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The research was carried out in areas of the Base Scientific and Technological Unit, Los Palacios, Pinar del
Río, belonging to the National Institute of Agricultural Sciences, with the objective of analyze the influence of sowing
season on the agricultural yield of four soybean cultivars of Vietnamese origin in the town of Los Palacios. Four soybean
cultivars (DT-20, DT-22, DT-26 and DT-84), of Vietnamese origin, were evaluated, which were sowing on a Gleysol
Nodular Ferruginous Petroferric soil, on three different dates (December 2019, May and July 2020), corresponding to the
‟winter, spring and summer seasons”, respectively. A randomized block experimental design was used with four
treatments (cultivars) and three replicates, and crop yield and its components, shoot dry weight and harvest index were
evaluated. The results showed a variation between cultivars for the same sowing date and between seasons; in the sowing
of May 2020, the cultivars reached a higher value of the total dry mass of the aerial part, as well as of the agricultural
yield, while in the sowing of December 2019 the best results were obtained for the harvest index, and in the three sowing
dates, analyzed in a general way, the variables most associated with agricultural yield were the number of pods per plant,
the number of grains per plant and the total dry mass.

Glycine max, production, harvest index, grains.

La investigación se desarrolló en áreas de la Unidad Científico Tecnológica de Base, Los Palacios, Pinar del
Río, perteneciente al Instituto Nacional de Ciencias Agrícolas, con el objetivo de analizar la influencia de la época de
siembra en el rendimiento agrícola de cuatro cultivares de soya, de origen vietnamita, en la localidad de Los Palacios. Se
evaluaron cuatro cultivares de soya (DT-20, DT-22, DT-26 y DT-84), de procedencia vietnamita, los que se sembraron
sobre un suelo Gleysol Nodular Ferruginoso Petroférrico, en tres fechas diferentes (diciembre 2019, mayo y julio 2020),
correspondientes a las ‟épocas invierno, primavera y verano”, respectivamente. Se utilizó un diseño experimental de
bloques al azar con cuatro tratamientos (los cultivares) y tres réplicas y se evaluaron el rendimiento agrícola y sus
componentes, además de la masa seca total de la parte aérea y el índice de cosecha. Los resultados mostraron una variación
entre cultivares para una misma fecha de siembra y entre épocas; en la siembra de mayo 2020, los cultivares alcanzaron un
mayor valor de la masa seca total de la parte aérea, así como del rendimiento agrícola, mientras que en la siembra de
diciembre 2019 se obtuvieron los mejores resultados para el índice de cosecha, y en las tres fechas de siembra, analizadas
de manera general, las variables más asociadas al rendimiento agrícola fueron el número de vainas por planta, el número
de granos por planta y la masa seca total.

Glycine max, producción, índice de cosecha, granos.
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INTRODUCTION
Soybean (Glycine max (L.) Merrill) is the fourth largest

field crop by volume, a key commodity and the main
oilseed produced in the world (1). However, per capita
consumption of soybeans is expected to increase by 17 %
by 2029; therefore a continuous increase in soybean yield is
important not only for grain and animal producers but also for
consumers and global agricultural sustainability (2).

However, in order to achieve stable returns over time
or increase them, it is necessary to know what the
main factors that contribute to determine it, establish the
management basis to generate an environment of high
productivity and make an adequate selection of cultivars
in each sowing season are (3). In this sense, genotype
characteristics, different environmental and management
conditions influence crop growth, which may help to explain
variations in yield response (4).

In Cuba, despite the high demand for soybean cultivation
for different forms of processing, it has not been possible
to stabilize production (5). However, in order to strengthen
the productivity increase of this oilseed in the country, some
foreign cultivars have been introduced, specifically from
Vietnam (6), and although some attributes of these are
known, lack studies that visualize their behavior in different
ecosystems. Thus, its response to different environmental
conditions may vary according to the date and time of
sowing, hence this analysis can be suitable for detecting
its adaptability to different environments. Based on the above-
mentioned background, this research was developed with the
objective of analyzing the influence of the sowing season on
the agricultural yield of four soybean cultivars, of Vietnamese
origin, in Los Palacios locality.

