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Abstract — Buckwheat (Fagopyrum esculentum) despite its name, it is not related to common wheat, this
comparison is due to the use of its grains that may be incorporated, in human nutrition in flours form. Among the
factors responsible for the success of buckwheat cultivation, the quality of seeds is fundamental, especially regarding
to germination and vigour levels. In Brazil, germination tests are guided by the Rules for Seed Analysis, a publication
made by the Ministry of Agriculture, Livestock and Supply, however, not all plant species have already had a
determined methodology. Thus, the objective of this research was to determine the suitable methodology protocol for
conducting the buckwheat seed germination test. The experiment analyses were performed at the Laboratory of
research, teaching and extension support at experimental farm of Agrarian Sciences of Grand Dourados Federal
University (UFGD), in the municipality of Dourados, Mato Grosso do Sul state, Brazil, with buckwheat seed
produced at the same farm. The experimental design used was completely randomized in a 4x3 factorial scheme, with
four temperatures, three substrates and four replications with 50 seeds each. The temperatures were: 15°C, 25°C,
30°C and 35°C and the substrates were: on paper, between paper and paper roll. The treatments were placed to
germinate in B.O.D with constant light. The counting of germinated seeds occurred daily until the germination
stabilization date, verified when the number of normal seedlings remained stable for three successive counting days.
The characteristics evaluated were: First germination count, percentage of germination, germination speed index,
mean germination time, mean germination speed, seedling length and synchronization index. For buckwheat
(Fagopyrum esculentum) germination test in the laboratory, the substrates on paper and between paper at
temperatures of 25°C and 30°C are indicated with constant light. Furthermore, the first count must occur at four
days and the final evaluation of the germination percentage at eight days after sowing.

Keywords — Fagopyrum esculentum, Rules for Seed Analysis, Germination Speed Index, Mean Germination Time.

l. INTRODUCTION

Buckwheat, also known as black wheat (Fagopyrum esculentum), is a dicotyledonous plant belonging to the
Polygonaceae family and despite its name, it is not related to common wheat (Triticum aestivum L.), which is a
monocotyledonous belonging to the Poaceae family. This comparison is due to the use of its grains that may be
incorporated, for example, in human nutrition in the form of flours with an advantage, it does not have gluten in

its composition [1].

In addition to this use, buckwheat is sown as a ground cover plant in crop rotation systems aiming to promote
the absorption of minerals that are in the deeper layers of soil, accumulating them in the aerial part of plants.
Thus, when the crop senescence, these minerals will be available on the soil surface, so the later crop will have

better development [2].

Among the factors responsible for the success of buckwheat cultivation and any other crop, the quality of

seeds is fundamental, especially regarding to germination and vigour levels, in addition to genetic purity.
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Alvarenga et al. [3] (2020) include that the success requires the use of high quality seeds, with the potential to
produce vigorous and productive plants, uniformly and in the shortest possible time.

One of the ways to access this type of information and introduce material of good origin to the field is to
perform germination tests in the laboratory.

The germination test is the most used to determine the physiological quality of the seeds, being performed
under controlled conditions of temperature, substrate and light, allowing the seeds to express the maximum

germinative power without undesirable external interferences [4].

In Brazil, germination tests are guided by the Rules for Seed Analysis [5], a publication made by the Ministry
of Agriculture, Livestock and Supply of Federal Government standardized according to the international rules of
seed analysis of the International Seed Testing Association - ISTA, with collaboration of several renowned

Brazilian professionals in the field of seed technology.

Among its chapters, there is one specifically aimed at germination test methodologies whose objective is to
standardize them. At the end of the chapter, a table is presented with several botanical species exemplifying the
ways to proceed the tests indicating ideal substrate and temperature, as well as the duration of the test for each

one.

However, the update of the species does not follow the scenario of Brazilian agriculture and crops that were
not treated with much importance before, there may be changes and new methodologies for germination tests
may be necessary, as is the case of buckwheat, which does not have a defined methodology in the Rules for
Seed Analysis.

Thus, the objective of this research was to determine the suitable methodology protocol for conducting the
buckwheat seed germination test.

