grain yield as
well as harvest index. Present results support the
previous study of Fathi (1999), who asserted that the
use of nitrogen could increase sweet corn grain yield.
Among the P fertilizer levels 200 kg TS ha-1
produced highly significantly higher grain yield

University (I.A.U) as well as research board for their
collaboration and support.
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(6773.88 kg ha-1) while 100 and 300 kg TS ha-1 gave
6285.78 and 6444.23 kg ha-1, respectively (Table5).
Among all treatment combinations, 200 kg urea ha-1
coupled with 200 kg TS ha-1 (N2P3) produced the
highest grain yield (7781.10kg ha-1). The higher grain
yield in this interaction was due to significantly higher
husked green ear weight (84.668 g) and 1000-grain
weight (175.80 g). However, N2P3 and N2P4
interactions were on par. Clearly, for treatments
fertilized with N2, phosphorus application levels (P1→
P3) determined a significant increase in yield.
Furthermore, the lowest grain yield (5254.85 kg ha-1)
was that of the control treatment (no nitrogen
application) coupled with not applying TS (N1P1). In
the other hand, within the N1 level, lower yields were
measured with the decrease in phosphorus application.
The results are in disagreement with the results of
Grazia et al. (2003), who stated that the greatest yield
of sweet corn was belonged to N2P2 (N2=200 kg/ ha-1 of
pure nitrogen, P2=80 kg/ha of P2O5) treatment
combination.
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