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Abstract— Planting layout arrangements greatly influence the sweet corn population and crop yields per
unit area. Planting layout arrangements are related to plant spacing, plant spacing that is too wide causes
too little population, while plant spacing that is too tight results in competition between plants. Fertilization
of macronutrients such as NPK is needed to meet the needs of plants in the maximum population. The
research was carried out from May to July 2023 in Jetis Village, Jetis District, Ponorogo Regency, East Java
Province, Indonesia. The experiment used a split-plot design with NPK fertilizer dosage as the main plot and
planting pattern as a subplot. The NPK dosage consists of three levels, namely 200 kg ha*, 300 kg ha* and
400 kg ha', while the planting pattern consists of four levels, namely single row, jajar legowo 3:1, jajar
legowo 2: 1 and ring pit pattern. The research results show that differences in planting layout influence the
microclimate around sweet corn plants which includes temperature, relative humidity and sunlight intensity.
The ringpit planting layout shows a higher population and yield compared to other planting patterns. The
single row planting pattern showed the lowest growth and yield of sweet corn. NPK fertilization with doses
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of 300 kg ha* and 400 kg ha* can increase the growth and yield of sweet corn plants.
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I. INTRODUCTION

Sweet corn (Zea mays saccharata Sturt.) is a type of plant
that is harvested young and widely cultivated in tropical
areas. Not only in tropical regions, sweet corn is a popular
vegetable in the USA, Australia and Canada. Sweet corn is
very popular among people because it has a 25-30% sweeter
taste than normal grain corn (Bhatt, 2012; Ugur and Maden,
2015). Sweet corn is a source of carbohydrates, protein,
vitamins, minerals, phenolic acids, carotenoids and fiber.
Regular consumption of sweet corn can reduce the severity
of chronic diseases such as cardiovascular disease, eye
disease, obesity, diabetes and digestive diseases (Sheng et
al., 2018). Sweet corn also has an important role in meeting
the nutritional needs of celiac sufferers, because sweet corn
kernels do not contain gluten which is usually provided in
the form of corn flour (Baranowska, 2023).
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In Indonesia, the average sweet corn production is around
8.31 tons ha' and has a value that is very far from the
potential yield of 14 tons ha* to 18 tons ha* (Pratama et al.,
2022). Low production can be caused by various aspects,
including cultivation factors, biotic factors and abiotic
factors. Improvement efforts that can be made to increase
production are expanding cultivation areas (extensification)
as well as increasing land productivity and improving
cultivation techniques (intensification) (Magezi et al.,
2023). Intensification can be done by regulating planting
patterns and managing adequate nutrition.

Setting planting patterns is related to plant spacing, plant
population per hectare which will then influence the
production produced per hectare (Bernhard and Below,
2020). Increasing population in a unit area can increase
yields, but plant density that is too high reduces yields and
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quality due to competition for environmental resources such
as light, temperature, water and nutrients (Xue et al., 2016).
As a C4 plant, corn is very susceptible to light stress and
low temperatures (Bilska and Sowinski, 2010; Bellasio and
Griffiths, 2014).

At maximum population conditions, nutrient management
is needed so that plant nutrition is sufficient. Macro
essential fertilizers that must be met for plant growth are N,
P and K (Gul et al., 2015). N plays an important role in the
synthesis of proteins, enzymes, DNA, RNA and chlorophyll
(Hayat et al., 2010). P is needed in the formation of proteins
and carbohydrates, DNA, RNA, forms ATP as an energy
source and is important in the photosynthesis process, while
K plays a role in osmoregulation, photosynthesis and
induces sucrose content, soluble sugar content and starch
content in corn plants (Pettigrew, 2008; Duncan et al., 2018;
Yang et al., 2021). This research aims to obtain a model for
proper plant layout and NPK fertilization to increase the
productivity of sweet corn plants.