1. MATERIAL AND METHODS

The experiment analyses were performed at the Laboratory of Research, Teaching and Extension Support at
Experimental Farm of Grand Dourados Federal University (UFGD), located at latitude of 22° 13” 52.4495”,
longitude of 54° 59’ 10.5372”, altitude of 411.75 m, in the municipality of Dourados, Mato Grosso do Sul state,
Brazil, with buckwheat seed produced at the same farm.

The experimental design used was completely randomized in a 4x3 factorial scheme, with four temperatures,
three substrates and four replications with 50 seeds each. The temperatures were: 15°C, 25°C, 30°C and 35°C
and the substrates were: on paper, between paper and paper roll. In all cases, the substrates were moistened with
treatments 2.5 times their masses.

When the substrate was paper roll, they were packed in plastic bags to prevent moisture loss. When the
substrate was on paper or between paper, they were placed in a plastic germination box (“gerbox” - 11x11x3.5
cm), needing substrate rehydration every two days. In both cases, they were placed to germinate in B.O.D with
constant light and temperature according to the treatment.

The counting of germinated seeds occurred daily until the germination stabilization date, verified when the

number of normal seedlings remained stable for three successive counting days and the results were expressed
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as germination percentage. The first germination count was determined when the germination reached
approximately 50% of that obtained at the end of the test [6, 7].

Germination speed index [8] in which the number of normal seeds or seedlings was counted during the test
duration, according to the formula: GSI = G1/N1 + G2/N2 + ... Gn/Nn, where: G1, G2, ... Gn = number of
germinated seeds at the day of observation and N1, N2, ... Nn = number of days after sowing.

Mean germination time, calculated using the formula presented by Edmond and Drapalla [9]: MGT = (N1 G1
+ N2 G2 +...+ Nn.Gn) / (G1 + G2 +...+ Gn), where: G1, G2, ... Gn = number of germinated seeds at the day of

observation and N1, N2, ... Nn = number of days after sowing, expressing the results in days.

Mean germination speed (MGS), calculated using the formula MGS = 1/MGT, where: MGT is mean

germination time calculated previously. The results were expressed in days™.

Seedling length, determined using the mean of 10 plants per plot. They were measured from the apex of the

largest primary root to the end of the primary leaves. The results were expressed in millimeters per seedlings.

Synchronization index, calculated according to the methodology cited by Labouriau and Pacheco [10]: E = -
>fi. log, fi, where: fi = relative germination frequency (RGF) and log, = base 2 logarithm, expressing the results
in bits.

Data were submitted to analysis of variance and, in case of significance at 5% of probability, means were
compared by Tukey test by Sisvar computer program [11].

I11. RESULTS AND DISCUSSION

The percentage of germinated seeds in the first count was assessed four days after sowing, when the
germination reached approximately 50% of that obtained at the end of the test, and the means are presented in
Table 1. It is possible to notice that the paper roll substrate had the lowest percentage of germination at all
evaluated temperatures and when evaluating the temperatures within this substrate, there was no statistically
significant difference among them.

Comparing the substrates on paper and between paper, it is observed that at 15°C the seeds germinated in the
first count are superior in the substrate between paper. At 25°C the substrate on paper presented a greater
number of seeds germinated even four days after sowing, statistically differing from the substrate between paper
and at 30°C and 35°C both substrates presented the highest germination averages and did not differ from each
other.

Table 1. First germination count (%) of buckwheat (Fagopyrum esculentum) seeds submitted to the germination test in different substrates

and temperatures four days after sowing.

First Germination Count — %
Substrate
Overall Mean | CV(%)
Temperature (°C) On Paper Between Paper Paper Roll
15 37.50 c C 73.50 a | AB 57.50 b A 56.17
11.58
25 87.00 a A 70,5 b B 61.00 b A 72.83
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First Germination Count — %
Substrate
Overall Mean | CV(%)
Temperature (°C) On Paper Between Paper Paper Roll
30 80.50 a B 88,5 a A 63.50 b A 74.50
35 80.00 a B 80.00 a | AB 63.50 b A 77.50
Overall Mean 71.25 78.13 61.38

Means followed by the same lowercase letter in the row and uppercase letter in the column do not differ from each other, at the level of 5%
of probability, by the Tukey test (Source: the authors).
The final percentage of germinated buckwheat seeds was evaluated eight days after sowing, when there was

consistency in the count for at least three consecutive days and the means were shown in Table 2.

