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Abstract

The aim of this work was to identify efficient vigor tests for differentiating the seed lots, forecasting seedling
emergence in the field and assessing the physiological quality of Panicum maximum seeds. 12 seed lots from
the cultivar Tanzania and 11 seed lots from the cultivar Massai were evaluated for water content,
germination, first count and germination speed index, emergence and first emergence count of seedlings in
sand, root length and shoot length, analysis of SVIS® images (seedling length, vigor and uniformity index)
and seedling emergence in the field. The work was conducted in a completely randomized design for tests
performed in the laboratory and in randomized blocks for tests in the field. The data were subjected to
analysis of variance and the means compared by Scott Knott's test at 5% probability and statistical
multivariate clustering analysis and principal components analysis. The shoot and root length tests are
efficient for the evaluation of the physiological potential of P. maximum cv. Massai, while the seedling
length, vigor index and growth uniformity index tests using image analysis, seedling emergence in sand and
first seedling emergence count in sand are efficient in assessing the physiological potential of seeds of P.
maximum cv. Tanzania, and providing information similar to that of seedling emergence in the field.

Keywords: Image Analysis. Massai Grass. Multivariate Statistics. SVIS®. Tanzania Grass.

1. Introduction

Panicum maximum (Jacq.) Has been used for pastures in tropical regions of Brazil due to its capacity
for dry matter production, vigorous tillers, ease of establishment, forage quality, animal acceptability and
drought tolerance (Mendonga et al. 2014; Dutra et al. 2015). These attributes have led to a demand for
quality seeds of this species.

Given the importance of the species, the use of good quality seeds is an essential factor in the
establishment of pastures. The demands of the consumer market and the need for certification of forage
seeds have encouraged seed companies to improve their quality (Melo et al. 2016; Silva et al. 2017).

The seed quality evaluation is usually carried out through germination tests and to complement the
information obtained, vigor tests are also carried out (Marcos-Filho 2016). In general, several vigor tests are
applied, based on performance characteristics of seeds and seedlings (Silva et al. 2017).

Among the existing vigor tests, the use of computerized image analysis is a promising alternative for
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the seed industry, as well as for analysis laboratories, helping in decision making (Gomes Junior et al. 2012;
Jeromini et al. 2019). In addition to indicating the physiological potential of seed lots, it will enable the
reduction of risks and losses in the seed production sector (Marcos-Filho et al. 2009; Souza et al. 2014;
Jeromini et al. 2019).

The quality of a seed lot is not directly measurable, since it is not calculated based on only one
characteristic, as only one attribute of quality would be insufficient to differentiate the seed lots. Thus, it is
necessary to use multivariate techniques such as cluster analysis and principal components (Johnson and
Wichern 2005).

Multivariate statistics aims to reduce, represent, analyze, and interpret data by which several variable
responses are evaluated. The multivariate data analysis methods allow a complete study of these variables,
showing the links, similarities, or differences between them, with minimal possible loss of information (Hair
et al. 2009), considering the importance of each variable in the existing total variation. This technique has
already been successfully used for soybean (Barbosa et al. 2013), rice (Lorentz and Nunes 2013), Brachiaria
brizantha cv. Piata (Silva et al. 2017) and guinea grass (Pereira et al. 2020) seeds.

Research on the improvement of vigor tests for P. maximum seeds still needs to be further explored,
and therefore, there is a current demand in the area of production and technology of forage grass seeds.
Thus, the objective was to identify efficient vigor tests for differentiating the seed lots, forecasting seedling
emergence in the field, and evaluating the physiological quality of P. maximum seeds.

2. Material and Methods

In this study, 11 and 12 commercial seed lots of P. maximum cvs. Massai and Tanzania, respectively,
were evaluated and mechanically harvested by sweeping the soil in different production fields (Table 1).

Table 1. Origin of the seed lots of Panicum maximum cvs Massai and Tanzania.

