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ABSTRACT: The demand for techniques that make it possible to assess the physiological
potential of seeds quickly and assertively make near-infrared spectroscopy (FT-NIR) and
seedling analysis using ILASTIK software promising tools. The aim of this study was to
evaluate the physiological potential of Urochloa decumbens seeds using near-infrared
spectroscopy (FT-NIR) and ILASTIK software. Seeds from 10 lots of U. decumbens were
classified according to their physiological potential (germination and vigor) and then FT-
NIR spectra were obtained from individual seed samples, the original spectra being pre-
processed with different dispersion correction methods used for the construction of a
classification model through partial least squares discriminant analysis (PSL-DA). For the
ILASTIK evaluation, the seedlings were photographed at 7 and 14 days of germination and
the trained classifier was applied to the images, generating data on the numbers of strong
seedlings, weak seedlings and non-germinated seeds. With data from the FT-NIR technique
pre-processed by the 2" derivative of Savitzky-Golay, it was possible to obtain a classification
model with high efficiency to discriminate the classes regarding the physiological potential
of the seeds. ILASTIK was efficient to classify seeds according to their physiological potential
after only 7 days of germination. FT-NIR and ILASTIK analyses are non-destructive and fast
alternatives, with great potential for quality control of U. decumbens seed lots.

Index terms: brachiaria, ILASTIK, FT-NIR technique, physiological tests.

RESUMO: A demanda por técnicas que permitam avaliar o potencial fisioldgico das
sementes de forma rapida e assertiva fazem da espectroscopia no infravermelho préximo
(FT-NIR) e da analise de plantulas pelo software ILASTIK ferramentas promissoras. O
objetivo do trabalho foi avaliar o potencial fisiolégico de sementes de Urochloa decumbens
por meio da espectroscopia no infravermelho préoximo (FT-NIR) e do software ILASTIK.
Sementes de 10 lotes de U. decumbens foram classificadas quanto o potencial fisioldgico
(germinacdo e vigor) e depois foram obtidos espectros FT-NIR de amostras individuais de
sementes, sendo os espectros originais pré-processados utilizando diferentes métodos
de corre¢do de dispersao utilizados para a construcdo de um modelo de classificagdo por
meio da PLS-DA. Para a avaliagdo do ILASTIK, as plantulas foram fotografadas aos 7 e 14
dias de germinacgdo e o classificador treinado foi aplicado as imagens, gerando dados de
numero de plantulas fortes, plantulas fracas e sementes ndo germinadas. Com os dados da
técnica FT-NIR pré-processados pela 22 derivada de Savitzky-Golay, foi possivel obter um
modelo de classificagdo com alta eficiéncia para discriminar as classes quanto ao potencial
fisioldgico das sementes. O ILASTIK foi eficiente para a classificagdo das sementes quanto ao
potencial fisiolégico com apenas 7 dias de germinagao. As analises pelo FT-NIR e ILASTIK sdo
alternativas ndo destrutivas e rapidas, com grande potencial para o controle de qualidade
de lotes de sementes de U. decumbens.

Termos para indexagao: braquidria, ILASTIK, técnica FT-NIR; testes fisioldgicos.
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INTRODUCTION

In Brazil, plants of the genus Urochloa were introduced with the aim of implementing pastures, since they have
high compatibility with tropical soils and climates (Paula et al., 2017). In this context, about 80% of the pastures in
the country are occupied by plants of this genus, which has become a protagonist and a strong ally in the country’s
agricultural production (Ferreira et al., 2021; EMBRAPA, 2022). Among the species, Urochloa decumbens has been
showing efficiency in weed suppression in areas cultivated with perennial crops (Martinelli et al., 2018) and in helping
control nematodes (Asmus and Cruz, 2020), among other advantages.

U. decumbens seeds have physiological dormancy in the post-harvest, which can impair the emergence of
seedlings in the field, leading to uneven stand (Batista et al., 2015). In addition, there is uneven maturation of
the seeds, which affects both the physical and the physiological quality. The physiological quality of U. decumbens
seeds is mainly evaluated by the germination test, which provides the results after 21 days, and by the tetrazolium
test, which is laborious and whose interpretation is subjective, requiring training and experience on the part of the
analyst. Currently, there is a demand for faster and simpler methods that optimize decision making regarding the
approval or discard of the lots produced in each season. Although these new methodologies do not replace the
traditional tests used before commercialization, simple, fast and high-yield methods are fundamental for a rapid
pre-selection in the quality control of lots.