MATERIALS AND METHODS
The work was carried out in areas of the Scientific and

Technological Base Unit, Los Palacios (UCTB-LP), belonging
to the National Institute of Agricultural Sciences (INCA),
located in the southern plain of Pinar del Rio province,
on a Gleysol Nodular Ferruginous Petroferric soil (7). Four
soybean cultivars from Vietnam were evaluated (DT-20,
DT-22, DT-26 and DT-84), whose general characteristics are
presented in Table 1 (8), which were sown on three dates,
December 2019, May and July 2020, corresponding to the
winter seasons, spring and summer", established for the

cultivation of soybeans in Cuba. Some chemical properties
that characterize its fertility are presented in Table 2.

Direct seeding was used manually in plots of 30 m2, with a
sowing frame of 0.7 x 0.05 m, with a seed standard of 54 kg
ha-1, to ensure 28 plants per m2. At each sowing date an
experimental design of random blocks with four treatments
(the cultivars) and three replicates was used.

The phytotechnical work was carried out as recommended
in the Technical Manual of soybean cultivation (9). It was
always ensured that there were no limitations of any kind for
plants. This ensured the availability of water throughout the
crop cycle, pest control was carried out in a timely manner
to avoid the effects thereof and developed a strict control of
herbage plants.

The values of the meteorological variables (global
solar radiation, average ten-year precipitation, maximum,
minimum and daily mean temperatures) for the period in
which the experiments were carried out are shown in Figure 1,
those obtained from the Paso Real Weather Station in San
Diego, Los Palacios, about 3 km from the experimental area.

In each experimental plot, at the time of harvest,
ten representative plants were taken at random, always
respecting the edge area, and the following variables
were evaluated:

• Total dry mass of aerial part (g) (M total)
• Number of grains per plant (No Grains)
• Number of pods per plant (No Pods)
• Number of grains per pod (No grvai)
• Mass of 100 grains (g) (M 100)
• Harvest index (HI)
• Agricultural yield (t ha-1) at 14 % moisture (Yield)

The total dry mass of the aerial part (Total M) was estimated
from the sum of the dry mass of each individual organ (stalks,
pods, grains), which were kept in an oven for 72 hours at a
temperature of 70 ºC until a constant mass was reached. As
for the number of grains and number of pods, we counted
the value of each variable in the ten plants per plot and
for the amount of grains per pod, we divided the total of
grains by the total of pods per plant. From all the grains of
the 10 plants sampled, four random samples of 100 grains
per plot were taken, which were dried to 14 % moisture
and weighed on an analytical balance (KERNPLJ e=0.01g).

Table 1. Some characteristics of the soybean cultivars evaluated.

Characteristics DT-20 DT-22 DT-26 DT-84
Yield 2.5-3.0 t ha-1 2.5-3.5 t ha-1 2.5-3.5 t ha-1 2.5-3.0 t ha-1

Sowing season Winter-Summer Spring- Summer Winter - Summer Winter - Spring
Cycle (days) 95-100 90-95 95-100 90-92
Growth habit Semi-determinated Determinated Determinated Determinated

 
Table 2. Chemical fertility and pH values of the arable layer (0-20 cm) of the soil where the experiments were carried out.

H2O (pH) Ca2+ Mg2+ Na+ K+ P2O5 OM
(cmol kg-1 soil) (mg 100 g-1 de soil) (%)

6.49 7.01 3.13 0.16 0.23 20.47 2.72
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HI was established as the ratio of the dry mass of grains
between the total dry mass of the aerial part of the plant. To
determine the agricultural yield (t ha-1), 8 m2 of the center
in each experimental plot were harvested, the plants were
threshed and the grains dried to 14 % moisture.

The averages of the evaluated variables obtained by
cultivar and date of sowing were subjected to simple variance
analysis, and significant differences between the averages
of the treatments were verified by the Tukey test at 95 %.
In the case of the total dry mass of the aerial part, the
harvest rate and agricultural yield and its components,
product of the experimental design used, the confidence
interval was calculated from the experimental error of the
variance analysis. In addition, with the data matrix obtained
(sowing date, cultivars, agricultural yield, yield components
and growth variables), a multivariate analysis of Main
Components was performed by representing a biplot. The
statistical package Statgraphics 5.0 (10) was used.