Il. MATERIALS AND METHOD
2.1 Experimental detail

The research was carried out from May to July 2023 in Jetis
Village, Jetis District, Ponorogo Regency, East Java
Province, Indonesia. The research was carried out using a
split-plot design, the main plot was the NPK fertilizer dose
and the plant layout method was the subplot

The main plot is the NPK fertilizer dose which consists of
three levels:

N1: NPK 200 kg ha'*
N2: NPK 300 kg ha'*
N3: NPK 400 kg ha*

The subplot consists of a plant layout method which
consists of four levels:

P1 = Single row (95 plants per plot)

P2 = Jajar legowo 3:1 (246 plants per plot)
P3 = Jajar legowo 2:1 (270 plants per plot)
P4 = Ring pit (280 plants per plot)

This treatment combination was repeated 3 times to obtain
36 experimental plots.

Data were analyzed using ANOVA (Analysis of Variance)
and carried out with the F test was at the 5% error level, if
there is an effect continued HSD (honest significant
difference) test at the 5% error level.

2.2 Field experiment

The experimental site is situated at an altitude of
approximately 146 meters above sea level (masl), average
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air temperature of 21-31°C, and with Alluvial soil type.
Planting sweet corn seeds is carried out using 4 plant layout
methods according to treatment: a) Single row planting uses
spacing 20x70 cm (population of 95 plants per plot), b) Jajar
legowo 3:1 with a planting distance of 30x30x90 cm
(population 246 plants per plot), c) Jajar legowo 2:1 with a
planting distance of 20x30x90 cm (population 270 plants
per plot), d) ring pit pattern, in one circle there are 8 planting
holes with a planting distance between the circles of 60x70
cm (population 280 plants per plot). An illustration of the
plant layout is presented in Figure 1.
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Fig.1: Sweet corn planting pattern: a. Single row, b. Jajar
Legowo 3:1, c. Jajar Legowo 2:1, d. Ring pit pattern

Fertilizer application uses compound NPK 16:16:16
according to the dosage of each treatment. Maintenance
activities include replanting, irrigation, weeding, hilling and
controlling pests and diseases. Sweet corn harvesting is
carried out 18-24 days after pollination. The age of a sweet
corn plant is between 60-70 days at physiological maturity
which is marked by the color of the corn hair starting to turn
brown and drying out, the tip of the cob starting to be filled
with corn kernels.

2.3 Measurement

The variables were observed in this research include growth
variables, microclimate observations and yield variables.
2.3.1Growth variables observed at age 56 DAP. Growth

variables include :
1. Plant height
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Observation of plant height is carried out by
measuring the height from the base of the stem to the
highest growing point of the plant

Number of leaves

Counting the number of leaves is done by counting the
leaves that have opened completely

Leaf area (cm?)

Leaf area was measured using the ALA method
(Average Leaf Area) which can be done non-
destructively (Widaryanto et al., 2019). The method
used is to find the average estimated leaf area using a
formula :

X _ (Leaf areal /eleaf 1)+ (Leaf area2 /¢ leaf 2) )
2

To find out the average leaf area per plant use the
formula:
LA per plant = X x NL
Keterangan:
X = Average area per leaf
& = Number of leaves per plant
LA = Leaf area
NL = Number of leaves per sample plant

Stem diameter

Measurements were carried out on the second segment
from the bottom of the soil using a caliper

Fresh weight per plant

Fresh weight was observed by measuring the total
fresh weight of the plant using a digital scale

Dry weight per plant

Dry weight is obtained from the weight of samples that
have been oven-treated for 48 hours at 80°C.

2.3.2 Microclimate observations were observed at 14, 28, 42

and 56 HST. Microclimate observations include :
Temperature and relative humidity

Temperature and relative humidity are measured using
a thermohygrometer. Measurements on plants were
carried out in the middle of the plant canopy during the
day (12.00 am).

Intensity of solar radiation

Measurement of the intensity of solar radiation was
carried out at 12.00 am on plants including the top,
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middle and bottom of the plant canopy using a
lightmeter (Sugito., 1999).