In this context, the evaluation of the vigor of seed lots based on seedling performance through image analysis
software is a promising tool, mainly due to the agility in obtaining the results and accuracy of the obtained data (Gomes-
Junior, 2020). Among the various software programs available for image analysis of seeds and seedlings, ILASTIK has
open source and a dynamic interface, allowing the user to manually define and classify the image resources, defining
the objective autonomously and with easy handling (Berg et al., 2019). Furthermore, it allows data manipulation based
on interactive learning from the acquisition of images, which depends only on a digital camera (Berg et al., 2019).
Medeiros et al. (2020) observed high accuracy of ILASTIK to classify soybean seeds and seedlings as to appearance and
physiological potential, quickly and non-destructively.

Another interesting tool that has been tested for rapid prediction of the physiological potential of seeds is near-
infrared spectroscopy (NIR), which has the advantages of being simple, non-destructive and non-subjective (Ribeiro et
al., 2023). In general, this technique is based on the absorption of wavelengths of electromagnetic radiation with the
range of 780-2,500 nm, enabling the formation of spectra that correlate with the functional groups of the molecules
(C-H, N-H and O-H) present in the sample (Xia et al., 2019). For the evaluation of seed lots, the use of NIR allows
the construction of graphs from the obtained spectra, which contain peaks of wavelengths referring to the chemical
compounds that are altered according to the level of quality of the seed. Thus, this technique has been studied and
proved to be viable for predicting the physiological potential of seeds of various species such as chickpea (Ribeiro et al.,
2021), corn (Andrade et al., 2020; Andriazzi et al., 2023), Brassica spp. (Medeiros et al., 2022), among others.

Considering that fast, non-invasive methods with less human interference in the evaluation of seed quality are
currently highly desirable and demanded by the seed industry for optimizing decision-making regarding the approval
or discard of lots, the present study aimed to evaluate the physiological potential of U. decumbens seeds by means of
near-infrared spectroscopy (FT-NIR) and ILASTIK software.

MATERIAL AND METHODS

The study was carried out at the Seed Research Laboratory of the Agronomy Department of Universidade Federal
de Vigosa, in Vigosa, Minas Gerais, Brazil. Ten lots of Urochloa decumbens seeds, provided by the Empresa Brasileira
de Pesquisa Agropecudria (Embrapa) and produced in the 2021/2022 harvest, were used. The study was divided into
three assays:
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Assay | - Characterization of the physiological potential of U. decumbens seeds

Moisture content: determined with two replications of 20 seeds by the oven method at 105 + 3 °C for 24 hours. The
results were expressed as percentage (wet basis) (Brasil, 2009).

Germination test: conducted with four replications of 25 seeds, which were later used for the FT-NIR analysis. The
seeds were distributed in gerbox boxes with germination paper moistened with an amount of KNO, equivalent to 2.5
times the weight of the dry paper. The gerbox boxes were kept in a germinator at alternating temperatures of 20-35 °C
and the evaluations were carried out daily until the twenty-first day after setting up the test (Brasil, 2009). Germination
was computed by the percentage of root protrusion (greater than 2 mm) and normal seedlings obtained at 21 days.

First germination count: evaluated together with the germination test, by determining the percentage of normal
seedlings on the seventh day (Brasil, 2009).

Germination indices: data obtained in the daily counts performed in the germination test were used to calculate
the germination speed index (GSI) (Maguire, 1962) and time to germination of 50% of the lot (t50). Both indices were
calculated using the SeedCalc package of R software (Silva et al., 2019).

Seedling dry matter: four replications of 20 seedlings obtained at 14 days per lot were dried in a forced air circulation
oven at 72 °C until weight stabilization, and the results were expressed in g.seedling™?.

Experimental design and statistical analysis: The experimental design was completely randomized (CRD) with 10 lots
and four replications. Data were subjected to analysis of variance (ANOVA). After confirming the normal distribution of
errors by the Shapiro-Wilk test, the means were compared by the Scott-Knott test at 5% probability level. All analyses
were performed in R statistical software (R Core Team, 2022).

