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Influence of population density on maize crop (Zea mays L.)
Influencia de la densidad de población en el cultivo de maíz (Zea mays L.)
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In order to determine the effect of population density on the hybrid HST-3235 maize (Zea mays L.) crop
yield, a study in experimental areas of the National Institute of Agricultural Sciences (INCA) was conducted. The
experiment was performed on a typical Eutric Leached Red Ferrallitic soil, under a randomized block experimental design
with three treatments and three replications. Population densities were 44,444, 74,074 and 88,888 plants ha-1. The density
of 88 888 plants ha-1 presented the highest yield. Planting depth influenced the emergence of corn seedlings, so not all of
them emerged uniformly

planting density, grains, hybrids, cob corn.

Con el objetivo de determinar el efecto de la densidad de población sobre el rendimiento del cultivo del
híbrido HST-3235 de maíz (Zea mays L.), se condujo un estudio en áreas experimentales del Instituto Nacional de Ciencias
Agrícolas (INCA). El experimento se realizó sobre un suelo Ferralítico Rojo Lixiviado típico, eútrico, bajo un diseño
experimental de bloques al azar con tres tratamientos y tres réplicas. Las densidades de población fueron de 44 444,
74 074 y 88 888 plantas ha-1. La densidad de 88 888 plantas ha-1 presentó el mayor rendimiento. Para la emergencia de las
plántulas de maíz influyó la profundidad de siembra, por lo que no todas emergieron de forma uniforme.

densidad de plantación, granos, híbridos, mazorca de maíz.
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INTRODUCTION
The dry matter production of a crop is directly related to

the use of incident solar radiation. Furthermore, to achieve
maximum yields in situations without significant
environmental limitations, crops must take full advantage of
the available solar radiation during critical moments of yield
determination (1).

In corn cultivation, plant density has important effects on
dry matter appearance of between plant and reproductive
structures. The yield of this crop shows little stability against
variations in plant density and it is highly sensitive to the
decrease in the amount of resources per plant, mainly in the
flowering period (2,3).

Consequently, adjusting the plant density is especially
critical in this crop. The choice of density is an important
factor of corn crop production within the reach of the farmer.
For this reason, it is desirable for agronomists to define the

relationships between the number of plants achieved per
unit area in a crop and their yield, for different situations of
environmental supply (4).

Population density is considered the most important
controllable factor to obtain higher crop yields. In corn, it
exerts a high influence on grain yield and agronomic
characteristics, since grain yield increases with population
density, until it reaches a maximum point and decreases
when density increases beyond this point (5). Population
density is one of the factors that the producer frequently
modifies to increase grain yield, but it does not always
establish the adequate density. If the producer uses a
population density greater than the optimal one, it increases
the competition for light, water and nutrients, which causes
a reduction in root volume, cob number, quantity and quality
of the grain per plant and increases the frequency of root
and stem rotting, which favors lodging (6). On the contrary,
low population densities cause problems with weeds or soil
waste (7).
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The relationship between grain production and population
density is complex, because the best response in grain yield
varies according to soil condition, climate, cultural practices,
and genotype (5). The International Maize and Wheat
Improvement Center (CIMMYT, according its acronyms in
Spanish) suggests optimal stocking densities of 65,000 plants
ha-1, for tropical maize genotypes with a plant height greater
than 2.4 m (8). Work carried out on population densities in
seasonal low corn hybrids, in humid tropics, showed that
when increasing the density from 50,000 to 62,500 plant ha-1,
they obtained the highest grain yield, since it increased by
0.30 t ha-1 (9). It was also reported that the yield increased
0.6 t ha-1, when increasing the population density from
60,000 to 70,000 plants ha-1 (10). Several studies indicated
that maize differed in its response to population density as a
function of genotype and environmental conditions (11).

Therefore, the objective of this study was to determine the
effect of population density on the yield of the corn crop,
which will allow identifying the density to obtain the highest
grain yield.

MATERIALS AND METHODS
The research was developed in dry period (December)

between 2017 and 2018, in experimental areas of the
National Institute of Agricultural Sciences (INCA), located
in San José de las Lajas, Mayabeque province, km 3½ of
the road to Jamaica. It has its center at 22º59'40.79 "North
latitude and 82º8'21.88" West longitude (12), at an altitude of
138 m a.s.l.

The climatic characteristics of the agroecosystem where
the experiments were carried out belong to the old Havana
climate-region, which extends to the northeast of the province
of Havana and is characterized by presenting a short rainy
period, which extends from the month from November
to March, without actually producing a typical ecological
drought (13).

The mean monthly temperature of the two years covered
by the research ranged between 17 and 27.4  ºC in
correspondence with the less hot and less rainy months
(November-April) and the hottest and rainiest (May-October),
respectively while monthly rainfall varied from 3.4 mm in the
least rainy stage to 423.0 mm in the wettest. In this variable, it
should be noted that the accumulated minors occurred in the
months of December to March, the period during which the

cultivation of corn was developed. Relative humidity behaved
between 70 to 86 %, during the experimental stage, being
higher in the rainy period.

