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ABSTRACT

Objective: To evaluate the productive response of the maize variety H-Ame 15 in the soil and climatic
conditions of the Horquita Agricultural Company.

Design/Methodology/Approach: an experimental investigation was carried out at the “La Prosperidad”
farm during the cold and spring sowing seasons from January 2022 to June 2024. A simple randomized
experimental design with five replications was conducted, and analysis of variance (ANOVA) simple
classification was applied. The statistical software IBM SPSS® Statistics version 21.0 was utilized in all
instances. Plots measuring 60 m? were established for the evaluation of crop growth, development and yield
variables. The study area was characterized in its main components: soil, climate, crop and irrigation system.
The irrigation regime was applied to reduce the number of irrigations in both seasons, taking advantage of
rainfall and applying irrigation at the right time based on soil moisture monitoring. The morphoagronomic
behaviors was evaluated and the crop yield was determined for each plot in both sowing seasons. The maize
variety used was H-Ame 15, which was sown with a 0.90X0.25 m spacing. The area is serviced by the electric
center pivot machine No. 2, Western model, with 5 towers, irrigating an area of 30.7 ha. For the study, 5 plots
of 60 m” (10 m long by 6 m wide) were established to evaluate growth, development, and yield variables of
the crop, arranged in a completely randomized design. For each plot, 40 plants (8 per row) were taken as the
experimental unit.

Results: The study’s primary findings indicated that the soil, climate, and irrigation system characteristics of
the region are conducive to successful maize cultivation.

Findings/Conclusions: The morphoagronomic behavior exhibited by the maize variety H-Ame 15
demonstrated a high degree of adaptability to the soil and climatic conditions of the La Prosperidad farm,
with yields exceeding 9 t ha™! during the winter season.

Keywords: Planting time, morphoagronomic, irrigation regime, yield.

INTRODUCTION

Maize (Zea mays L.) is the domesticated form of the Mexican wild grass known as

teocintle (Zea mexicana L.), and it has the greatest potential for genetic yield improvement
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among cereal crops. This cereal meets the food needs of humans and animals, making it
a key strategic crop worldwide. It is widely grown across various tropical, subtropical, and
temperate regions of Asia, Africa, Europe, and the Americas (El-Sayed et al., 2021; Sahoo
et al., 2021).

Globally, maize is one of the oldest and most widely produced crops, with a production
of 1,194.8 million tons, surpassing wheat and rice. Although it ranks second in planted
area, with approximately 140 million hectares across 135 countries, its international trade
exceeds 90 million tons annually, with the United States, Brazil, Argentina, and Ukraine
being the main exporters (Gonzdlez et al., 2020; USDA, 2021). The increasing global
demand for this crop shows no signs of slowing down in the coming years.

In contrast, Cuba faces significant challenges in its domestic maize production.
Maize is of vital importance for import substitution, as it is used for human and animal
consumption and as an associated crop in agricultural systems (Ferro-Valdes et al., 2023).
However, despite its relevance, domestic production has shown a downward trend in
recent years due to factors such as limited access to modern agricultural technologies,
low-quality seeds, and insufficient irrigation infrastructure. According to the National
Office of Statistics and Information (ONEI, 2023), only 167,000 tons of maize were
produced in 2022, with an average yield of 1.76 t ha™!, far below the national demand
of 700,000 tons per year.

Maize exhibits considerable genetic diversity, a result of millennia of selection by
farmers to adapt it to diverse environmental conditions and cultural needs. The exchange
of seeds among farmers and their continuous adaptation have generated local biotypes and
cultivars that meet specific needs. This selection process has led to the creation of materials
adapted to both new demands and producer preferences (Guevara & Mariaca, 2023).

In Cuba, the morphoagronomic variability of maize has been extensively studied
(Fernandez, 2009). However, due to the allogamous nature of maize, natural hybridizations
frequently occur, generating new genetic variations adapted to specific conditions. This
underlines the need for periodic surveys and evaluations of this variability.

Agronomic and morphological descriptions of crops are essential for farmers to develop
efficient production systems, determine optimal planting times, and establish appropriate
plant density and agronomic management practices, thereby ensuring maximum yield and
economic efficiency according to soil and climatic conditions.