2.3.3Yield variables are observed at harvest time at

3.1

approximately 60-70 days after planting. Yield
variables include :

Number of cobs per plot

The number of cobs was calculated by counting all the
corn cobs in each treatment plot with an area of 4 x 5
m

Length of the filled cob

Measurements are made by measuring the length of
the cob from the base to the tip of the cob using a tape
measure

Cob diameter

Measurements were made at the center of the corn cob
using a caliper

Weight the cobs with husks

Measurements were made by weighing the corn cobs
and husks using a digital scale

Weight of cobs without husks

The corn husks were peeled and then the weight of the
cobs without the husks was weighed using a digital
scale

Harvest index

The harvest index is a value that describes the
distribution of photosynthesis or plant biomass
between the two parts of the plant that have been
considered, namely the organs for photosynthesis and
the organs of economic value. The harvest index using
a formula :

Weight of cobs
Total biomass

Harvest index =

I11. RESULTS

Growth Observations

The effect of administering NPK fertilizer doses and
planting layout methods on sweet corn plant growth
variables is presented in Table 1. There is no interaction
between the two treatments, but each factor has its own
influence.

Table 1. Effect of NPK dosage and planting layout method on sweet corn plant growth components

Number of

Stem

Plant height Leaf area . Fresh weight  Dry weight
Treatment (cm) leaves (cm?) diameter 4 )
(sheet) (cm) (g tan™) (g tan™)
NPK fertilizer dosage
N1(NPK 200 kg ha?) 181,25 a 11,58 a 1084,40 a 2,48 507,81 a 176,98 a
N2 (NPK 300 kg ha?) 205,56 ab 12,42b 1128,99 ab 2,56 585,80 ab 220,14 ab
N3 (NPK 400 kg ha') 223,54 b 12,77b 1312,83b 2,59 607,17 b 238,98 b
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HSD 5% 35,90 0,803 187,6 ns 95,7 52,72
CV (%) 12,13 4,50 10,97 8,00 11,60 23,32
Planting layout method

P1 (Single row) 192,50 12,11 994,38 a 2,60 510,35a 192,26 a
P2 (Jajar legowo 3:1) 206,31 13 111842 a 2,58 458,82 a 163,78 a
P3 (Jajar legowo 2:1) 205,14 12,33 114379 a 2,48 579,86 ab 188,33 a
P4 (Ring pit) 209,86 12,00 1445,04 b 2,50 718,68 b 303,77 b
HSD 5% ns ns 227,6 ns 157,7 57,18
CV (%) 7,20 5,92 14,54 7,37 20,89 22,94

Remarks: The numbers followed by the same letter in the same column are not significantly different in the HSD test with a
confidence level of 95%. HSD: Honest Significant Difference CV: Coefficient of variation

The variables of plant height and number of leaves were
only influenced by NPK fertilization and were not
influenced by differences in planting layout. The variables
of leaf area, fresh weight per plant and dry weight per plant
were influenced by the two treatments, namely the dose of
NPK fertilizer and differences in planting layout. Neither
the NPK fertilizer dose nor the planting layout method had
any effect on the stem diameter of sweet corn plants.
Providing NPK fertilizer at doses of 300 kg ha'* and 400 kg
ha'! showed higher growth variables than the NPK dose of
200 kg ha.

Different planting layout methods have no effect on plant
height, number of leaves and stem diameter of sweet corn
plants. The planting layout method influences the variables
of leaf area, fresh weight and dry weight of the plant. The
planting layout method using ring pits showed higher leaf
area and plant dry weight compared to other treatments. In
the variable fresh weight per plant, it shows that the 2:1 row
legowo planting layout method and row rings show higher
yields.

3.2 Microclimate observations

In this research, we studied how the planting layout method
influences the microclimate. The components observed in
microclimate observations are temperature, humidity and
sunlight intensity (Figure 2). Observations of air
temperature show that the temperature decreases as the age
of the plant increases. Air temperature decreased drastically
at the age of 42 WAP and 56 WAP plants. The jajar legowo
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3:1 treatment had a higher air temperature compared to the
other treatments. Lined ring treatments tend to have lower
temperatures. Differences in air temperature between
treatments can be related to canopy density which is formed
due to differences in planting distance and plant density.

Observations of relative humidity show a graph that is
inversely proportional to air temperature. When the
temperature is high, the relative humidity is low, and
conversely, if the temperature is low, the relative humidity
becomes high. Relative humidity decreased at 28 WAP, and
then continued to increase at 42 WAP and peaked at 56
WAP. The lined ring layout method tends to have higher
relative humidity compared to other treatments. The
planting layout method that shows low relative humidity is
found in the row legowo 3:1 treatment.