Assay Il - Near-infrared spectroscopy - NIR and its relationship with the physiological potential of seeds

Acquisition of FT-NIR spectra: 100 seeds per lot were used for this analysis and later used for the germination test,
totaling 1,000 seeds analyzed individually. The seeds were deposited in a circular support with size and shape suitable
for U. decumbens seeds. The spectral data of each seed were obtained using a Fourier-transform spectrometer — FT-
NIR (Thermo Scientific Antaris I1). The reflectance spectra were expressed as log (1/R), with R being the reflectance.
For each seed, 3,111 points per spectrum were collected, within the wavelength range from 1,000 to 2,500 nm. 200
successive scans of the spectra of each lot were performed, in 30 seconds for each seed.

Pre-processing algorithms: the original spectral data were pre-processed with the methods Standard Normal
Variate (SNV), Multiplicative Scatter Correction (MSC), and 1% and 2" derivatives of Savitzky-Golay (SG), using the
window of 11 variables in wavelengths, which aims to reduce the number of scores.

Development of models for classification: U. decumbens seed lots were classified according to the result of the
germination test and the percentage of vigorous seedlings. Three classes were defined: high physiological potential
(HPP) (germination > 69%), medium physiological potential (MPP) (53% < germination < 68%) and low physiological
potential (LPP) (germination < 52%). Thus, the number of lots per class was composed of 200 spectra for the HPP class,
400 for the MPP class and 400 for the LPP class.

Model validation: The models were constructed using 70% of the data for training and the remaining 30% for validation.
The pre-processing models with highest accuracy were used to predict the performance of the lots in the validation set.

Experimental design: The germination test after FT-NIR analysis was performed as described in Assay |.

The classes were assigned to the NIR spectra, according to the physiological performance of the lots established by
the vigor tests. An exploratory analysis was performed with the original spectra and the mean of the classes, followed
by the PCA. For each pre-processing, a classification model was generated using partial least squares discriminant
analysis (PLS-DA) (Barker and Rayens, 2003). The performance of the models was evaluated by accuracy and Kappa in
both tests. In addition, the wavelength ranges that were most important for each vigor class in the construction of the
classification model were identified. PLS-DA was performed using the packages caret, prospectr, viridis, patchwork,
factoMineR and ggplot2 in R software (R Core Team, 2022).
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Assay Ill - Computerized analysis of seedlings by ILASTIK software

It was performed according to the seedling length test, with eight replications of 10 seeds from each lot. The
seeds were distributed in the upper third of the germination paper, in the longitudinal direction. They were placed to
germinate as described for the germination test (Assay ). Subsequently, seedlings at 7 and 14 days were transferred to
a photographic base made of blue satin vinyl foam (E.V.A) sheet. Images were acquired through photographs, using a
Nikon Coolpix P510 digital camera, configured in 16 Megapixels. The camera was kept at a height of 40 cm and angle of
90° in relation to the photographic base, using a copystand support.

The images obtained were processed by ILASTIK software, which is connected to a CellProfiler module, free and
open access (https://www.ilastik.org/download), allowing interactive categorization of bioimages. In the segmentation,
the color and pixel classification tool were used, initially determining two classes of segmentation: “seed or seedling”
(region of interest) and “background” (discard region). To create the probability maps, pixels belonging to the regions
of each segmented class were trained to identify the seedlings according to the colors defined in the segmentation.
Then, the software was trained once again to recognize three classes of seedlings: strong seedlings (well-developed
root and shoot, greater than 5 cm); weak seedlings (absence, underdevelopment or deformation of some essential
structure); and non-germinated seeds (Figure 1). The trained classifier was applied to all images and the probability
maps were exported, generating data on the numbers of strong and weak seedlings and non-germinated seeds.

Figure 2 illustrates the training process of ILASTIK software, showing initially the images of the seedlings of the
germination test on the blue background (l). Next, rendering was applied for segmentation and the region of interest
(ROI) was improved to acquire the probability map (Il). After rendering the ROI, the software identifies the individual
seedlings and seeds with the probability map (1), and finally the classification of each seed and seedling is predicted
from the training colors of the respective classifier groups (IV).

Figure 1. Pattern of strong seedlings and weak seedlings used for classification by ILASTIK software.
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Figure 2. Representative scheme of the steps of interactive machine learning and classification of physiological quality
by ILASTIK software of the different lots of U. decumbens seeds.

Subsequently, multivariate principal component analysis (PCA) was performed for the attributes generated by
ILASTIK and for the physiological tests evaluated in Assay |. An “n x p” matrix was obtained, where “n” corresponds to
the number of treatments (n = 10) and “p” corresponds to the number of variables analyzed (p = 12). Eigenvalues and
eigenvectors were calculated from the covariance matrices and plotted in two-dimensional graphs (category ordering
diagram and correlation circle). The statistical software R was used for this analysis (R Core Team, 2022).

