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Abstract

In the corn crop, some challenges interfere with achieving high productivity. Technologies and research contribute to efficient solutions, including seed technology, a fundamental element for good product development. The adoption and diffusion of technologies and agricultural practices significantly affect productivity gains. The objective of this study was to compare the performance of germination test installation in corn using the vacuum system and the manual system. The experiment was conducted in a Quality Control Laboratory in Uberlândia – MG, Brazil. It consisted of two stages. First, a vacuum system was built for this purpose to install the test. A manual system was used in the second installation, using acrylic seed counters. The hypothesis was that the vacuum system is more efficient in test installation capacity since equipment makes the procedure faster. However, flaws in the vacuum instrument were found, requiring adjustments or technological improvements. The results showed that the vacuum system reduced the capacity to install the germination test for corn seeds by 60% compared to the current manual installation system. The system was disapproved, requiring adjustments to reduce the test installation time, ensuring greater efficiency and speed. With this, suggestions for adaptations and improvements to the system will be forwarded.
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INSTALAÇÃO DO TESTE DE GERMINAÇÃO EM SEMENTES DE MILHO (Zea mays): COMPARAÇÃO DOS SISTEMAS A VÁCUO E MANUAL
Resumo

Na cultura do milho são observados desafios que interferem no alcance da alta produtividade. Tecnologias e diversas pesquisas contribuem com soluções eficientes, entre elas a tecnologia de sementes, elemento fundamental para o bom desenvolvimento da produção. A adoção e difusão de tecnologias e práticas agrícolas resultam em efeitos significativos para ganhos de produtividade. O objetivo deste estudo foi comparar o rendimento de instalação do teste de germinação na cultura do milho, utilizando-se o sistema a vácuo e o manual. O experimento foi conduzido em um Laboratório de Controle de Qualidade, situado na cidade de Uberlândia - MG. Constituiu-se em duas etapas. Na primeira, para a instalação do teste, aplicou-se um sistema a vácuo construído especialmente para esta finalidade. Na segunda instalação, foi utilizado o sistema manual, empregando-se contadores de sementes em acrílico. A hipótese apresentada foi que o sistema a vácuo é mais eficiente quanto à capacidade de instalação do teste, visto que a utilização de equipamentos torna o procedimento mais rápido. Porém, foram encontradas falhas relacionadas ao instrumento a vácuo, sendo necessários ajustes ou mesmo melhorias da tecnologia. Os resultados evidenciaram que o sistema a vácuo reduziu a capacidade de instalação do teste de germinação para sementes de milho em 60%, quando comparado com o sistema atual de instalação manual. O sistema foi reprovado, necessitando de ajustes para reduzir o tempo de instalação do teste, garantindo maior eficiência e rapidez. Com isso, serão encaminhadas sugestões de adaptações e melhorias no sistema.
Palavras-chave: agrotecnologia; classificação; laboratório; produtividade. 