Lots Origin
Cultivar Massai
1,2,3,4,6,8and 9 Auriflama — SP (20°41'08"S 50°33'17"W)
5 Guzolandia — SP (20°38'59"”S 50°39'43"W)
7 Agua Boa — MT (14°03'00"S 52°09'32"W)
10 Quirinépolis — GO (18°26'53"S 50°26'47"W)
11 Mesdpolis — SP (19°57°58"S 50°38'17"W)
Cultivar Tanzania
1,2and3 Guzolandia — SP (20°38'59"”S 50°39'43"W)
4,9,10,11and 12 Dolcindpolis-SP (20°7°23"S 50°30'48" W)
5 Jales — SP (20°16'08"S 50°32'45"W)
6and 7 Auriflama — SP (20°41'08"S 50°33'17"W)

The seed lots were packed in unified paper packaging and sent to the Seed Analysis Laboratory of the
Plant Production Department belonging to the Faculty of Agricultural and Veterinary Sciences of the
Jaboticabal Campus (Unesp). In the laboratory, they were stored in a cold chamber (9 2C + 2 2C and RH 45%
+ 5%) to avoid loss of quality during the experimental period (Carvalho and Nakagawa 2012). The evaluation
of the physiological quality of each seed lot was carried out through the following analyzes.

Water content: two subsamples of 2.0 g of seeds were used per lot, in an oven at 1052 C + 32 C for
24 hours (Brasil 2009). The results were expressed as a percentage (wet basis).

Germination test: performed with four subsamples of 100 seeds distributed on two sheets of blotting
paper moistened with an amount of water equivalent to 2.5 times the dry mass of the paper that were
arranged in transparent plastic boxes (11.0 x 11.0 x 3.5 cm), at 20-30° C with a photoperiod of eight hours,
and with counts performed up to 28 days (Brasil 2009). At the end of the period, normal seedlings were
counted with the results expressed as a percentage (Brasil 2009).

First germination count: determined in conjunction with the germination count test performed on
the third day after installation and with the results expressed as a percentage of normal seedlings (Tomaz et
al. 2015).
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Germination speed index: determined by a daily count of the germinated seedlings in the
germination test from the third to the twenty-eighth day after sowing and calculated according to the
formula proposed by Maguire (1962).

Seedling emergence in sand: sowing was carried out in washed and sterilized sand at 120° C for 120
minutes, placed in plastic boxes (30.2 x 20.8 x 6.3 cm) and moistened with 60% of the retention (Brasil 2009).
Four subsamples of 50 seeds were sown at a depth of 1cm, kept in a laboratory environment (26° C+ 3° C
and UR 70% + 10%) for 30 days, when the count of the emerged seedlings was performed. The results were
expressed as a percentage (Silva et al. 2017).

First emergence count: performed together with the emergence of seedlings in sand and calculating
the percentage of seedlings that had emerged on the fifth day after sowing (Melo et al. 2016).

Root and shoot lengths: done with four subsamples of 10 seeds sown in a paper towel roll moistened
with 2.5 times its dry mass and kept at 25°C. On the tenth day after the test was setup, normal seedlings
were measured from the crown to the end of the root and from the crown to the top of the seedling plumule,
with the aid of a ruler graduated in millimeters and the results expressed in centimeters per seedling (Oliveira
et al. 2014).

Seedling emergence in the field: carried out with four replications of 50 seeds for each seed lot, sown
at a depth of 1cm, in 1.0m long furrows spaced 0.3m apart. The count of emerged seedlings was performed
on the thirty-fifth day after sowing and the results expressed as a percentage (Melo et al. 2016). During the
test period, the maximum and minimum daily mean temperatures of the field environment were 312 C + 32
Cand 182 C £ 3 oC, respectively.

Computerized analysis of seedlings: eight repetitions of 25 seeds were sown on paper towels
moistened with an amount of water equivalent to 2.5 times the dry mass of the paper and kept at 252C for
seven days. The largest seedling found in the test was identified and measured. It was 15.24 cm in length
from the root end to the apex of the plumule, this being the value used to adjust the software in the
evaluation of growth, uniformity and vigor indexes. For this, all seedlings were transferred to a sheet of black
colored cardboard and the images were captured using a scanner (model HP Scanjet 2004), installed inverted
inside a 60cm x 50cm x 12cm aluminum box, being operated through the Photosmart software, with a
resolution of 300 dpi. Seedlings were analyzed using SVIS® (Seed Vigor Image System) software installed on
a Pentium IV computer, 2.0 GHz CPU, 768 MB RAM and 40 Gb HD and the parameters vigor index (IV), growth
index (Cl), uniformity index (Ul) and seedling length index (CP) were generated as described by Hoffmaster
et al. (2003).