RESULTS AND DISCUSSION

Physiological characterization of the lots highlighted the uniformity of seed moisture, which remained between 10
and 13% in all lots evaluated. This pattern is important because moisture levels with high variation interfere with the
germination capacity of the lots, which can alter results (Marcos-Filho, 2015a) (Table 1).

Through the physiological tests, it was possible to observe, based on both root protrusion (RP) and percentage
of normal seedlings (NS) obtained by the germination test at 21 days, that lots 2 and 8 were superior to the other
lots evaluated and classified as of high physiological potential (HPP). Tests related to germination speed, such as first
germination count (FGC), germination speed index (GSI) and t50, allowed confirming, in general, higher physiological
potential of lots 2 and 8 and lower physiological potential of lots 3, 6 and 10. It is important to emphasize that, in
addition to the germination potential, seeds must show a high speed of emergence in the field, which contributes for
them to have less exposure to adverse factors such as temperature, pest attacks, water deficit, among others (Marcos-
Filho, 2015b). These results are complemented by those observed for seedling dry matter (SDM), as lots 2 and 8
showed higher means and lots 3, 6 and 10, lower means (Table 1). Therefore, it can be considered that lots 2 and 8 and
lots 3, 6 and 10 have higher and lower physiological potentials when compared to the other intermediate lots analyzed,
respectively. Lots 1, 4, 5, 7 and 9 showed intermediate physiological potential (Table 1).

Figure 3A shows the total of 1,000 original NIR spectra that correspond to the 10 lots of U. decumbens. The
means of the original data are presented in Figure 3B, where it is possible to observe differences in three levels of

Journal of Seed Science, v.45, e202345032, 2023



6 L.R. Souza et al.

physiological potential of the seeds. Principal component analysis (PCA) was carried out with the 1,000 spectra,
with the objective of performing exploratory data analysis (Figure 4). The central ordering diagram shows the scores
and arrangement of the spectra, differentiated by the respective classes of physiological potential (Figure 4A).
The analysis of the two principal components (PC1 and PC2) explained 99.8% of the total variation of the data of
physiological potential of U. decumbens seeds, confirming the efficiency of the technique for separating the different
levels of physiological potential of the seeds.

Chemometric transformation techniques used in spectral data have been very efficient to reduce the noise of
the samples and equipment. Pre-processing of the data before classification enables the refinement of the spectra,
to subsequently obtain the best fit and training model (Rinnan et al., 2009). Different data processing methods were
tested, such as multiplicative scatter correction (MSC), standard normal variate (SNV) and derivative methods (Savitzky-
Golay), which have the function of reducing overlap along with signal smoothing (Agelet and Hurburgh, 2014).

Table 1. Characterization of the initial physiological quality of 10 lots of U. decumbens seeds.

LOT Moisture RP NS FGC Gs| t50 SDM

(%) (%) (%) (%) (days)  (g.seedling”)
1 10 57b 56 b 52b 2.70a 4.61b 0.023b
2 11 69 a 68 a 6la 3.09a 4.84a 0.026 a
3 12 50b 50 b 40c 22b 4.82a 0.018 ¢
4 13 57b 57b 51b 2.85a 4.46 b 0.022b
5 10 52b 52b 37¢ 22b 5.03a 0.021b
6 11 46 b 43b 37¢ 2.0b 4.52b 0.019 ¢
7 13 53b 53b 49b 24b 4.70 b 0.020 ¢
8 10 78 a 73a 55b 3.10a 5.00 a 0.026 a
9 11 58b 58 b 49b 2.62a 4.73b 0.022b
10 10 49 b 48 b 39¢ 2.20b 4.66 b 0.018 ¢

RP: Root protrusion; NS: Normal seedlings; FGC: First germination count; GSI: Germination speed index; t50: Time for germination of 50% of the
seeds; SDM: Seedling dry matter. Means represented by the same letter do not differ from each other by Tukey test at 5% probability level.

Figure 3. Original spectra (A) and mean of original spectra (B) per class of physiological potential.
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Figure 4. Principal component analysis of the original 1000 spectra with variation in physiological potential. Central
ordering diagram (A) and correlation and distribution circle (B).