One of the main strategies to increase maize yields has been the use of simple hybrids.
In Cuba, national production is largely based on conventional varieties, well adapted to
tropical conditions and characterized by their tolerance to pests and diseases (Téllez et
al., 2021).

Given the ongoing challenges in maize production, the development of transgenic
hybrids, such as H-Ame 15, which resist fall armyworm (Spodoptera frugiperda) and
herbicides, provides a promising solution to increase maize yields in the country. Therefore,
the general objective of this study is to evaluate the morphoagronomic behavior and yield
of the H-Ame 15 variety under the edaphoclimatic conditions of the Horquita Agricultural

Enterprise with an irrigation regime.
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MATERIALS AND METHODS

This experimental research was conducted at the ‘La Prosperidad’ farm of the Horquita
Agricultural Enterprise, located at 22.16796° N and 80.72754° W, near the town of Mijalito
in the municipality of Abreu, Cienfuegos Province (see Figure 1). The study spanned from
January 2022 to June 2024. The maize variety used was H-Ame 15, which was sown with
a 0.90X0.25 m spacing. The area is serviced by the electric center pivot machine No. 2,
Western model, with 5 towers, irrigating an area of 30.7 ha. For the study, 5 plots of 60
m? (10 m long by 6 m wide) were established to evaluate growth, development, and yield
variables of the crop, arranged in a completely randomized design. For each plot, 40 plants
(8 per row) were taken as the experimental unit. The results were tested for normality and
homogeneity of variance using the Kolmogorov-Smirnov and Levene tests, respectively.

The study area was characterized by considering the behavior of climate, soil, crop,
and irrigation system variables, all of which impact the growth, development, and yield of
the crop. Climate data were obtained from the automatic weather station and rain gauge

installed in the study area, both used to monitor climatic variables (Figure 2 a, b).

Figure 2. Illustrate the installation of automatic station (a) and rain gauges (b) for the purpose of monitoring
climatic variables. Source. Photograph taken by the first author.
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The soil of the farm falls within Group IIA, typified by Red Ferrallitic characteristics,
thereby offering optimal conditions for the cultivation of maize (Herndndez et al., 2019).
The soil’s texture is clayey, with an effective depth of 1.20 m, exhibiting a flat relief and
adequate internal drainage.

The soil was prepared in accordance with the recommended practices, involving
plowing, harrowing, crossing, a second pass of the harrow, hoeing, and furrowing. The
entire process, including the preparation and planting stages, was mechanized. At the
time of planting, the soil was found to be in optimal condition. The seeder employed was
the JUMIL JM2570 PD SH, which was meticulously calibrated to dispense four seeds
per linear metre, a strategy that was predicated on the assumption that the germination
rate would exceed 80%. To further characterize the soil, samples were taken to the testing
laboratory at the Cienfuegos Environmental Studies Center.

In order to characterize the irrigation system, the machine, its nozzle distribution
and the pluviometric evaluation and irrigation uniformity according to Cuban standard
ISO 11545 were observed. The operational characteristics of the irrigation system are
delineated in Table 1.

To evaluate the morphoagronomic behavior of the maize crop (variety H-Ame 15) in
the study area during two seasons (spring and cool), the following variables were measured:
germination percentage, determined through preplanting trials; plant density per linear
meter; and root depth, assessed through the meticulous collection of plant samples at
various temporal points. The appearance of the first male flowers was recorded on the
15th day after planting for analysis purposes. Days to the onset of female flowering were
recorded on the day when the first female flowers were observed. Days to the completion
of male flowering were noted when 100% of the plants had emitted their male flowers, and
the same methodology was applied for days to the completion of female flowering.

Additional measurements included stem diameter, measured with a caliper, and ear

height, measured from the soil surface to the base of the ear using a tape measure. Plant

Table 1. Technical specifications of the machine.