To calculate seed vigor indexes between 0 and 1000, the software was adjusted to 70:30, which
corresponds to 70% of the growth index value added to 30% of the uniformity index value, following the
procedure adopted by Hoffmaster et al. (2003). Seedling length data were provided by the program in pixels,
which after transformation was transformed into cm, considering that one pixel corresponds to 0.02645 cm.

As for the statistical analysis for the physiological quality of the seed lots, the experiment was
evaluated for each seed lot individually, using a completely randomized design with four replications. For
tests carried out in the laboratory and for seedling emergence in the field, a randomized block design with
four replications was used. For the tests evaluated using SVIS®, a completely randomized design with eight
replications was used. The data for each test were previously tested for normality by the Shapiro-Wilk test
and homoscedasticity by the Cochran test.

The data were analyzed for each parameter separately through analysis of variance and the
treatment means were compared by the Scott-Knott test, at 5% probability.

Multivariate analyzes were performed after standardization of the variables in which each had a
mean of 0 and a variance of 1. The analysis using the hierarchical method was calculated based on the
Euclidean distance between the lots for the set of eleven variables and using Ward's algorithm for obtaining
the groupings of similar lots (Sneath and Sokal 1973).

The principal component analysis was based on Ward's groups (Hair et al. 2005). Thus, the initial set
of eleven variables started to be characterized by two new latent variables, which made it possible to locate
them in two-dimensional figures. The adequacy of this analysis is verified by the amount of total information
of the original variables retained by the principal components that show eigenvalues greater than the unit
(Kaiser 1958). All multivariate analyzes were processed using the STATISTICA software version 7.0.

Bioscience Journal | 2022 | vol. 38, e38017 | https://doi.org/10.14393/BJ-v38n0a2022-53754



Title of the article with up to 35 words: should mention the study design

3. Results and Discussion

The water content of Massai seed lots varied from 8.0% to 10.3%. While in the cultivar Tanzania they
were between 8.7% and 10.4%. This similarity of values was essential so that the tests for assessing the
physiological quality of seeds were not affected by differences in metabolic activity, speed of moistening and
deterioration due to discrepancies in these values (Tomaz et al. 2015).

The seedling emergence test in the field, used as a reference in vigor testing (Melo et al. 2017; Oliveira
et al. 2017; Silva et al. 2017; Pereira et al. 2020), classified the seed lots in two vigor classes: high (lots 1 to
8) and low (lots 9 to 11) for cultivar Massai and high (lots 1 to 3), medium (lots 4 to 7) and low (8 to 12) for
cultivar Tanzania (Table 2).

Table 2. Seedling emergence in the field (EF), germination (G), first germination count (FCG), germination
speed index (GSI), seedling emergence in sand (ES), first seedling emergence count in sand (FCE), shoot
length (SHL), root length (RTL), image analysis of seedling length (SDL), vigor index (VI) and uniformity index
(Ul) of 11 seed lots of Panicum maximum, cv. Massai and 12 lots of cv. Tanzania.