RESULTS AND DISCUSSION
The agricultural yield performance of the soybean cultivars

studied, in the different sowing dates, is shown in Figure 2. In
the three sowing dates analyzed, the cultivar DT-20 reached
the highest yield values, followed by the cultivar DT-26.
Also, on the date corresponding to the spring season" (May
2020), it was where the cultivars obtained the highest values,
which ranged between 2.7 and 3.6 t ha-1, while the lowest
values reached it in the winter season" (December 2019),
except the cultivar DT-22 which, on the date corresponding
to the summer season" (July 2020), showed a performance
lower than that obtained in December 2019, although without
significant differences.

These results differ from those described in the literature
(8), since, regardless of the time recommended for each
cultivar, it was shown that, in spring, they obtained the highest
yield values. In this sense, it is worth highlighting the response
of cultivars DT-20 and DT-26, which in all sowing dates
were superior, especially in spring, when planting is not
recommended. Also, the cultivar DT-20 obtained a yield much
higher than the maximum described in Table 1, precisely at
the non-recommended time (May 2020), with a value of 3.6 t
ha-1, while a maximum value of 3 t ha-1 has been described.

However, the rest of the cultivars did not obtain values
higher than the maximum recorded, although they showed
values lower than the minimum described, especially cultivars
DT-22 and DT-84, which reached the lowest values at times
recommended for sowing. The cultivar DT-22 obtained a yield
of 1.7 t ha-1 in July 2020, well below the value obtained on the
date corresponding to the winter season, while DT-84 at the
date of December 2019 obtained a yield of 1.3 t ha-1.

Some authors reported that soybean crop yield was
strongly correlated with the daily maximum temperature
(30 ºC) during the grain filling stage (R5-R7), i.e., high
temperatures are generally associated with a longer duration
of this period (11). The above may be related to the response
of cultivars at the sowing date corresponding to the spring
season", especially those with the best response, since
this was the time when the highest temperature values
were recorded, above 30 ºC (Figure 1), while in winter
they were the lowest and showed greater variability in
the summer". However, some studies in Cuba recommend
focusing soybean production on the summer season (12),
although no consensus has been reached, especially in
terms of exploiting certain climatic resources to enhance or
stimulate physiological processes that help to obtain a better
yield in this crop.

Figure 1. Temperatures (maximum, average, minimum) (ºC), global solar radiation (MJ m2) and precipitation (mm day) decennial
averages taken from the Paso Real San Diego Agrometeorological station during the period of experiment execution.
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This result reveals the importance of studying the
agricultural yield behavior of different soybean cultivars, for
certain environmental conditions, especially if one takes into
account what some authors with regard to the influence that
the behavior of meteorological variables may have on plant
growth and development during their cycle depending on the
sowing season (13).

When evaluating the yield components (Table 3),
differences were found between cultivars for the same sowing
date and between them. As for the number of pods and
the number of grains, the highest values were obtained by
cultivars on the date corresponding to the spring season"
(May 2020). However, although several authors define the
number of pods as an indirect component (14), together
with the number of grains, they may have been important
in the expression of yield at this sowing time. The cultivar
DT-26 achieved the highest value in the number of pods,

although without differences with respect to the cultivar
DT-20, while the latter showed the best response in terms of
the number of grains.

However, the lowest values of these variables were
obtained by cultivars in December 2019. In this sense,
previous studies related the number of pods per plant to the
prevailing temperature and photoperiod weather conditions,
since when temperatures are lower and the photoperiod is
shorter, soybean plants reach a lower height, so that they
have fewer knots, which consequently decreases the number
of pods (2). Although the influence of photoperiod was not
evaluated in this study, it should be noted that "winter" is
the shortest days of the year (9), coupled with the lowest
temperatures during the experiment period (Figure 1), which
may have had an impact on the low production of pods, while
reducing the number of grains per plant, and thus there is a
decrease in yield.