The paper roll substrate maintained the behaviour analysed in the first count, presenting the lowest
germination averages at all evaluated temperatures. In this case, at 25°C the roll paper substrate did not
statistically differ from the substrate between paper, and at 30°C the roll paper substrate did not statistically

differ from the substrate on paper.

Comparing the substrates on paper and between paper, that obtained the highest means of seed germination, it
may be observed that at 15°C the germination was higher in the substrate between paper, differing statistically
and at 25°C, 30°C and 35°C both substrates did not present means that were statistically different.

Table 2. Percentage of buckwheat (Fagopyrum esculentum) seeds germination submitted to the germination test in different substrates and

temperatures eight days after sowing.

% of Germination
Substrate
Overall Mean | CV(%)
Temperature (°C) On Paper Between Paper Paper Roll
15 59.50 b A 80.00 a A 63.50 b A 67.67
25 87.00 a A 75.50 ab A 69.50 b A 77.33
9.66
30 80.50 ab A 88.50 a A 70.00 b A 79.67
35 80.00 a A 80.00 a A 63.50 b A 74.50
Overall Mean 66.63 76.75 81.00

Means followed by the same lowercase letter in the row and uppercase letter in the column do not differ from each other, at the level of 5%
of probability, by the Tukey test (Source: the authors).

The germination speed index was calculated at the end of the test with the number of seeds germinated daily

and the averages are shown in Table 3. At temperatures 25°C and 35°C there was no statistical difference

between any substrate, while at 15°C and 30°C, the substrates between paper and paper roll were the ones that

presented the highest means, not differing from each other, however, differing statistically from the substrate on

paper.
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Table 3. Germination speed index — GSI of buckwheat (Fagopyrum esculentum) seeds submitted to the germination test in different

substrates and temperatures eight days after sowing.

Germination Speed Index — GSI
Substrate
Overall Mean CV(%)
Temperature (°C) On Paper Between Paper Paper Roll
15 26.78 b B | 40.39 a C | 4581 a C 37.66
25 72.15 a A | 60.35 a B 64.32 a B 65.60
11.80
30 63.64 b A | 7835 a A | 79.34 a A 73.78
35 66.76 a A | 7155 a AB | 74.71 a AB 71.00
Overall Mean 57.33 62.68 66.04

Means followed by the same lowercase letter in the row and uppercase letter in the column do not differ from each other, at the level of 5%
of probability, by the Tukey test (Source: the authors).
Table 4 shows the germination mean time of buckwheat seeds and it is possible to observe that at all
temperatures the paper roll substrate presented the lowest mean germination time, statistically differing from the
substrates on paper and between paper.

Comparing the substrates on paper and between paper, which presented higher percentages of germinated
seeds in the first and final counts (Tables 1 and 2), the substrate between paper presented lower and statistically
different means, at 15°C and 30 °C, in the other hand, at 25°C and 35°C the two substrates did not differ from
each other.

Table 4. Mean germination time — MGT (days) of buckwheat (Fagopyrum esculentum) seeds submitted to the germination test in different

substrates and temperatures eight days after sowing.

Mean Germination Time — GMT (Days)
Substrate
Overall Mean CV(%)
Temperature (°C) On Paper Between Paper Paper Roll
15 4.98 a A 4.76 b A 4.23 c A 4.65
25 4.05 a B 4.07 a B 3.90 b B 4.01
1.50
30 411 a B 3.97 b B 3.68 c C 3.92
35 4.04 a B 3.97 a B 3.67 b C 3.89
Overall Mean 4.29 4.19 3.87

Means followed by the same lowercase letter in the row and uppercase letter in the column do not differ from each other, at the level of 5%
of probability, by the Tukey test (Source: the authors).

The mean germination speed was the highest in the paper roll substrate in any temperature evaluated (Table

5). The germination speeds at temperatures 25°C and 35°C were the same in substrates on paper and between

paper and at temperatures 15°C and 30°C the mean speeds were lower in the substrate on paper compared to the

substrate between paper in which there was a statistical difference.
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Table 5. Mean germination speed — MGS (days™) of buckwheat (Fagopyrum esculentum) seeds submitted to the germination test in different

substrates and temperatures eight days after sowing.