Table 2. Accuracy and Kappa results for training and validation (test) of the different pre-processing methods obtained
by the PLS-DA classification models for U. decumbens seed lots. *

) Calibration (n*=700) Validation (n*=300)

Pre-processing

Accuracy Kappa Accuracy Kappa

Original spectra 0.652 0.436 0.687 0.495

SNV! 0.671 0.464 0.656 0.443

MSC? 0.684 0.487 0.6701 0.466

1st Derivative of SG3 0.854 0.767 0.741 0.587

2nd Derivative of SG3 0.985 0.977 0.796 0.677

*n: number of spectra used for training and testing of the classification model. SNV = Standard Normal Variate. 2MSC = Multiplicative Scatter
Correction. 3SG = Savitzky-Golay.

The pre-processing recommended for the calibration model was defined based on the predictive capacity of
the physiological potential classes evaluated by the results of accuracy and Kappa coefficient for the calibration and
training models (Table 2). The accuracy metric is widely used to evaluate machine learning classifications, since it
evaluates the proportion of the correct classification on the results obtained. However, it can be greatly influenced
by the proportion of the data.

For example, in unbalanced data, it can be maximized as it considers smaller information as irrelevant (Manning
et al., 2009). The Kappa coefficient is the statistical method that describes the intensity of agreement and reliability of
the model, with value 1 indicating perfect agreement of the model and 0 indicating agreement equivalent to chance
(Viera and Garrett, 2005).

The best classification results were obtained for the models using the Savitzky-Golay derivatives compared to the
model obtained with the original data, and when applying the first derivative, the model showed accuracy of 74.1%
and Kappa of 58.7% in the validation. When applying the second derivative, accuracy of 79.6% and Kappa of 67.7%
were obtained in the validation, demonstrating good agreement between the results, and the pre-processing with the
second derivative of Savitzky-Golay showed high efficiency to discriminate the classes in relation to the physiological
potential of U. decumbens seeds.
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The results shown for PLS-DA classification models (Table 2) with the spectral data show consistency in the data
compared to other studies involving the near-infrared spectroscopy (FT-NIR) technique. This technique has also been
used to classify chickpea seeds that have undergone changes due to the use of herbicides, obtaining 94% accuracy
when applying the second derivative of Savitzky-Golay (Ribeiro et al., 2021). Similarly, Medeiros et al. (2022) observed
that PLS-DA showed satisfactory discrimination, with a classification rate of up to 100% for NIR spectra in seeds of
Brassica species. These authors report that NIR spectroscopy can be used to quantify the oil content and composition
in seeds of these species.

Figure 5 illustrates the confusion matrix regarding the validation of the performance of the machine learning
classification models for the pre-processed data with the second derivative of Savitzky-Golay, showing the predictions for
the classes of high, medium and low physiological potential of the seeds. In the confusion matrix, each row of the matrix
represents the instances in the actual class, whereas each column represents the instances in the predicted class. It is
possible to observe that, in the calibration, there was an accuracy of almost 100% for the three classes of physiological
potential (> 95.7%). In the validation, the high and medium potential classes had higher accuracy (80%), while the low
potential class had 78.3%. This model is useful to prove the efficiency of applying the second derivative for treatment of
the data obtained by the spectrum. In this context, it is interesting to perform an analysis in conjunction with Table 2,
reinforcing the efficacy in the accuracy of the data in classifying the physiological potential of U. decumbens seeds.

Among the wavelengths that most contributed to the development of the PLS-DA model for the classification of
U. decumbens seeds into different levels of physiological potential, the ranges around 1,000-1,400 nm; 1,900 nm;
2,250 and 2,400 nm, and the range around 2,500 nm stood out (Figure 6). The greatest importance for defining the
model occurred at peaks in the range of 1,000 and 1,400 nm, which have harmonic bonds with the functional groups
N-H, C-H and O-H, which are related to carbohydrate and protein content (Mukasa et al., 2019). Although the peaks of
1,900 nm have subtly appeared for the importance of the model, they belong to the O-H functional group associated
with carbohydrates. Although the range of 2,250 to 2,400 nm was less significant, it appeared more subtly and was
important for defining the model. Peaks of 2,282 and 2,330 nm are related to carbohydrates, 2,300 is related to the
protein absorbance band and 2,340 is related to the C-H group of cellulose (Xu et al., 2019). Peaks in the 2,500 nm
range are related to the functional groups O-H and C-H, which are also directly related to the contents of carbohydrates
and CH, proteins (Ambrose et al., 2016; He et al., 2019).