Introduction
Brazil stands out in agricultural and seed production, especially corn and soybeans. This situation is favored by the country's climatic conditions and advanced technologies (BORGES et al., 2019).
The 2017/2018 crop survey listed 298 corn seed cultivars, including corn grain, silage, popcorn, and sweet corn. Of these, 195 were transgenic, 103 were conventional, meaning 65.43% of the cultivars were transgenic, and only 34.56% were conventional. Using seeds with transgenic events is becoming increasingly common in Brazilian crops because of the lower production cost or the practicality in crop management (PEREIRA FILHO; BORGHI, 2018).
In Brazil, corn is an agricultural crop considered strategic due to its versatility, presenting characteristics such as broad adaptability and productive stability (MIRANDA et al., 2021). In addition, the cereal expanded the country's agribusiness, corresponding to a considerable part of Brazilian grain production.
Corn is used as a raw material in several production chains, used in the manufacture of animal feed and the food industry (consumed in natural or processed in the form of flour, flakes, popcorn, germ, and starch). It is also used for beer fermentation, biofuel production, food coloring, and the pharmaceutical industry (SANTOS; BALDONI, 2018).
Due to the importance of this cereal, several companies and government agencies have developed seed technologies to increase production levels. Thus, tests are carried out to identify seed lots to reach a certain quality standard (SANTOS; BALDONI, 2018). Seed quality is crucial because it determines good production and crop success (MACIEL; TUNES, 2021). Therefore, it is necessary to evolve technologies and knowledge and develop research and innovations that improve productivity, proposing efficient solutions (CONTINI et al., 2019). 
In this context, seed technology is a fundamental element for production development. Seed technology comprises techniques whose objectives are to adapt or create specific techniques, improving the seed's quality standard (BIANCHETTI, 1981).
The analyses express the real potential of the seeds, guaranteeing a better improvement and refinement of management and production techniques with high quality, resulting in crop competitiveness and increased production (FRANÇA-NETO et al., 2016).
Laboratories are essential for production growth, responsible for identifying the quality of the marketed product (BORGES et al., 2019). Initially, quality was evaluated visually, and with the intensification of trade, problems arose due to the contamination of the lots, reducing the commercial value. These practices stimulate the need for detailed quality examinations and the creation of laboratories to certify this quality (UFSM, 2020a).
Among the tests performed in the laboratory, the germination test is the one that stands out the most in the world community of researchers in seed technology. It is the most used by manufacturing companies and is mandatory in certification processes for marketing purposes (PERES, 2010). This standard is out among the techniques related to seeds due to its importance in choosing the cultivar to be implanted in the crop. The germination analysis guarantees the quality of the seed and, consequently, the crop's success (MACIEL; TUNES, 2021).
In support of carrying out numerous germination tests in a laboratory, there is the vacuum counter, which is probably the fastest and most common way of counting seeds in the laboratory. It is made of an acrylic (or sometimes metal) plate, perforated with 25, 50, or 100 holes, and attached to a second hollow plate. The seeds are spread loosely in a 1 cm deep layer to use the vacuum counter. Next, the counter is placed over the seeds, activating the equipment. With the vacuum still on, the seeds can be transferred to a weighing pan or germination vessel (KARRFALT, 2008).
This study is justified due to the high demand for analysis in seed quality laboratories. There is a need to perform high volumes of analysis; therefore, automating processes is essential.
Thus, the objective of this study was to evaluate the performance of the installation of the germination test in the corn crop using vacuum and manual systems to seek the most efficient seed distribution on the counting plate, with efficiency concerning the time for installation of the germination test.
Material And Methods
The experiment was conducted in a Quality Control Laboratory in Uberlândia - MG, Brazil. Seeds of several corn hybrids produced in the 2021 summer crop were used.
Currently, the test can be installed using the manual or vacuum system. In the manual system, counting is performed using acrylic counters with a capacity of 50 seeds. In the vacuum system, counting is performed with perforated plates with 100 micro holes.
In the present work, the experiment consisted of two stages. First, for the installation of the test, a vacuum system built especially for this purpose was used (Figures 1 and 2).
Figure 1. Vacuum system for counting seeds
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Figure 2. A) Vacuum system for seed counting (seed suction). B) Vacuum system for seed counting (seed release on the plate).
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The manual system was used in the second installation using acrylic seed counters. Germination can be tested in the laboratory. The seeds are submitted to laboratory analysis under controlled conditions that allow regular, rapid, and complete germination of samples of certain species to determine the maximum potential of a lot. The procedure helps compare quality and estimate the value for sowing in the field (UFSM, 2022b). The test was conducted as shown in Figures 3 and 4.