Mean Germination Speed —- MGS (Days™)
Substrate
Overall Mean CV(%)

Temperature (°C) On Paper Between Paper Paper Roll
15 0.20 c B 0.21 b B 0.24 a C 0.22
25 0.25 b A 0.25 b A | 0.26 a B 0.25

1.62
30 0.24 c A 0.25 b A | 027 a A 0.26
35 0.25 b A 0.25 b A | 027 a A 0.26
Overall Mean 0.23 0.24 0.26

Means followed by the same lowercase letter in the row and uppercase letter in the column do not differ from each other, at the level of 5%
of probability, by the Tukey test (Source: the authors).
Regarding the seedling length (Table 6), a fact that drew attention was the difference in length at the

temperature 35°C in relation to the others in all substrates, in this case it was significantly smaller.

The paper roll substrate produced the longest seedlings in relation to the other substrates at 15°C, 25°C and
30°C. Comparing the two substrates that obtained the highest percentage of germination, on paper and between
paper (Tables 1 and 2), the behaviour of seedling growth was the same, with no statistically significant
differences between the values. However, in these same substrates, the largest seedlings may be highlighted at
25°C and 30°C.

Table 6. Seedling length — SL (cm) of buckwheat (Fagopyrum esculentum) seeds submitted to the germination test in different substrates

and temperatures eight days after sowing.

Seedling length — SL (cm)
Substrate
Overall Mean | CV(%)
Temperature (°C) On paper Between paper Paper roll
15 11.42 b B 12.02 b B 20.94 a A 14.79
25 17.07 b A 15.84 b A 23.47 a A 18.82
13.38
30 14.71 b AB 14.45 b | AB | 2361 a A 17.59
35 4.53 a C 5.58 a C 4.85 a B 4.98
Overall Mean 11.93 11.97 18.24

Means followed by the same lowercase letter in the row and uppercase letter in the column do not differ from each other, at the level of 5%
of probability, by the Tukey test (Source: the authors).

The synchronization index (Table 7) was the highest at temperatures of 15°C, 25°C and 30°C in relation to

the paper roll substrate. In substrates on paper and between paper at 15°C the index was better on the substrate

between paper, on the other hand, at 25°C and 30°C the synchronization index of both substrates was not

statistically different, but they were lower than the roll paper substrate.
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Table 7. Synchronization index — Sl (bites) of buckwheat (Fagopyrum esculentum) seeds submitted to the germination test in different
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substrates and temperatures eight days after sowing.

Synchronization Index - Sl (Bits)
Substrate
Overall Mean CV(%)
Temperature (°C) On Paper Between Paper Paper Roll

15 1.56 a A 0.80 b A 1.23 ab A 1.20

25 0.20 b B 0.56 b A 117 a A 0.64
44.74

30 0.40 ab B 0.28 b A 0.86 a AB 0.51

35 0.15 a B. 0.56 a A 0.49 a B 0.40

Overall Mean 0.58 0.55 0.94

Means followed by the same lowercase letter in the row and uppercase letter in the column do not differ from each other, at the level of 5%
of probability, by the Tukey test (Source: the authors).
The first count, germination speed index, mean germination time and mean germination speed are important
diagnostic, which report the initial plant development, as in the soil is extremely important. After sowing, the

first days are critical due to pests and diseases attack [12].

The germination speed index may be used to identify cultivars with faster emergence in field, thus

minimizing the adverse conditions that occur during germination and seedling establishment [13, 14].

It was established that the first count would be the day when at least 50% of the seeds had germinated in
relation to the end of the evaluations. As buckwheat does not have an established methodology, the test lasted
eight days, because on the eighth day of evaluation it was noticed that germination had stabilized for three days,

the first count was established at four days.

In this case, the paper roll substrate presented the lowest means, which determines that the establishment of
this first stand took longer at all temperatures compared to the other substrates. On the other hand, after four
days of evaluation, the substrate on paper at temperatures 25°C, 30°C and 35°C and the substrate between paper

at temperatures 30°C and 35°C, have already showed a germination percentage above 80% (Table 1).

Following the first count, the final percentage of germination (eight days after sowing) also presented lower
means for paper roll substrate at all temperatures compared to the others, however, analysing the two other
substrates, it is noticed that there was no increment in the percentage of germination (Table 2).