The predominant soil in the study area is typical eutric
leached Red Ferrallitic, characterized by a medium to high
fertility (14).

Some chemical characteristics of the soil are shown in
Table 1.

This soil is moderately deep with a slightly acidic pH, it has
a low percentage of organic matter, the content of phosphorus
and calcium in the soil is high; however, potassium and
magnesium are low, which indicates that to achieve optimal
productions it will be necessary to supply them with additional
applications of nutrients to the soil, according to the needs of
the crops.

Fertilization was carried out with nitrogen at the time of
sowing at a rate of 50 kg ha-1 and 100 kg ha-1 of potassium,
using urea and potassium chloride as carriers, respectively,
it was not fertilized with phosphorus because the content
in the soil it was high (Table 1). The preparation of the soil
and the sowing was carried out as recommended in the
Technical Guide for the corn crop (15), establishing the hybrid
HST-3235 at three planting distances (Table 2).

The surface of the experimental unit was 6 x 5.4 m, spaced
1 m wide. The management of the weeds (weeds) was
carried out mechanically and manually on a weekly basis.
The experiments were conducted under a randomized block
design with three replications and three treatments.

Irrigation was by sprinkler with a spacing of 12 x 12 m. The
irrigation regime (exploitation) was with constant interval and
variable norm, Table 3 shows some irrigation data.

The methodology used to determine the number of
plants per surface, was from the average distance between
the plants in various points of the field to guarantee
representativeness, it was multiplied by the distance of the
median. This provides the area occupied by each plant,
having the total area of the field; this is divided by that used by
a plant, thus giving the number of plants on the surface (16).

where:
Sn: net area (meters)
n: distance between plants (meters) c: distances between

rows (meters)

 No .  of plants  =  Sn / n x c
 

Table 1. Some chemical characteristics of the soil.

Depth (cm) pH (H2O) OM (%) P (mg kg1) K+Ca2+Mg2+ (cmolc kg-1)
0-20 6.4 2.11 234 0.52 9.93 1.80

 
Table 2. Identification and description of treatments.

Treatments Description (Seeding Density to use)
1 Control (0.90 x 0.30 m with 2 grains by nest)
2 0.90 x 0.25 m with 1 grains by nest
3 0.90 x 0.25 m with 2 grains by nest

 
 

Yaisys  Blanco-Valdes,  Cultivos Tropicales, Vol. 42, No. 3,  July-September  2021,  https://cu-id.com/2050/v42n3e08

2

https://cu-id.com/2050/v42n3e08


The variable evaluated was the yield (t ha-1). The sowing
depth (cm) was also determined to know how the emergence
of the plants influenced this variable. At different points of
the experiment, the soil was removed until the plant was
discovered and it was measured with a millimeter ruler from
the mesocotile to the last leaf and the plant height (m). It was
measured from the base of the stem to the last node where
the flower is inserted, the average was taken for each plot,
70 days after emergence, 30 plants were taken at random,
within the useful plot. The data obtained were statistically
processed and analyzed, using the double classification
analysis of variance and, when necessary, Duncan's multiple
range test was performed at 5 % probability.

RESULTS AND DISCUSSION
Comparison of planting densities

A count of total plants at harvest was made to determine
the plant density (Figure 1). The individual analysis by
planting density had significant differences with respect to
plant density. The best treatment was planting density 0.90 x
0.25 m with two grains per nest, with a plant density of 88 888,
being significantly different from the other two densities of
74 074 and 44 444 plants ha-1.

The relationship between grain production and population
density is complex, since the best response in grain yield
varies according to the condition of the soil, climate, cultural
practices and genotype (5). The International Maize and
Wheat Improvement Center (CIMMYT) suggests optimal
stocking densities of 65,000 plants ha-1 for tropical maize
genotypes with a plant height greater than 2.4 m (8). Studies
carried out on population densities in maize hybrids, under
seasonal conditions in the humid tropics, showed that by
increasing the density from 50,000 to 62,500 plants ha-1,
an increase in grain yield of 0.30 t ha-1 was obtained (9).

It has also been reported that the yield increased 0.6 t
ha-1, by increasing the population density from 60,000 to
70,000 plants ha-1 (10). Several studies report differences in
the response of maize to population density, depending on
the genotype and environmental conditions (11), results that
coincide with those obtained.

Maize (cob) crop yields

Table 4 shows the yield of corn in young cobs and in grains.
The consumption of corn in Cuba is generally done when
the grains are in their "tender" state. This method has the
advantage of freeing the surface before the end of the crop
cycle and allows to advance the entry of the new crop and,
with it, the coefficient of rotation (17) is raised.