Lots EF G FGC GSI ES FEC SL RL ISL Indexs
% - % ----- cm seedling ! Vi ul
Panicum maximum cv. Massai
1 394 79° 598 23.534 53P 42¢ 2.94 3.94 6.49¢ 702¢ 7468
2 38A 68¢ 31¢ 15.95¢ 64¢ 24P 1.98 2.68 7.48¢8 772¢ 7358
3 36" 78* 734 25.06* 738 68" 2.84 3.94 7.518 8298 8374
4 354 59P 23P 13.67° 678 34¢ 2.44 3.94 6.40¢ 678¢ 672¢
5 337 80° 754 14.984 80A 757 3.54 4.8° 8.394 896* 866*
6 31A 58P 38¢ 15.86¢ 59¢ 488 2.18 3.44 8.18* 8128 683¢
7 30° 738 528 22.048 62¢ 41° 2.54 3.64 6.86° 715¢ 698¢
8 304 69¢ 20° 16.27¢ 53P 9P 2.08 2.78 5.12° 576° 665¢
9 288 79° 37¢ 20.198 61¢ 29¢ 2.18 3.34 7.558 774¢ 7258
10 218 767 737 24,947 60¢ 538 1.48 2.78 7.718 8248 8324
11 218 57° 26° 13.80° 46° 20P 1.68 2.08 7.518 715¢ 54Q0°
CV% 21.98 3.64 11.13 6.58 11.51 22.96 22.70 28.95 9.27 6.72 6.26
Panicum maximum cv. Tanzania
1 47° 55¢ 5¢ 10.60¢ 60° 62° 1.9° 4.4° 6.34¢ 727° 7852
2 46° 70° 36° 19.05° 78° 82° 2.1° 4.7° 7.24° 762° 762°
3 4432 652 31b 16.90° 70° 77° 3.0° 4.4° 7.922 8142 768°
4 40P 45¢ 24¢ 12.42¢ 61° 60° 1.8° 5.52 7.25° 743 695°
5 38b 652 40° 17.71° 72° 76° 2.28 5.32 7.49° 7932 8022
6 34> 58b 29b 14.80° 55°b 60° 2.42 5.32 6.56¢ 705° 695°
7 32b 50¢ 372 14.49b 42¢ 44¢ 1.1¢ 2.2° 6.30¢ 647¢ 602¢
8 25¢ 58P 23¢ 13.85 58P 520 2.62 3.5° 6.95° 739 757°
9 23¢ 46° 4¢ 9.02¢ 43¢ 36¢ 1.9° 2.7° 5.01¢ 541¢ 5744
10 21¢ 43¢ 3¢ 7.44¢ 39¢ 31¢ 2.6° 4.3° 5.02¢ 558¢ 630¢
11 20¢ 46° 10d 9.28¢ 41°¢ 26¢ 1.4¢ 3.3° 4.76° 512¢ 539¢
12 18¢ 49¢ 8¢ 9.42¢ 46° 29¢ 2.0° 3.1° 5.73¢ 598¢ 586¢

CV% 18.28 9.93 16.90 11.25 14.54 19.86 20.03 20.89 9.09 7.46 6.62
Averages followed by the same letter in the column do not differ by the Scott-Knott test (p < 0.05).

The germination of seeds from all lots was greater than 40%, which means that these could be
commercialized as they are above the limits established by the Official Standards for the commercialization
of Panicum maximum seeds (Brasil 2008). The germination of the lots varied between 57% and 80% and
allowed them to be separated into four distinct quality classes.

Studies on vigor tests for cereal seeds such as millet (Machado et al. 2012) and corn (Grzybowski et
al. 2015) prescribe that these have the function of differentiating seed lots with similar germination
percentages. For species of tropical forage grasses, this premise is difficult to be fulfilled, as the seed lots of
these species showed more divergent germination than those verified for those of large crops (Ohlson et al.
2011).
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The germination test and the other vigor tests used were able to detect differences in the
physiological potential of the seeds, however the ranking of the seed lots was different from that verified in
the emergence of seedlings in the field.

Some vigor tests were sensitive in the cultivar Massai, classifying the seed lots into four vigor classes,
the first germination count, germination speed index, seedling emergence in sand, first emergence count in
sand and images analysis (seedling length, vigor and uniformity indexes). Other vigor tests were less rigorous
and classified the lots into two classes in a similar way to the emergence of seedlings in the field, such as
those of shoot and root lengths. Considering the 11 lots studied in the univariate analysis, the tests that
presented results similar to those obtained in the emergence of seedlings in the field were those of shoot
and root lengths that with approximately 73% coincidence in the classification of the seed lots.

For the cultivar Tanzania, the seed lots could be classified into more than three vigor classes, based
on the first germination count, germination speed index and image analysis (seedling length, vigor and
uniformity indexes). However, some tests showed divergence in the vigor classification of the lots, making it
difficult to interpret the results. Based on the results of the univariate analysis to compare the means, it was
verified for the 12 evaluated lots, that the seedling emergence tests in sand and the first seedling emergence
count in sand were the most efficient, as they presented 67% of the results similar to those obtained in the
emergence of seedlings in the field.

Seeds with higher physiological quality have greater speed in metabolic processes, providing faster
and uniform seedling germinations (Munizzi et al. 2010). The greater the number of seedlings counted in the
first count, the greater the physiological potential of the seed lot, as in general it indicates a greater
correspondence with the number of seedlings in the field (Marcos Filho 2015).