Parameters Descripcion
Type ofirrigation machine Center pivot
Model Western
Number of towers (u) 5
Machine radius (m) 312.6
Irrigating area (ha) 30.7
Supply source Water table
Maximum speed of the last tower (m.min_l) 3.26
Flow rate delivered (Ls™") 39.47
Minimum time to make a turn (at 100%) (h) 9.21
Maximum time to make one turn (at 3%) (h) 306.99
Minimum irrigation rate (mm) (at 100%) 4.26
Maximum watering rate (mm) (at 3%) 142.08

Source. Own elaboration with data from the irrigation machine catalog.
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height was recorded at 7, 30, 45, and 60 days after planting, measuring from the soil
surface to the insertion of the last leaf. Finally, the harvest date was documented.

The productive response of the maize crop (H-Ame 15 variety) was evaluated
according to the methodology of the International Maize and Wheat Improvement Center
(CIMMYTT, 2012), using the following variables: number of ears per plant, determined by
counting the ears on each plant; length of the fresh ear, measured at harvest using a tape
measure to determine the length of selected ears; number of grains per ear, calculated
by counting the number of grains per row and summing the totals; average ear weight,
obtained by individually weighing each ear from each plant at the time of harvest; and
grain weight, determined by taking three samples of 100 grains per ear and weighing them.
A descriptive statistical analysis and one-way analysis of variance (ANOVA) were performed
on the morphoagronomic and yield variables using the SPSS processor, version 21.0.

The climate during the study period provided optimal conditions for maize cultivation
throughout both seasons, as shown in Table 2. However, wind speed negatively impacted
irrigation uniformity, with average values exceeding 2 m.s ! which is the maximum
permissible limit for uniform sprinkler irrigation application. All stages of crop development

occurred within the optimal range for each variable affecting growth, as outlined by Lopez

and Gil (2011).

Soil characteristics

The key findings of the laboratory analysis of the soil samples taken at the farm are
outlined in Table 3. The analysis revealed that the organic matter content ranged from
2.9 to 3.9%, indicating that this soil property is not a limiting factor for maize cultivation.
Additionally, the pH levels were found to be slightly alkaline in all samples, suggesting
that this is not a limiting factor for maize cultivation. Phosphorus content is high, while
potassium content is low. Although potassium is essential for the optimal development
of maize, its demand is not as high as that of other nutrients such as phosphorus and
nitrogen. However, ensuring an adequate presence of potassium in the soil remains crucial
for sustaining healthy plant growth and attaining optimal crop yields (Gavilanez, 2022).

According to the criteria established by Lépez and Gil (2011), maize requires well-
drained, deep, medium-textured soils, with optimal calcium levels and a pH range of 6
to 7. The ideal soil moisture content should be maintained between 70 and 75% of field

capacity.

Table 2. Behavior of the climate variables in the study periods.

Cold Sowing Spring Sowing
Month Min Max PII{JII:it:l‘iI:y w“l_dl Month Min Max I-lI{:::it(li‘iItey Wln_c%
Temp (°C) (%) (m.s™") Temp (°C) (%) (s )
January 19.2 28.4 84.0 1.7 July 22.2 33.4 79.0 5.8
February 17.3 28.8 88.0 1.8 August 22.3 33.3 81.0 5.1
March 19.0 30.2 77.0 3.0 September 22.1 32.5 83.0 49
April 21.5 31.3 67.0 5.1 October 20.8 31.6 83.0 6.5
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Table 3. Some chemical characteristics of soil.

Plots OM (%) pH P (mgkg ) | K (mgkg))
Tl 3.4 7.41 510.0 0.210
T2 3.6 7.53 560.0 0.220
T3 2.9 7.57 420.0 0.210
T4 3.8 7.20 450.0 0.210
T5 3.9 7.76 540.0 0.220

Note: OM (%) - Organic matter percentage; pH - Hydrogen potential; P (mg.kg_l) -
Phosphorus in milligrams per kilogram; K (mg.kg_l) - Potassium in milligrams per
kilogram. Source. Environmental Testing Laboratory (CEAC).