The lowest temperature (15°C) negatively influenced the first count and the germination percentage only in
the substrate on paper, as low temperatures reduce the germination percentage due to the reduction of enzymatic
activities in seed metabolism [14]. The same temperature was placed on the substrate between paper and placed
in the same germination box as the substrate on paper, in this way, the sheet of paper that covered the seeds
served as a protection against excessive temperature loss or prevented the low temperature from affecting the

seeds as they were not so exposed to the environment in which they were inserted.

Temperatures between 25°C and 30°C provided the highest germination averages for the substrates on paper
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and between paper, as higher temperatures, as opposed to low ones, determine higher speed of water absorption
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process, accelerate the enzymatic activities and the germination process [15].

The mean speed of germination was the highest in the paper roll substrate in all temperatures, thus, this type
of substrate may have already been discarded to evaluate the germination of buckwheat seeds. The highest
speeds were detected in substrates on paper and between paper at a temperature of 15°C. As mentioned earlier,
there were fewer seeds germinated at this temperature, so it was expected that germination would be faster. In
relation to the other temperatures, in the substrate on paper and between paper, any temperature between 25°C
and 35°C showed higher germination speed.

The germination speed index, in the comparison between substrates on paper and between paper, obtained the
highest values for temperatures 30°C and 35°C in the second substrate (Table 3), in contrast to the mean
germination speed (Table 5), disregarding the temperature of 15°C, which has already been discarded for
presenting lower total germination, showed higher values for temperatures of 25°C and 35°C in both substrates
(on paper and between paper).

The seedling length was categorical in showing that the largest seedlings were found on the paper roll
substrate, but this was probably due to the greater contact surface that this substrate had, which favoured greater
water absorption than the substrates on paper and between paper. Marcos Filho [16] states that, when there is not
enough water availability, some processes may be harmed, causing damage to the embryo or even its death, in
addition to lower development. This is a limiting factor when the species has a specific water demand, with its
deficiency being able to reduce the germination percentage and seedling growth, through its negative effects on
the seeds [17].

The synchronization index is a characteristic that demonstrates the level of organization or disorder of
chemical reactions in the germination process. In the interpretation of the synchronization index, the lower its
value, the more synchronized the germination will be, regardless of the total number of germinated seeds [18,
19]. In the present work, the highest values were presented by the paper roll at temperatures from 15°C to 30°C
and the substrate on paper at a temperature of 15°C. The lowest synchronization indices were reported between
substrate on paper at 25°C and between paper at 30°C. The loss of germination synchrony represents

heterogeneity in seed physiology which may be harmful to the producer.

The shorter germination time is desirable when looking for a substrate definition. Under laboratory
conditions, germination for prolonged periods may be harmful, and the action of pathogens that affect the

germination process may occur [20], in addition to being undesirable for the laboratory routine.
IV. CONCLUSION

For buckwheat germination test in the laboratory, after analysis of all evaluated characteristics, the substrates
on paper and between paper at temperatures of 25°C and 30°C are indicated with constant light. Furthermore,
the first count must occur at four days and the final evaluation of the germination percentage at eight days after

sowing.

REFERENCES

[1] Pace, T., (1964). “Growing buckwheat: history, botany and economics”. Ministério da Agricultura, Servigo de Informacédo Agricola.
[2] Pauletti, V., Motta, A. C. V., Serrat, B. M., Favaretto, N., Anjos, A. d, (2009). “Chemical properties of a haplohumox under notillage as

Copyright © 2022 IJRAS, All right reserved
56



International Journal of Research in Agricultural Sciences

- .
Volume 9, Issue 2, ISSN (Online): 2348 — 3997

&

al'f

related to fertilization strategies and soil sampling method”. Revista Brasileira de Ciéncia do Solo 33(3), 581-590.

[3] Alverenga, G, Rossetti, C., Almeida, A.S., Rodrigues, D.B., Martins, A.B.N., Aguiar, R.N., Evangelista, E. A., Tunes, L.V.M., (2020).
“Treated corn seeds: substrates and alternative methodology for germination test. Brazilian Journal of Development” 6(6), 41190-
41210.

[4] Santana, D.G.D., Anastacio, M.R., Lima, J.A.D., Mattos, M.B.D., (2010). “Seed germination and seedling emergence of Kielmeyera
coriacea: a critical analysis of the use of correlation”. Revista Brasileira de Sementes 32, 134-140.