With respect to the sowing distances 0.90 x 0.30 m with
2 grains per nest and 0.90 x 0.25 m with 2 grains per nest. The
answer was in correspondence with what was stated by what
was raised (18), when indicating as successful productions of
young cobs, above 9 t ha-1; not being so for 0.90 x 0.25 m with
1 grain per nest.

Table 3. Norm applied according to space to 3.0 BAR.

Number of irrigation Date Time of irrigation (hours) Norm applied according to space to 3,0 BAR
(mm) (m3 ha-1)

1 1st tenth/December/2018 1 15 146,5
2 2nd tenth/December/2018 2 29 293
3 3th tenth/December/2018 2 29 293
4 1st tenth/January/2019 2 29 293
5 2nd tenth/January/2019 2.5 37 366,2
6 3th tenth/January/2019 2.5 37 366,2
7 1st tenth/January/2019 2.5 37 366,2

Note: 1 mm of the cape of water be equivalet to 10 m3 ha-1

 

Figure 1. Plant densities as a function of planting densities.
 

 
Table 4. Yield of young corn (cobs) and grains (t ha-1).

Treatments Yield of tender corn (t ha-1 )
Ear of corn grains

0.90 x 0.30 m with 2 grains by nest 9.619 b 3.237 b
0.90 x 0.25 m with 1 grains by nest 7.223 c 3.112 c
0.90 x 0.25 m with 2 grains by nest 11.800 a 4.971 a

The means followed by different letters, in the column, for each variable in joint analysis, differ from
each other with the significance level of 0.05 probability, according to Duncan's test (1955). *** P˂0.001
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The production of green beans without bracts (49 %)
and corncob (34 %) corresponds to the expected results,
since there is a coincidence with the production of cobs.
Furthermore, it coincided with the range of production
normally obtained in Cuba, for the green grain production
indicator (19,20), which is considered good if grain production
is above 3.5 t ha-1; the yield obtained was in correspondence
with those achieved in other investigations, where a maize
hybrid with different planting densities was used (15).

The grain yield ranged between 3, 112 and 4,971 t ha-1.
The highest yield of grain and cobs was obtained with 0.90 x
0.25 m with 2 grains, when compared with the production
control most used in productions; while the lowest yield was
presented with the density 0.90 x 0.25 m with 1 grain per nest.

On the other hand, the height of the cob varied between
0.92 and 1.23 m, which could be in correspondence with the
depth of sowing that was not uniform (Figure 2), which caused
that all the seedlings did not emerge at the same time as
shown in Figure 3.

The treatments with the highest population densities were
those that showed the highest height of the upper cob (AMS),
this indicator shows great importance, since the height of the
cobs can make manual harvesting difficult if it is very high. In
addition, it is more prone to lodging, due to the weight that
the stem supports (21); therefore, in this case it is good to
select the treatments that are lower in height of the upper cob
or that have a good relationship with the height of the plant.
By relating the height of the upper cob with the plant height, it
can be argued that the height of the plant is a parameter that
depends largely, on external factors of the environment. In
this sense, treatments with the highest plant height have the
shortest distances between them and the highest number of
plants per nest, which increases density and causes greater
growth (22).

It is worth noting that in the variable no significant
differences were found between the treatments. The result
shows that at low planting densities, the corn plants had less
competition for water and nutrients and vice versa, thus they
grow in search of sunlight, in this way equal in height to the
plants that were planted at low densities.

With the density of 88 888 plants ha-1, the highest height
was reached. Related to this, other authors mention that the
plant height is a parameter that depends, largely, on external
factors of the environment (22). In this sense, the treatments
with the highest plant height have the shortest distances
between plants and the highest number of plants per nest,
which increases the density and this causes greater growth.

The amount of water that the crop received during its
development was 550 mm, as a result of the rainfall recorded
during the development of the crop (337 mm) and the
irrigation applied (213 mm), which is within the appropriate
interval (500 at 1 000 mm) for cultivation of maize in the
humid tropics (23). Under conditions of the present study,
the increase in density from 44,444 to 88,888 plants ha-1

increased grain yield by 50 %. This increase was similar
to that found in other studies, in which increases in grain
yield were observed at densities greater than 50,000 plants
ha-1 (10,24).

Despite the fact that the height of the plant and the cob
height were higher than those mentioned in other studies
(25); the increase in population density was similar to that
reported by other authors (26,27).

An increase in yield was obtained at a higher population
density, so it is suggested to take into account, for other
studies, the population density of 88 888 plants ha-1 for the
hybrid HST-3235; from this it is inferred that it can support
higher population densities.

CONCLUSIONS
• The highest yields of the HST-3235 hybrid are obtained

with a planting frame of 0.90 x 0.25 m with 2 grains
per nest and a planting density that ranges between
74-88 000 plants ha-1.

• The sowing depth influenced the emergence of the corn
seedlings, so they did not all emerge uniformly.

Figure 2. Sowing depth at different points of the experiment (cm)
 

Source: Authors
Figure 3. Influence of planting depth on seedling height
after emergence.
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