Irrigation plays a fundamental role in maintaining soil moisture levels, as rainfall is
not sufficient to meet the plant’s water requirements, potentially leading to significant
production losses. The volume of effective rainfall (238.8 mm in the cold planting
campaign and 309.7 mm in the spring planting campaign), as shown in Figure 3, falls short
of meeting the water demands. According to Duarte ez al. (2015), the demand for dry grain
1s 580 mm. This study provides a case in point, highlighting the importance of irrigation
in Cuban agriculture. Given the irregular spatial and temporal distribution of rainfall in
Cuba, which on average does not exceed 1350 mm per year, it is impossible to achieve
maize production without irrigation.

The irrigation system has been shown to maintain its technical characteristics (see Table
1) of design, as evidenced by observations of'its operation and subsequent evaluations. The
pluviometric evaluation demonstrated that it maintains its uniformity and distribution
parameters of design, which are regarded as excellent according to the criteria of Montero
(2005), as cited by Pérez et al. (2020) (Figure 4). These criteria establish that a CU of 85%
is considered excellent. Furthermore, it irrigates with good quality level parameters, such
as distribution uniformity and the coefficient of variation of the delivered sheet. These
parameters are higher than those reported by Pérez et al. (2020) in the Western 4 and 9
machines of the Horquita Company itself, which reached values of 77.0%, 5.0% and 82.4%
of CU, respectively. In contrast, Lopez et al. (2019) reported values ranging from 77.30%
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Figure 3. Recorded and effective rainfall in both sowing periods.
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Figure 4. Rainfall Assessment of the Irrigation Machine. Source: Pluviopivot Program.

to 82.8% in a study conducted on six centre pivot machines operated by the Cuba Soy and

La Cuba de Ciego de Avila Companies.

Irrigation Regime Applied

For the crop to reach its productive potential, soil moisture must be maintained
within optimum limits. Rainfall alone is insufficient, and irrigation ensures the necessary
supplement of moisture that does not naturally reach the soil. It is crucial to apply irrigation
at the precise moment and in the required dose based on soil moisture dynamics. This was
achieved by applying the farm’s irrigation regime.

During the spring planting season, the total water consumption of the crop reached
565.6 mm, of which 45.2% (255.9 mm) was provided by irrigation to supplement the
rainfall, necessitating the application of 19 irrigations throughout the entire crop cycle,
as shown in Figure 5. The reported rainfall utilization rate is higher than that reported by
Gallardo ez al. (2018) in Ciego de Avila province, in a study on the impacts of agricultural
drought on maize and bean crops in the agricultural areas of the Venezuela municipality.

During the winter season, which corresponds to the period ofleast rainfall in Cuba, there
were nine rainfall events, each with variable volumes and spaced at regular intervals. These

Irrigation depth (mm)

Tuly August

Irrigation date

Figure 5. Irrigation regime applied in the spring planting season.
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events contributed a total of 359.6 mm, with 66.4% of this volume classified as effective. In
addition to these rains, 17 irrigations were applied to meet the water requirements of the
crop, as illustrated in Figure 6, resulting in a total rainfall of 264 mm.

Good irrigation management based on the moisture balance and the implementation
of the farm irrigation regime ensured that the crop did not see its productive potential

limited by maintaining soil moisture within the limits of optimum humidity.

Morphoagronomic behavior of the maize variety H-Ame 15

The principal variables used to describe the crop’s morphology demonstrated satisfactory
performance across both planting seasons. For plant height, stem diameter, and ear height,
higher values were observed during the cold season. In contrast, variables related to the
onset and cessation of flowering indicated an earlier initiation and completion of both male
and female flowering during the spring season.

In terms of resistance to lodging, 40% of the plants exhibited lodging during the spring
season, likely due to a meteorological event characterized by heavy rainfall and strong
winds, which is typical of spring in Cuba. No lodging was observed during the cold season.

Additionally, during the spring season, both male and female flowering phases began
and ended earlier. The statistical analysis of the morphoagronomic variables, as shown in
Table 4, reveals no significant variability between the plot means across the two planting
seasons.