Figure 2. Crop yield (t ha-1) at 14% moisture of soybean grains planted in the three sowing dates under study.
 

 
Table 3. Response of the main yield components of soybean cultivars in the different sowing dates studied.

December 2019
Cultivars No. pods No. grains No. grvai Mass 100

DT-20 18.4-24.3 31.5-42.9 1.6-1.9 15.7-18.6
DT-22 11.2-17.1 15.4-26.8 1.4-1.6 15.4-18.4
DT-26 9.9-15.7 19.3-30.7 1.8-2.1 15.8-18.8
DT-84 5.5-11.4 6.5-17.9 1.3-1.6 11.4-14.4
Esx. 1.49 2.91 0.07 0.76

May 2020
DT-20 60.6-66.6 123.2-141.3 1.9-2.3 10.1-12.2
DT-22 51.5-57.5 101.6-119.5 1.8-2.0 11.3-13.4
DT-26 62.7-68.7 88.4-106.3 1.0-1.4 14.5-16.6
DT-84 57.7-63.7 96.4-114.4 1.5-1.9 10.3-12.4
Esx. 1.53 4.57 0.10 0.54

July 2020
DT-20 30.8-49.9 55.4-76.5 1.5-1.8 17.3-18.8
DT-22 9.5-28.6 30.9-52.0 1.9-2.3 14.8-16.3
DT-26 48.9-68.0 73.5-94.6 1.3-1.6 16.2-17.7
DT-84 47.9-67.7 71.5-92.6 1.2-1.5 16.0-17.6
SE-x. 4.88 5.39 0.08 0.38

Confidence interval at 95 % probability calculated from the mean taking into account the experimental error of the variance analysis.
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Regarding the number of grains per pod, there was
generally little variability between cultivars at all three sowing
dates. In December 2019, only cultivar DT-26 differed from
the rest of the cultivars, which showed no differences between
them. However, at the sowing date of May 2020, cultivar
DT-20 reached the highest values of this variable, while in
July 2020, the best result was shown by cultivar DT-22.

This result corroborates the literature, which highlights
that the variability in the number of grains per pod between
genotypes is due more to a genetic character than to
prevailing weather conditions (15), although it should not be
overlooked that this component can be significantly affected
by the exposure of the plant to water stress and temperature,
or the combination of both stresses, since they exert a
considerable influence during the grain filling process (2).

For the mass of 100 grains, the highest values reached by
cultivars coincided with the lowest values obtained in terms of
number of pods and grains. This result coincides with those
obtained by different authors, who highlight the relationship
that exists between the main components of yield, since as
the number of pods increases and the number of grains
decreases their mass and vice versa, which shows the level
of compensation between them (1).

On the other hand, Figure 3 shows the behavior of the total
dry mass of the aerial part of soybean cultivars at the different
sowing dates studied. It shows that the cultivars reached the
highest values in spring" (May 2020), and DT-20 obtained the
best response both in spring and at the date corresponding
to the winter" (December 2019), although without differences
compared to the cultivar DT-26 on this last date. However, at
the sowing date corresponding to the summer" (July 2020),
the highest dry mass value was achieved by cultivar DT-26,
with no differences compared to cultivar DT-20. Once again
these cultivars showed the best performance at a time not
recommended for planting.

Dates of sowing when the cultivars reached the highest
values of total dry mass coincide with the highest values of
yield, so this variable must have played an important role
in the formation process. Similar results were obtained by
other authors, who point out that the yield is positively related
to the amount of biomass produced by the plant, and the
way in which it divides it towards the various reproductive
destinations (15).

According to the literature, the effect of low temperatures
and short photoperiods can modify physiological processes
during soybean growth, such as dry mass partition (16);
therefore, the low dry mass production shown by the cultivars
in this study at the planting date corresponding to the winter
season" may be a consequence of the effect of temperatures
and photoperiod, because the lowest temperatures were
recorded during this sowing season (Figure 1), and the
shortest days of the year are shown (9).