According to Amaro et al. (2015) and Medeiros et al. (2018), the seedling length test or the length
test of its parts has been considered to detect differences in the physiological potential of seeds of different
species. The seedling length test is based on the fact that the most vigorous seeds give rise to more
developed seedlings, due to their greater capacity for tissue transformation and stored reserves, being then
efficient in assessing vigor (Amaro et al. 2015).

The large number of seed lots and quality parameters for both cultivars represent an obstacle to
studies with univariate statistical analysis on seed vigor tests and, in these cases, cluster analysis produces
better results (Barbosa et al. 2013; Silva et al. 2017; Pereira et al. 2020). Therefore, the Euclidean distance
five was adopted in the hierarchical cluster analysis by the Ward method and the seed lot quality assessment
tests were separated into three groups (Hair et al. 2005) (Figure 1A and B).

For cultivar Massai, in group |, the root length, shoot length and seedling emergence variables in the
field were concentrated (Figure 1A). While for the cultivar Tanzania in group |, the variables vigor index,
seedling length, uniformity index, first seedling emergence count in sand, emergence of seedlings in sand
and emergence of seedlings in the field were concentrated (Figure 1B). These were the ones that stood out
the most, since the joint analysis of the lots resulted in high agreement in the classification of the seed lots
and within this group is the seedling emergence in the field test.

Group Il of cultivar Massai was formed by seedling emergence in sand, uniformity index, first seedling
emergence count in sand, first germination count, germination speed and germination index, showing that
these were similar to each other in the classification of the lots, but differ from those in group I. Group llI
was composed of the results of the variables, vigor index and seedling length, which showed greater distance
and divergence compared to the others (Figure 1A).

In a different way, for cultivar Tanzania in group I, it was formed by the variable’s germination speed
index, first germination count and germination. In group lll it was composed of the variables shoot length
and root length.

The cluster analysis allowed an evaluation of the similarity between the variables considering their
characteristics simultaneously. According to Hair et al. (2005) this technique gathers individuals, or seed lots
as in the present study, in groups with greater similarity.
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Figure 1. The dendrogram resulting from the hierarchical cluster analysis using Ward's method with the
formation of groups based on emergence in the field (EF), germination (G), first germination count (FCG),
germination speed index (GSl), seedling emergence in sand (ES), first seedling emergence count in sand
(FCE), shoot length (SHL), root length (RTL), image analysis of seedling length (SDL), vigor index (VI) and
uniformity index (Ul) of 11 seed lots of Panicum maximum cv. A — Massai; B — 12 lots cv. Tanzania.

Two components were needed with a variance of 54.98% and 19.23%, respectively, to explain the
variability of data from the analysis of principal components of the 11 lots of the cultivar Massai; 73.06% and
11.76% for the 12 lots of cultivar Tanzania, respectively (Table 3). Therefore, two principal components were
sufficient in discriminating 74.21% and 84.82% of the parameters evaluated in the two cultivars.
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Table 3. Correlation between each principal component and the physiological quality assessment tests of 11
lots of Panicum maximum cvs. Massai and Tanzania seeds.

Principal Component

Seed quality assessment tests

1 2
Panicum maximum cv. Massai
Germination -0.73 -0.26
First Germination Count -0.88 0.27
Germination speed index -0.46 0.11
Emergence in sand -0.83 -0.11
First Germination Count -0.93 0.22
Root length -0.81 -0.46
Shoot length -0.72 -0.55
Emergence in field -0.39 -0.74
Length of seedlings -0.50 0.71
Uniformity index -0.91 0.05
Vigor index -0.75 0.58
Eigenvalues 6.05 2.12
Total Variance (%) 54.98 19.23
Cumulated Variance 54.98 74.21
Panicum maximum cv. Tanzania
Germination -0.89 -0.09
First Germination Count -0.76 -0.52
Germination speed index -0.90 -0.37
Emergence in sand -0.96 0.06
First Germination Count -0.98 -0.02
Root length -0.65 0.49
Shoot length -0.42 0.75
Emergence in field -0.85 -0.08
Length of seedlings -0.95 -0.06
Uniformity index -0.91 0.25
Vigor index -0.97 0.03
Eigenvalues 8.04 1.29
Total Variance (%) 73.06 11.76
Cumulated Variance 73.06 84.82

In studies on vigor tests for guinea grass seeds (Pereira et al. 2020), piata grass seeds (Silva et al.
2017) and decumbens grass seeds (Silva et al. 2019) it was also found that two principal components would
be enough to explain 79.08%; 74.23% and 73.47%, respectively, of the variance in the discrimination of the
variables.