The sampling process failed to detect the presence of the main crop pest, the codling
moth (Spodoptera frugiperda Smith), as well as other noctuid lepidoptera. This finding aligns
with the conclusions of Téllez et al. (2021), who emphasised that Among the properties of
the single hybrid H-Ame 15 are resistance to the codling moth and tolerance to herbicides
through the expression of toxins from the vip3Aa20 and crylFa genes originating from
Bacillus thuringiensis (Bt). The tolerance to glufosinate-ammonium herbicides is attributable
to the expression of the enzyme Phosphinothricin N-acetyltransferase, which is encoded by
the pat gene originating from Streptomyces viridochromogenes.

The phytosanitary and nutritional status of the crop, as illustrated in Figure 7, is the

result of the care provided and its adaptability response.

Irrigation depth (inn)

Tamary | February | - March l April

Irrigation date

Figure 6. Irrigation regime applied in the cold planting season.
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Table 4. Descriptive statistics for morphoagronomic characteristics of H-Ame 15 in two sowing seasons.

Variables N Minimum Maximum Mean CV (%)
GP 10 88.0 94.0 90.5 2.2
PA 10 2.6 2.9 2.7 3.6
SD 10 36.1 43.6 40.5 6.1
DMF 10 53.0 59.0 55.5 3.4
DFF 10 55.0 65.0 59.5 6.5
FFM 10 61.0 70.0 66.0 5.2
FFF 10 66.0 78.0 71.5 5.6
FEH 10 1.1 1.5 1.3 10.5

Note. GP: germination percentage; PA: plant height; SD: stem diameter; DMF: days to the onset of male
flowering; DFF: days to the onset of female flowering; FFM: days to the end of male flowering; FFF: days to
the end of female flowering; FEH: first ear height; CV, coefficient of variation.

Figure 7. Maize plants from the experiment. Source. Taken by the autor.

Productive response of maize variety H-Ame 15 under soil and climatic conditions
of La Prosperidad farm.

Number of ears per plant. The number of ears per plant varied, with a random sample
of 10 plants per plot in two seasons demonstrating the variety’s capacity to produce more
than one ear of commercial value per plant (Téllez et al., 2021). This finding suggests
potential for further study, as in several plants, up to a fifth cob was observed, although
few developed due to the necessity of suspending irrigation during fruit development for
reasons of crop timing. Téllez et al. (2021) state that this variety can present between one
and two ears per plant. In three of the five plots, the cold season showed a greater number
of cobs per plant (Table 5), supporting the hypothesis that this season yields the best results
for this crop.
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Table 5. Number of cobs per plant in cold and spring campaigns.

Plots
Season
1 2 3 4 5 Media
Cold 2.0 2.10 1.90 1.85 1.90 1.96
Spring 1.8 1.90 1.75 1.85 2.00 1.87

Tender ear length. Apart from plot 1, the remaining plots demonstrated greater ear
length during the cold planting season, thereby confirming that this is the season in which
the maize crop best expresses its morphological potential.

The average number of grains per ear was found to be higher in the spring planting
season, with an average of 529.18 grains per plant, as opposed to 518.8 grains per plant
in the cold planting season. These values exceed 480 grains per ear, which is the average
expected for the variety, according to Téllez et al. (2021), with the potential to yield 12
tha™ ",

Concerning the variables of ear weight and diameter, the cold planting season exhibited
superior performance in the former, while the spring season demonstrated the highest
mean values for the latter in two out of five plots.

Grain weight. Among the planting seasons, it was observed that the cold planting season
showed the highest values for this variable in the five plots, with an average of 29.002 g,
slightly higher than that found in the spring planting season.

As Sangoi (2001), cited by Becerra et al. (2023), observed, the relationship between
grain yield and population density is complex, as the best response in grain yield varies
according to soil condition, climate, cultural practices, and genotype.

The mean vyield obtained at harvest, with a moisture content below 12%, exhibited
values in both campaigns exceeding the national average obtained in Cuba. In recent
years, the national average has not surpassed 2 t ha™!, demonstrating a decreasing trend
since 2017, when 2.37 t ha™! was recorded, reaching 1.76 t ha™!in 2022, according to
figures from the National Office of Statistics and Informatics (ONEI, 2023).