[5] Brasil. Ministério da Agricultura, Pecuéria e Abastecimento, (2009). “Rules for seed analysis”. Secretaria de Defesa Agropecuaria. In:
Mapa/ACS Brasilia (Ministry of Agriculture, Livestock and Supply, (2009). “Rules for seed analysis” . Secretary of Agricultural
Defense. In: Map/ACS Brasilia).

[6] Affonso, C.E., Silva, G.Z.d., Jeromini, T.S., Martins, C.C., (2018). “Germination test of Eucalyptus phaeotricha seeds”. Revista
Brasileira de Engenharia Agricola e Ambiental 22, 653-657.

[7] Tomaz, C.A., Martins, C.C., Silva, G. Z., Vieira, R. D., (2016). “Period of time taken by Brachiaria humidicola (Rendle) Scheweick
seed to complete germination”. Semina: Ciencias Agrarias 37(2), 693-700.

[8] Maguire, J. D., (1962). “Speed of germination-aid in selection and evaluation for seedling emergence and vigor”. Crop Science 2, 176-
177.

[91 Edmond, J. B., Drapala, W. J., (1958). “The effects of temperature, sand and soil, and acetone on germination of okra seed”. In
Proceedings of the American Society for horticultural Science (Mol. 71, No. 1, pp. 428-434).

[10] Labouriau, L.G., (1978). “On the frequency of isothermal germination in seeds of Dolichos biflorus L”. Plant and Cell Physiology
19(3), 507-512.

[11] Ferreira, D. F., (2019). “Sisvar: a computer analysis system to fixed effects split plot type designs”. Revista Brasileira de Biometria
37(4), 529-535.

[12] Pagliarini, M.K., Pontim, B.C.A., Gordin, C.R.B., Almeida-Monaco, K. de A., Zomerfeld, P. dos S., Nogueira, J.C., Ferreira, L.C.,
(2021). “Seeds Germination of Poaceae Family Species in Saline Water”. International Journal of Research in Agricultural Sciences
8(5), 2348-3997.

[13] Steiner, F., Junior, A.S. P., Zoz, T., Guimardes, V.F., Dranski, J.A.L., Rheinheimer, A.R., (2009). “Germination of radish seeds under
adverse temperatures”. Revista Brasileira de Ciéncias Agrarias 4(4), 430-434.

[14] Ojeda, V. L., Oliveira, A. dos S., Almeida, T. T., Bérbara, C. d. N. V., (2021). “The temperature as parameter of first count of Sesamum
indicum germination test”. Revista Ciéncia Agricola 19(2), 155-163.

[15] Matheus, M. T., Lopes, J. C., (2009). “Cardinal temperatures for the germination of Erythrina variegata L. seeds”. Revista Brasileira
de Sementes 31, 115-122.

[16] Marcos Filho, J. M. F,, (2005). “Physiology of seeds of cultivated plants™: Fealg.

[17] Bewley, J. D., Bradford, K., Hilhorst, H., (2012). “Seeds: physiology of development, germination and dormancy”: Springer Science
& Business Media.

[18 Ferreira, A. G, Borghetti, F., (2004). “Germination: from basic to applied”: Artmed Porto Alegre.

[19] Ranal, M. A., Santana, D. G. de, (2006). “How and why to measure the germination process?” Brazilian Journal of Botany 29(1), 1-11.

[20] Oliveira, A. K. M., Souza, S. A., Souza, J. S., Carvalho, J. M. B., (2015). “Temperature and substrate influences on seed germination
and seedling formation in Callisthene fasciculata Mart. (VOCHYSIACEAE) in the laboratory”. Revista Arvore 39, 487-495.

BB Zmm

AUTHOR’S PROFILE

First Author

" Maximiliano Kawahata Pagliarini, Undergraduate degree in Agronomy by Grand Dourados Federal University (2009).
1 Master degree in Agronomy, Specialty: Production Systems, research line: Ecophysiology and Special Techniques and
) Cultural Management in Production Systems at Sao Paulo State University, School of Engineering (2012) and a PhD at the
¥ same institution, research line: Genetics and plant breeding and plant propagation with emphasis on genetic improvement
of conifers (2016), Embrapa Forests trainee at the same period and visiting researcher (Interchange between Universities)
» at the Swedish University of Agricultural Sciences in Umed, Sweden, with an emphasis on methods of quali-

-ty assessment of coniferous wood (2015). Currently is Agriculture Technician in Division of Agrarian Services of the Experimental Farm
at Grand Dourados Federal University, developing research in Seed Technology, Phytotechnics, Seedling Production.