Proteins play key roles for the growth and development of the embryonic axis, as well as for seedling formation and
emergence in the field (Erbas et al., 2016). During the seed deterioration process, there is denaturation and decrease
in the content and synthesis of proteins, with protein degradation being one of the mechanisms pointed out as a cause
of seed viability loss (Pinheiro et al., 2023). In this context, the deterioration process was observed in the seed lots that
had lower physiological potentials, such as lots 3, 6 and 9 (Table 1).

Figure 5. Confusion matrix of the classification of U. decumbens seed lots into vigor levels by means of the PLS-DA
model using the spectra after processing with the second derivative of Savitzky-Golay.
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Figure 6. Importance of wavelength variables for PLS-DA classification of physiological quality levels of U. decumbens
seeds.

As conventional biochemical analysis techniques are, in general, expensive and time-consuming, the selection of
wavelengths related to chemical composition shortens the time of analysis and facilitates data processing, assisting the
development of viable models for application (Orrillo et al., 2019). Thus, the results of the present study point to a series
of practical applications of this methodology, which can be introduced in companies and in routine seed laboratories,
research organizations and quality control programs. However, it is important to note that these methodologies do not
replace the standard tests used for seed marketing, but can be an interesting tool for rapid pre-selection, and decision-
making regarding seed lots.

The results obtained by ILASTIK (Figure 7) show its efficiency to classify physiological potential of U. decumbens
seeds, being possible to identify and separate lots as to physiological potential in a similar way to what was observed
by the physiological tests (Table 1). In this context, lots 3, 6 and 10 showed results indicating seeds of low physiological
potential, with a higher percentage of non-germinated seeds and low percentages of strong seedlings. On the other
hand, lots 2 and 8 showed higher percentages of strong seedlings, indicating the higher physiological potential of the
seeds, both at 7 days (Figure 7A), and at 14 days (Figure 7B). In general, the results obtained by ILASTIK at 7 and 14 days
were similar, which makes the evaluation at 7 days interesting due to the greater speed and optimization of the work
(Figure 7). Therefore, it is relevant to consider that developed models can be increasingly efficient and trained, so
that ILASTIK software further improves its performance, with the possibility of changing the number of images and
the number of lots and treatments evaluated. ILASTIK provides all the necessary features such as probability models,
graphs and features of classifiers that have a fast response and have an optimized and practical user interface for
a fast interactive training experience, being able to extract accurate data through the images (Berg et al., 2019;
Medeiros et al., 2020).

The PCA explained 83.1% of variability of the data obtained by ILASTIK and by the physiological tests (PC1 +
PC2), reinforcing that the lots with the highest physiological potential (L2 and L8) were concentrated in the positive
scores of the Component 1 (PC 1), close to the green vectors corresponding to the variables related to higher
physiological quality (t50, RP, NS, GSI, SDM, FGC and strong seedlings by ILASTIK). On the other hand, the lots with
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lower physiological potential (L3, L6 and L10) were concentrated in the negative scores of PC1, close to the variables
that indicate lower physiological quality (weak seedlings and non-germinated seeds by ILASTIK) (Figure 8). When
considering the data obtained by ILASTIK in the PCA, a high positive correlation can be observed between the vectors
of green color corresponding to the variables obtained with 7 and 14 days, which confirms 7 days as a faster and
more viable option for evaluation.

In summary, it was possible to correlate the data of physiological quality of U. decumbens seeds with those
obtained by the near-infrared spectroscopy (FT-NIR) technique and seedling analysis by ILASTIK software, highlighting
considerable potential for use in research, programs and at the industrial level for seed quality control and classification
of lots regarding physiological potential.

Figure 7. Percentage of strong seedlings, weak seedlings and non-germinated seeds according to the lots of U.
decumbens seeds at 7 (A) and 14 (B) days after sowing provided by ILASTIK software. Bars represent a 95%
confidence interval.
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Figure 8. Principal component analysis (PCA) for the variables of characterization of the physiological quality of U.
decumbens seeds and the data generated by ILASTIK software.

CONCLUSIONS

The FT-NIR technique combined with the PLS-DA models is sensitive to estimate, quickly and non-destructively, the
physiological potential of U. decumbens seed lots, especially when pre-processing by means of the second derivative
of the Savitzky-Golay filter is used.

Analysis of seedlings by ILASTIK software at 7 days is also efficient to evaluate the physiological potential of U.
decumbens seeds.
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