The findings of this study indicate that the cold season yielded the highest results, with
values ranging from 9.24 to 10.89 tha™! at the plot level. In contrast, the spring season
yielded an average of 9.30 t ha™'. Although these results surpass the national yield, they
do not reach the estimates by Téllez et al. (2021), who consider that this variety can achieve
yields of 12 t.ha™",

However, the author suggests that with agro-technologies better tailored to the crop’s
demands, careful monitoring of irrigation timing and dosage, optimal use of rainfall, and
fertilization based on the soil’s actual requirements, it may be possible to achieve this
potential yield.

Table 6 presents the descriptive statistical analysis for the yield variables from the mean
values of the plots, where low variability across the different variables is observed. The
results are consistent with the assumptions of normality and homogeneity of variance, as

evidenced by the Kolmogorov-Smirnov and Levene tests.
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Table 6. Average values and coefficient of variation of performance variables.

Variables N Minimum Maximum Mean CV (%)
EL (cm) 10 17.1 229 19.1 9.4
ED (mm) 10 53.5 65.7 55.7 6.5
GPE (U) 10 485.0 585.0 523.7 6.4
GPE (g) 10 246.5 329.0 289.8 11.9
WI100 G (g) 10 26.1 30.2 28.2 4.4
GY (tha™") 10 8.7 11.0 9.6 6.9
Note. EL, ear length; ED, ear diameter; GPE, grains per ear; W100 G, weight of 100 grains; GY, general
yield.

The simple analysis of variance (ANOVA) applied to the morphoagronomic and yield
variables between the two planting campaigns studied revealed no significant differences
for stem diameter, the height of the first ear, ear length, ear diameter and yield (see Table 7).
These variables are expressed as mean * standard error for a probability of error of less
than 5% (P<0.05). Therefore, it can be concluded that neither the planting season nor the
irrigation management had a negative influence. As long as they are properly managed,
the response of these variables will be as desired.

As shown in Table 8, significant differences (P<0.05) were observed between the two
planting seasons for germination percentage, plant height, ear weight, grain weight, and the
onset and cessation of both male and female flowering. Except for germination percentage,
these variables showed higher values during the cold season.

Table 7. Simple ANOVA results (P<0.05) for yield variables in the two campaigns.

Sowing campaign SD FEH EL ED GPE oYy
Spring 39.5 (%1.3) 1.3 (*x0.1) 18.5 (x1.1) 56.3 (+2.3) 529.2 (+19.5) 9.3 (*0.3)
Cold 41.5(%0.8) 1.3 (*0.1) 19.8 (+0.2) 55.1(*0.5) 518.2 (+10.4) 9.9 (x0.3)
P-value (Levene test) 0.22 0.62 0.30 0.63 0.63 0.15

Note. SD, stem diameter; FEH, first ear height; EL, ear length; ED, ear diameter; GPE, grains per ear; OY, Overall Yield. Numbers in
parentheses represent the standard deviation of the mean.

Table 8. Results of simple ANOVA applied to morphoagronomic and performance variables.

Sowing campaign GW PH EW 100GW DMFI DFFI DMFC DFFC
Spring 91.8(x0.7) | 2.7(x0.01) | 268.4(x13.8) | 27.4(%=0.5) | 54.0 (=0.4) | 56.0 (=0.3) | 63.0(%=0.7) | 68.0(%0.5)
Cold 89.2 (x0.6) | 2.8(x0.01) | 311.3(%10.6) | 29.0(%=0.3) | 57.0(x0.5) | 63.0(=0.7) | 69.0(x=0.6) | 75.0(%0.8)
P-value (Levene test) 0.02 0.01 0.04 0.03 0.001 0.001 0.001 0.001

Note. GW, grain weight; PH, plant height; EW, ear weight; 100GW, 100-grain weight; DMFI, days to male flowering initiation; DFFI, days to
female flowering initiation; DMFC, days to male flowering completion; DFFC, days to female flowering completion. Numbers in parentheses
represent the standard deviation of the mean.
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CONCLUSIONS

The morphoagronomic behavior of the maize variety H-Ame 15 showed a total
adaptability to the soil, climate and irrigation management conditions of the La
Prosperidad farm. The H-Ame 15 maize variety achieved yield indicators higher than 9
t.ha™! with the best performance in the cold season without significant difference with

the spring planting season.
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