Second Author

Bruno Cezar Alvaro Pontim, PhD in Agronomy by Grand Dourados Federal University (UFGD), with Interchange
between Universities doctorate period at North Dakota State University with thesis developed in Phytopathology. Master's
Degree in Agronomy at UFGD (2011), Undergraduate degree in Agronomy (UFGD), 2008, has a Technical Course in
Sugar and Alcohol and a Technical Course in Livestock at the State Center for Technological Education Paula Souza ETE.
Dr. Luiz Cezar Couto (2002) works as Laboratory Technician at Agricultural Microbiology and Phytopathology
Laboratory at UFGD, Former President of the Association of Agronomists of Grande Dourados (AEAGRAN). Currently
act as coordinator of Experimental Farm of Agrarian Farm at UFGD. email 1d: brunopontim@ufgd edu br.

Third Author
Fabio da Silva Ribeiro, undergraduate student of Agronomic Engineer at Grand Dourados University Center, scientific
initiation scholarship at Grand Dourados Federal University (UFGD). email id: fabioribeirolldasilva@gmail com.

Fourth Author

Carla Regina Baptista Gordin, Agronomic Engineer by Grand Dourados Federal University (2009), Master (2011) and
Doctor degrees (2015) in Agronomy from the same institution, working in research lines of Plant Physiology, Seedling
Production and Seed Technology. She currently works as a Laboratory Technician at the same university, participating in
the first author's research group. email id: carlagordin@ufad edu br.

Copyright © 2022 IJRAS, All right reserved
57



International Journal of Research in Agricultural Sciences
Volume 9, Issue 2, ISSN (Online): 2348 — 3997

UNB R ==

Fifth Author

; ' Kamila de Almeida Monaco-Mello, Agronomist, Master in Agronomy - Plant Production by Grand Dourados Federal
University (UFGD) and PhD in Agronomy - Horticulture from S&o Paulo State University, School of Agriculture. During
= her graduation, she was a research volunteer for two years, volunteer at Tutorial Education Program (PET) and UFGD
Scientific Initiation Scholar for 1 year. During her doctorate, she participated in the PDSE internship, developing activities
¢ at Cartagena Polytechnic University (UPCT), in Spain, for 6 months. Agronomy experience with emphasis on Plant
Production, Irrigation, Fertirrigation, production of ornamental plants and fruits and vegetables post-harvest. Currently is
federal civil servant in the position of Agriculture Technician at UFGD. email id: kamilamonaco@ufgd.edu.br.

—

Sixth Author

Patricia dos Santos Zomerfeld, Undergraduate degree in Agronomy from Grand Dourados Federal University (2018).
Scholarship holder of the Institutional Scientific Initiation Scholarship Program (PIBIC- CNPq / UFGD), having worked
on the development of a low-cost fertilizer injection system to be used in small rural properties - FERTIPET system
(2010/2011). Experience in Agronomy field, with emphasis on vegetable production systems, irrigation and fertigation
systems and management. Currently a member of the GEIR research group-lrrigation Study Group (irrigation
management, system design, fertigation) and master student at the same university. email id: patricia zomerfeld@gmail com

Seventh Author

Luiz Carlos Ferreira de Souza, Undergraduate degree in Agronomy from Mato Grosso Federal University (1981),
Master degree in Phytotechnics (Vegetable Production) from Vicosa Federal University (1987) and Ph.D. in Agronomy
(Phytotechnics) from Lavras Federal University (1994). Since 2014 he has been full Professor at Grand Dourados Federal
University. He acts in the area of Agronomy with emphasis on Management and Cultural Treatments, in the following
topics: Zea mays, Glycine max, annual species for soil cover, soil management, grain production systems with emphasis on
no-till. email id: lnizsouza@ufzd edu.br.

Copyright © 2022 IJRAS, All right reserved
58