The value of solar radiation intensity is inversely related to
the graph of relative humidity observations. The intensity of
solar radiation continues to increase until the age of 42
WAP and then decreases significantly at the age of 56
WAP. The jajar legowo 3:1 treatment showed higher
intensity compared to other treatments. The lined ring
treatment had the lowest intensity at 14 WAP and 56 WAP,
but the intensity increased drastically at 28 WAP and 42
WAP. Air temperature and solar radiation intensity have a
pattern that is directly proportional, and both have values
that are inversely proportional to relative humidity. When
the intensity of solar radiation increases, the air temperature
will increase and the relative humidity will decrease.
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Fig.2: The effect of planting layout methods on air temperature, relative humidity and solar radiation intensity at each
observation age

3.3 Yield Observations in Table 2. There is no interaction between the two

The effect of administering NPK fertilizer doses and treatments, but each factor has its own influence.

planting layout methods on sweet corn plants is presented
Table 2. Effect of NPK dosage and planting layout method on sweet corn yield observations

Cob Cob weight ~ Cob weight
e Ml Loy ganeer itk wibthu oo
(cm) © ©
NPK fertilizer dosage
N1(NPK 200 kg ha'l) 48,92 17,86 a 4,76 257,34 a 177,33 a 0,51
N2 (NPK 300 kg hat) 50,50 19,38 ab 4,85 298,75 Db 196,74 ab 0,50
N3 (NPK 400 kg hat) 50,08 22,73 b 5,13 295,18 b 203,93 b 0,52
HSD 5% ns 3,668 ns 34,34 23,60 ns
CV (%) 15,96 12,61 8,05 8,32 8,42 20,83
Planting layout method
P1 (Single row) 43,78 ab 18,39a 5,05 245,635 a 176,111 a 0,44 a
P2 (Jajar legowo 3:1) 34,67 a 20,31b 4,94 295,536 b 200,536 b 0,58 b
P3 (Jajar legowo 2:1) 53,22 b 20,46 b 4,76 278,492 ab 188,948 ab 0,49 ab
P4 (Ring pit) 67,67 c 20,81b 4,90 315,357 b 205,071 b 0,53 ab
HSD 5% 10,56 1,384 ns 43,75 19,93 9,93
CV (%) 15,91 5,20 6,45 11,57 7,77 14,30

Remarks: The numbers followed by the same letter in the same column are not significantly different in the HSD test with a
confidence level of 95%. HSD: Honest Significant Difference CV: Coefficient of variation
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The dose of NPK fertilizer affects the yield variables of
sweet corn plants which include the length of the filled cob,
the weight of the cob with the husk and the weight of the
cob without the husk. Differences in NPK fertilizer doses
did not affect on the number of cobs per plot, ear diameter
and harvest index. Giving NPK at a dose of 300 kg ha™ and
400 kg ha showed higher results compared to the NPK
dose of 200 kg ha.

The planting layout method does not affect the diameter of
the cobs, but it does affect the number of cobs per plot, the
length of the filled cobs, the weight of the cobs with husks,
the weight of the cobs without husks and the harvest index.
The planting layout with a lined ring pattern shows a higher
number of cobs per plot compared to other planting patterns.
Observing the length of the filled cobs, the weight of the
cobs with husks, the weight of the cobs without husks and
the harvest index showed that the planting patterns of jajar
legowo 3:1, jajar legowo 2:1 and lined rings had values that
were not significantly different. The pattern of planting row
legowo 2:1 and single row had values that were not
significantly different when observing the weight of cobs
with husks and the weight of cobs without husks. When
observing the harvest index of pattern of planting, single
row planting, row legowo 2:1 and row rows have results that
are not significantly different.

IV. DISCUSSION

Based on the data obtained, there was no interaction
between the two treatments, however the use of NPK
fertilizer and planting patterns had an effect on the growth
and yield of sweet corn plants. In the treatments carried out
in the research, the largest population was found in the ring
pit planting layout (lined circles) with 280 plants per plot.
That way, the yields produced in this layout show the
highest. Research conducted on white corn shows that grain
yield increases with plant density, double-row planting
produces 12-18.22% higher yields compared to single-row
(Akbar et al., 2016). Plant population greatly influences
crop yields in unit area. Research conducted on peanut
plants shows that planting patterns and plant density
influence crop growth rate and harvest index (Rasekh et al.,
2010).