Other investigations with different soybean cultivars, of
national origin, showed that the highest dry mass production
was obtained in spring" (17), a result corroborated by this
study. Therefore, developing studies with different cultivars
and sowing dates remains a major challenge for geneticists,
physiologists and plant technologists, all in order to increase
the biological productivity of the crop and achieve increases
in agricultural yield, that is, to increase the efficiency of the
crop in converting economically useful material on the basis
of a proper management in each of the phases, where each
component of the yield is decided.

On the other hand, when the behavior of the HI was
analyzed (Figure 4), for each of the cultivars at the different
sowing dates studied, it was possible to appreciate the
inverse relation obtained by this variable in comparison with
the total dry mass of the aerial part, since on the date
corresponding to the winter season" (December 2019), it
was where cultivars showed the highest values.

The highest efficiency in converting economically useful dry
mass was represented by the cultivar DT-26, which obtained
the best results of this variable in the three sowing dates;
however, at the date of May 2020, the cultivar DT-84 showed
the lowest efficiency, what may be related to the genetic
characteristics and response of the cultivar to conditions
prevailing during development. Regarding this variability,
other authors have shown that HI values can vary between
sowing dates for the same cultivar, and between cultivars for
the same sowing date (2); therefore, with this result it can be
inferred that, the response of cultivars to the harvest rate also
depends on the planting season.

Other authors report that high temperatures generally
result in low plant efficiency as measured by the HI, because
assimilates for growth and yield have to be used in other
physiological processes (18), this aspect that may justify the

Figure 3. Total dry mass of the aerial part of soybean cultivars at the three sowing dates studied
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low efficiency values manifested by the cultivars on the date
corresponding to the spring" (May 2020), since it is where
temperatures were highest. Similar results were reported
in other studies, which showed that HI was significantly
reduced when soybean genotypes were subjected to high
temperatures (16).

However, it is argued that the harvest rate has an inverse
relationship with the length of the crop cycle for a given
date and time of sowing (1). This statement corresponds
to the results obtained in this study, since the cultivars
showed a longer duration of the cycle at the sowing date
corresponding to the spring season", when they obtained the
lowest HI values. In this sowing season they showed values
of cycle duration between 110 and 113 days, much higher
than reported for these cultivars, especially for the DT-20 and
DT-26 cultivars that are not recommended for this season,
whereas on the date belonging to the winter season they did
not exceed 89 days.

When the degree of association between the variables
studied and yield was analyzed (Figure 5), it was observed
that those with the greatest influence were the number of
pods/plant, the number of grains/plant and the total dry mass
of the aerial part, general views for the three sowing dates
studied. This result coincides with those obtained by other
authors, who affirm that the number of pods and grains, in
a wide range of agronomic conditions, are the variables that
best explain the variability of yield (15); while other authors
give some importance to the dry mass production as an

ordered process and positively related to the expression of
agricultural productivity (18).

Research conducted for this purpose has reported that
modern soybean cultivars produce higher yields as a result
of better biomass accumulation (19). Therefore, from the
results obtained in this study, it is inferred that a pattern of
behavior should not be defined, especially when it comes to
explaining physiological responses which depend largely on
factors which cannot be managed under natural conditions,
as is the case with meteorological variables.

CONCLUSIONS
• The highest values of yield and total dry mass are obtained

by cultivars at the sowing date corresponding to the
spring season", although not recommended for this sowing
season. The cultivars DT-20 and DT-26 stand out, for
reaching higher values and in particular, the DT-20 that
reaches a yield much higher than the maximum described.

• The highest conversion efficiency of economically useful
dry mass is achieved by cultivars at the planting date
corresponding to the winter season", related to the shorter
duration of the cycle.

• In general, for the three sowing dates evaluated, the
variables that most influence the yield are the number of
pods/plant, the number of grains/plant and the total dry
mass of the aerial part.

Figure 4. Harvest index behavior of four soybean cultivars, sown on three different dates.
 

Figure 5. Association of the agricultural yield of soybean cultivars with the variables obtained in the three sowing dates studied.
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