Figure 3. Manual system for counting seeds.
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Figure 4. Tray for manual seed counting.
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In the laboratory, temperature, humidity, oxygenation, and luminosity are adjusted to meet what the seed needs to develop (ISTA, 2022). Then, these conditions are standardized to reproduce and compare results (UFSM, 2022b). 
Three pairs of seed analysts who have worked at the company for at least two years in the testing facilities sector were dimensioned, all with experience in the manual installation and who showed better resourcefulness in using the vacuum system. Each pair performed the assembly of 30 repetitions in each system. The performance of employees was timed (in seconds), using time as a variable to verify the ability to install the test on each system.
The t-test was performed at 5% significance, first considering pairs to compare the means between the systems. Then, an evaluation of events and failures was carried out for greater detailing of the potential or not of the systems.
Results And Discussion
Laboratory tests determine seeds lot quality, certify their value for sowing, provide data for labeling and inspection of trade, establish bases for purchase and sale, as well as for distribution, storage, or disposal, evaluate the processing, help research and genetic improvement and identify problems and possible causes (UFSM, 2020a). In addition, the growth in seed production resulted in an increase in laboratory demands for analysis due to the need to issue a bulletin for commercialization and internal quality controls (BORGES et al., 2019).
Germination is the ability to originate a new seedling, the embryo being the essential structure to generate the root system, coleoptile, and shoot. In the laboratory, it is ideal to obtain good development in the field under favorable conditions (MACEDO et al., 2016). According to the International Seed Testing Association (ISTA, 2022), it is characterized by the emergence and development of a normal seedling that presents its essential structures well-developed in ideal conditions for carrying out the test.
Regarding the test, Karrfalt (2008) comments that sowing can occur in several ways, using manual or automated ways. Although, for example, seeding plates or vacuum counters can be used, both must allow for uniform seed spacing.
The t-test analysis to compare the germination evaluation's average installation time indicated a time difference (in seconds) between the systems (Table 1). It was possible to notice that the time of the manual system differs statistically from the vacuum system, requiring a shorter installation time using the first Equating the manual method with the vacuum system.
Table 1. Installation time in seconds of the systems using the general averages of the pairs.

	Systems
	Average

	Manual
	177,7a

	Equipment
	320b


Generally, in the manual system, it takes 7 to 22 days to obtain results that can be used by seed suppliers and/or buyers (ISTA, 2022). Karrfalt (2008) explains that a lot with 80% germination can produce just 80 plants per 100 seeds. Therefore, if 100 plants are needed, at least 125 seeds should be sown (100/0.80 = 125).
In terms of efficiency and practicality, the counting tray may be slower than manual counting, depending on the size and shape of the genetic material. The manual tray is like the counting tray, but the former is emptied by sliding the lower tray instead of turning it over. Using either method can change the counting speed considerably for uniformly sized seeds. 
It was observed that there was also a significant difference between the systems (Table 2), analyzing the pair average between the techniques. For both pairs, the manual method required a shorter installation time. It was observed that pair 1 performed better in installing the manual germination test and using the equipment, followed by Class 2 and Class 3, respectively. This situation can be justified because pair three was formed by new collaborators, and pair one by more experienced collaborators.
Table 2. Average assembly pairs in seconds between counting systems. Source: Authors, 2022.
	Pairs
	Manual
	Equipment