The discriminatory power of the variables in each principal component is measured by the correlation
value (Hongyu et al. 2016). Thus, it was possible to infer those high correlations were found between all
variables in principal components 1 or 2, except for the variable germination speed index observed for
cultivar Massai and root length in cultivar Tanzania, which showed a correlation below 0,7 in both
components (Hair et al. 2005). Therefore, these vigor tests were considered to have little relevance for the
discrimination of Panicum maximum seed lots.

In cultivar Massai it was verified that the variables germination (-0.70), first germination count (-
0.88), seedling emergence in sand (-0.84), first seedling emergence count in sand (-0 , 95), root length (-
0.81), shoot length (-0.73) and image analysis for uniformity index (-0.76) and vigor index (-0.90) correlated
significantly with the principal component 1. The seedling emergence test in the field and the image analysis
for seedling length correlated better with the principal component 2, presenting values of 0.74 and -0.72,
respectively.

While for cultivar Tanzania it was observed that the variables germination (-0.89), first germination
count (-0.76), germination speed index (-0.90), seedling emergence in sand (-0.96), first emergence count in
sand (-0.98), seedling emergence in the field (-0.85) and image analysis for seedling length (-0.95), uniformity
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index (-0.91) and vigor index (-0.97) were correlated with the principal component 1. The shoot length test
(0.75) was better correlated with the principal component 2. The principal component 1 should be
considered to have more relevance than 2, as it was able to explain 73.06% of the total data variability (Hair
et al. 2005). Principal component 2 was able to explain only 11.76% of the total variability of the data.

It should be noted that the image analysis tests for seedling length, vigor index and growth uniformity
index and the traditional seedling emergence tests in sand, first seedling emergence count in sand and
seedling emergence in the field, showed greater similarity to each other, as they belong to the same group
when using multivariate analysis (Figure 1B).

In the principal components analysis (Figure 2A), it was found that the root and shoot length tests of
Massai seedlings showed to be the vectors closest to the vector of seedling emergence in the field and these
tests had been inserted in the same group by cluster analysis (Figure 1A). These results confirmed those
verified in the comparison of averages in Table 2, but in a simplified and evident way.
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Figure 2. Eigenvectors, dispersion plan through the analysis of principal components of the emergence in
the field (EF), germination (G), first germination count (FCG), germination speed index (GSl), seedling
emergence in sand (ES), first seedling emergence count in sand (FCE), shoot length (SHL), root length (RTL),
image analysis of seedling length (SDL), vigor index (V1) and uniformity index (Ul) of 11 seed lots of
Panicum maximum, cvs. A — Massai; B — Tanzania.
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From the analysis of the dispersion plan of Tanzania grass (Figure 2B), it was found that the tests
located in the principal component 1 (germination, first germination count, germination speed index,
emergence of seedlings in sand, first count emergence of seedlings in sand, and image analysis for seedling
length, uniformity index and vigor index) were promising in the evaluation of seed lots aiming to rank them
in terms of vigor and seedling emergence in the field.

Similar to the present study, other studies on vigor tests of rice seeds, piata grass, decumbens grass
and guinea grass had shown greater adequacy and efficiency when using multivariate analysis compared to
univariate analysis when large numbers of seed lots and parameters were evaluated (Lorentz and Nunes
2013; Silva et al. 2017; Silva et al. 2019; Pereira et al. 2020).

4. Conclusions

The shoot and root length tests are efficient for the evaluation of physiological potential of Panicum
maximum cv. Massai, while seedling length, vigor index and growth uniformity index tests using image
analysis, seedling emergence in sand and first seedling emergence count in sand are efficient in assessing
the physiological potential of seeds of Panicum maximum cv. Tanzania, providing information similar to
seedling emergence in the field.
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