Plant layout and plant density influence canopy architecture
which then influences radiation interception and absorption
of CO; which will be converted into carbohydrates. The
higher the carbohydrates produced, the higher the harvest
will be. The canopy formed due to differences in planting
layout will affect the interception and utilization of solar
radiation in corn plants, this will result in photosynthesis
running less well and reducing grain yield (Valadabadi and
Farahani, 2010; Duncan et al., 2018). A larger plant
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population, with appropriate layout arrangements and
paying attention to canopy architecture will increase corn
grain yield. Corn grain yield is influenced by the number of
plants per unit area, the number of cobs per plant, the
number of seeds per cob and the weight of seeds per ear
(Gozubenli et al., 2004).

In a row planting layout, it is still possible for the corn plant
canopy to grow freely and receive maximum sunlight. In a
single row plant layout, the population produced per unit
area is smaller than in other treatments. Apart from
population differences, in a single row planting layout the
empty space between corn plants is wider, this can result in
a greater evapotranspiration rate and more water and
nutrient loss. A high population will produce higher yields,
but competition between plants for resources such as light,
nutrients and water must be considered (Onat et al., 2017;
Zhang et al., 2020).

The dose of NPK fertilizer greatly influences the growth
and yield of corn plants. Giving NPK 200 kg ha'* showed
the lowest results in all variables. Giving NPK at a dose of
300 kg ha and 400 kg ha showed results that were not
significantly different, therefore giving 300 kg ha' was
more economically profitable to reduce input (cost). One of
the nutrients contained in NPK fertilizer is nitrogen.
Nitrogen has an important role in plant growth, is a protein
constituent and has an important role in the photosynthesis
process. Previous research examined the role of nitrogen in
corn plants, giving the highest dose of urea, namely 520 kg
ha'l, showed higher results in the parameters of total fresh
weight, relative growth rate, leaf area index and crop growth
rate (Valadabadi and Farahani, 2010). Plant density and
nitrogen fertilizer dosage influence the growth and yield of
corn plants. Increasing the corn plant population of 88888
ha! with a fertilizer dose of 161 kg N ha can increase grain
yield by 65.16% compared to a population of 44444 ha*
with 92 kg N ha (Zeleke et al., 2018).

Apart from nitrogen, fulfilling the nutrient element
phosphorus in corn plants significantly increases the leaf
area index, crop growth rate, dry weight and yield of corn
plants (Amanullah et al., 2010). An increase in the leaf are
index value is related to an increase in leaf area, where a
wider leaf area will maximize the absorption of PAR
(Photosynthetically Active Radiation). Potassium also has
an important role in the process of photosynthesis and
absorption of CO,. In conditions of potassium deficiency,
photosynthetic activity decreases due to leaf chlorosis due
to the accumulation of reactive oxygen species (ROS) (Du
et al., 2019). Not only growth, potassium plays a role in
improving the quality of sweet corn through sugar
transportation. Potassium is needed by plants in the process
of photosynthesis, ATP production, sugar translocation,

87


https://dx.doi.org/10.22161/ijeab.92.9

Zain et al.
Various Planting Arrangements

starch production in grains, nitrogen fixation and protein
synthesis (Wolde, 2016).

To maximize yield potential and land use efficiency,
planting patterns can be carried out using an intercropping
system. For further research, it is necessary to study in more
depth the sweet corn intercropping system combined with
undercrops such as legumes. Setting the planting pattern of
corn plants intercropped with soybeans affects the uptake
and distribution of nutrients such as nitrogen (N),
phosphorus (P) and potassium (K) (Raza et al., 2019).
Nitrogen fertilization and intercropping of corn with alfalfa
showed an increase in photosynthetic characteristics,
photosynthetic nitrogen utilization efficiency (PNUE) and
yield up to 25% (Nasar et al., 2021).

V. CONCLUSION

This research shows that the ring pit planting layout method
produces higher growth and yields in sweet corn. In
addition, the ring pit planting layout produces the largest
population. To meet nutrient needs due to population
changes, an NPK fertilizer dose of 300-400 kg ha? is
required.
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