	Pair 1
	134,7a
	216,9b

	Pair 2
	166a
	309,5b

	Pair 3
	232,4a
	432,2b


It is essential to compare the two systems to verify the viability of each. This comparison is beneficial when applied to companies dedicated to developing technologies, research, seed production, and quality analysis of the lots that will be marketed. Furthermore, automation is already recurrent in agriculture, as an example, the use of image fissure assessments (MONTEIRO et al., 2022) in recognition of vigor (ABUD et al., 2017; GONÇALVES et al., 2017; MARCHI; GOMES JUNIOR, 2017; SILVA et al., 2017b; TRUJILLO et al., 2019; PEREIRA et al., 2020; RODRIGUES et al., 2020; REGO et al., 2021), of morphology and physiological potential through X-ray and image analysis (CATÃO; CAIXETA, 2017; LEÃO-ARAÚJO et al., 2017; JAVORSKI; CICERO, 2017; SILVA et al., 2017a; ABUD et al., 2018; JAVORSKI et al., 2018; MEDEIROS et al., 2018; MEDEIROS et al., 2019; SILVA et al., 2020; LEITE et al., 2020; MEDEIROS et al., 2020; RIBEIRO et al., 2021; ABUD et al., 2022). The automated germination test facility is in line with other processes, increasingly affirming technology's contributions to improving the sector, considering the need to automate processes to meet the growing demand for testing, and comparing the two methods allowed identifying events that disqualified the vacuum system. Table 3 presents the events and the respective failure identified in the vacuum technique related to the automation of the equipment.
Table 3. Events and failures in the automation of the counting system.
	Event
	Failure

	The vacuum system does not support some seeds equal to or less than 250 g, unable to perform the task.
	The vacuum equipment needs to be fully automated, requiring manual operator intervention.

	After the seed is sucked, it is necessary to check that the counter is complete before dropping them on the paper to ensure that no seeds are missing at the installation time.
	

	When changing the sample, it is necessary to clean the seed counter, ensuring that seeds from the previous sample are not retained in the equipment and a possible mixing occurs between them (sample crossing).
	

	When dropping the seed on the Germitest paper, the vacuum system encounters the leaf and condenses the water on the suction plate, leaving it wet; being necessary to dry it before going to the following sample.
	

	A vacuum system holds more than one seed in the same hole if it is small.
	

	Tap lightly to fully release the seed from the counter because they take time to come off due to its shape (flattened, pointed, large).
	


It is essential to highlight an attempt to invert the suction plate upwards and place the seeds on it before activating the equipment, ensuring all holes were filled. However, the procedure was not considered for ergonomic reasons.
It is suggested to improve the technology to ensure the entire process is automated, reducing or eliminating the need for operator intervention to correct the above-mentioned events. In addition, automation offers improvements in installing germination tests in the laboratory.
Automation has advantages such as replacing workers in heavy, monotonous tasks and hazardous environments, providing ease of handling small elements, faster production with lower labor costs, ease of inspections and verifications, and reducing non-standard products (LAMB, 2015).
In Table 4, the event and the respective failure related to the speed aspect of the process were raised.
Table 4. Event and failure regarding the speed of the counting process.
	Event
	Failure

	In tiny seeds with flat or pointed shapes, sowing with the vacuum system is slower than with the manual system.
	Vacuum equipment needs to offer the necessary agility to the process.


Making plates with smaller holes is suggested to allow the accommodation and suction of small, flat, or pointed seeds to correct the above event.
Ensuring the speed of the process is also a way of guaranteeing quality. Qualitative systems depend on the use of modern tools and techniques. The final product of any quality process is influenced by several factors related to each other by causes and effects. This relationship can be verified using administrative quality control tools, such as the Cause-and-Effect Diagram and Quality Control Circles, which effectively discuss the functioning of a process or problem presented (TILLMANN; GADOTTI, 2015). Regarding the dimension aspect, Table 5 presents the observed event related to the dimension of the vacuum suction plate.
Table 5. Event and failure on the dimension of the counting equipment.
	Event
	Failure

	The spacing between the rows in the tray used in the vacuum does not guarantee enough space to fold the paper, leaving the elastic on top of the seed, which may affect the seedling development.
	The trays used in the vacuum equipment need a dimension compatible with the paper size.


Here, it is recommended to make new plates, allowing the proper positioning of the seeds on the paper and not interfering with the development of the seedlings. On the aspect of worker safety and health, in addition to increasing person-hour productivity, Table 6 discusses ergonomics.
Table 6. Event and failure that affect ergonomics at work during the installation of the germination test.

	Event
	Failure

	Regarding ergonomics, the hoses are shorter and do not reach the paper without forcing it. In addition, they need more flexibility, requiring the operator to exert physical force to move the vacuum from the tray to the paper. For employees of short stature, this can lead to low back, back, arm, and hand pain.
	The vacuum equipment hoses need to be longer, and the material with which they were built makes the process unfeasible.


The suggestion presented in this aspect is improving the operator's performance by adapting equipment parts (length of some hoses, a pipe with lighter and more flexible material). In addition, it is necessary to establish a usage routine for employees to adapt to the equipment.
Brazilian Regulatory Standard No. 17 (NR-17), in its item 17.4.6, describes that the dimensions of the workspace by task must be sufficient for the worker to move the body segments freely, facilitate the work and reduce the employee effort, not requiring extreme adoption or harmful postures (BRASIL, 2022). Therefore, such equipment violates this legislation.
The disharmony between the worker and his work environment (lack of comfort, safety, and efficiency in his activities) causes ergonomic risks. For example, in seed and grain treatment units, such disharmony is associated, among other causes, with cargo handling, poor lighting, excessive working hours, and general disturbances that impair employee comfort. Therefore, ergonomics should be considered when sizing equipment, for example, facilitating operations and promoting a safe and efficient work environment (GADOTTI et al., 2015).
Regarding the installation capacity of the Corn Germination Test (GN Corn), Table 7 shows the total analysis performed in the laboratory in question, carried out between January and March 2022, as well as estimates the reduction in the capacity of the evaluations if the vacuum system is used as it is.
Table 6. Comprehensive analyses capable of using the vacuum system from January to March 2022.
	GN Corn
	January
	February
	March

	
	2051
	1964
	1960

	Estimated capacity reduction (60%)
	1231
	1179
	1176


The emergence is influenced by environmental factors such as temperature, humidity, and substrate. The laboratory can manipulate the environmental factors to optimize germination percentage, speed, and uniformity (GUIMARÃES, 1999). In this environment, the seeds are supplied with water by absorption through substrates such as paper, cloth, sand, or soil. The humidity condition determines the oxygen supply, while the substrate works as a physical support for the development of the seedlings (MACHADO, 2002).
Temperature is one of the most critical factors in germination (NERSON, 2017) since it influences the absorption of water and other essential substrates for the growth and development of seedlings (SBRUSSI; ZUCARELI, 2014). Its effects on the germination process can be evaluated from changes in germination percentage, speed, and uniformity (MARCOS FILHO, 2005). The substrate must provide sufficient moisture throughout the test to ensure that the germination process occurs entirely. Water deficiencies make it impossible to proceed with the biochemical, physical, and physiological processes crucial for embryo growth resumption. However, it cannot be excessive so as not to limit and impair aeration (ISTA, 2022). Phaneendranath (2000) observed that oxygen restrictions could cause delay or paralysis in the development of seedlings, which can lead to abnormalities (absence of roots and formation of hyaline seedlings).
Using the equipment in the current conditions will reflect a reduction of the test installation capacity of 60% of the current efficiency. This reduction is due to the more significant time spent on installing the test and the need for manual operator intervention. This interference occurs checking vacuum suction to see if all holes plate were filled and if the seeds were released on the paper. In addition, the employee will also spend more time drying the suction plate after putting it in contact with the Germitest paper. Alves et al. (2015) state that knowing the conditions that provide rapid and uniform germination helps to promote more consistent growth in the field.
Conclusions
Faults related to the vacuum equipment were found, making it necessary to understand the difficulties related to the system and propose improvement solutions.
The need to adjust or even improve the technology used for the proper functioning of the technique was observed, meeting the need for automation of processes in the laboratory, implying meeting the demand promptly.
The results did not correspond to the need to automate processes in terms of efficiency and effectiveness, showing a reduction in the capacity to install the germination test for corn seeds by 60% when compared to the current system of manual installation. The system was disapproved, requiring adjustments to reduce the test installation time, ensuring greater efficiency and speed. With this, suggestions for adaptations and improvements to the system will be forwarded.
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