
Determination of the physiological quality of corn seeds by 
infrared equipment

ABSTRACT: The use of infrared equipment to evaluate the physiological quality of seeds has 
become an extremely important technique for the operation, since it is not destructive to 
the seed and is safe for the operator. The experiment was divided into two stages, in the first, 
the controlled deterioration curve was carried out, and in the second stage, the validation 
of the NIR XDS process was carried out, through modeling for classification of the lots. The 
technique used for controlled deterioration proved to be efficient to show that with a higher 
band ratio index, the spectrum has a greater amplitude and lower physiological potential, 
the opposite is also valid, when the band index is smaller, the spectrum amplitude is smaller 
and higher values of germination and vigor were observed. For the second stage, it was 
concluded that spectra generated by NIR XDS equipment can be used quickly for decision 
making on corn seed samples, considering a binary classification for the parameters of 
germination and vigor according to the approval and disapproval values of lots considered 
in this study. 

Index terms: deterioration, germination, NIR, vigor, Zea mays L. 
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RESUMO: O uso de equipamento de infravermelho para avaliação da qualidade fisiológica 
de sementes tem se tornado uma técnica de extrema importância, uma vez que, não é 
destrutiva para a semente e é segura para o operador. O experimento foi dividido em duas 
etapas, na primeira realizou-se a curva de deterioração controlada, e na segunda etapa, 
realizou-se a validação do processo NIR XDS, por meio de modelagem para classificação dos 
lotes. A técnica utilizada para a deterioração controlada mostrou-se eficiente uma vez que: 
com um índice de razão de banda maior, o espectro tem uma amplitude maior e menor 
potencial fisiológico, o contrário também é válido, quando o índice de bandas for menor, a 
amplitude do espectro é menor e notaram-se maiores valores de germinação e vigor. Pelo 
segundo estudo concluiu-se que, espectros gerados por equipamento NIR XDS podem ser 
utilizados de forma rápida para tomadas de decisão sobre as amostras de semente de milho, 
considerando uma classificação binária para os parâmetros de germinação e vigor de acordo 
com os valores de aprovação e reprovação de lotes considerados neste estudo.

Termos para indexação: deterioração, germinação, NIR, vigor, Zea mays L. 
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INTRODUCTION

The NIR (Near Infrared by Reflectance) spectrophotometer is a non-destructive technique, with good precision, 
extremely safe for the operator, and widely used for measuring grain components (Dyer, 2004). 

NIR spectroscopy is a technique that measures the detection of near infrared absorbance by a sample. The 
near infrared is in the range of 800 nm to 2500 nm and has sufficient energy to excite overtones (organic bonds), 
combinations of molecular vibrations at self-energy levels. NIR spectrophotometers are generally used for quantitative 
measurements of organic functional groups, especially O-H (fatty acids), N-H (proteins), and C=O (esters). Detection 
limits are in the order of 0.1% and applications include analyses of pharmaceutical and agricultural products, polymers, 
and clinical analyses (Alexander et al., 1967). 

The NIR technique has been used to replace traditional analyzes to evaluate the potential of near infrared 
spectrometry to analyze the quality of cotton seeds (Mayrinck et al., 2020), and pepper seeds (Capsicum annuum L.) 
(Seo et al., 2016) depending on different levels of vigor, to identify genetically modified organisms in foods containing 
soybean (Conceição et al., 2006), and to describe the chemical composition of corn grains subjected to drying and 
storage (Gutkoski et al., 2009). In seeds, NIR has also been used to select genotypes of commercial interest, such as in 
oats (Silva et al., 2008).

The physiological processes of germination and vigor are influenced by the chemical composition. Seeds have been 
intensively studied regarding the chemical composition of their reserves. Modern varieties of soybeans, corn, sorghum, 
and wheat have been improved and developed for high oil, protein, or carbohydrate content. These modifications 
generally affect the behavior of the seeds, changing the basic pattern of the species in relation to aspects such as: 
germination, vigor, storability, and interaction with pathogens (Oliveira, 2015). Seeds with low vigor may be subject to 
reduced emergence speed, lower production of dry biomass and seedling growth rates can affect the establishment 
and performance of the crop throughout the cycle and reduce productivity (Gazolla-Neto et al., 2012).

Therefore, this research study was intended to validate infrared equipment (NIR) to assess the physiological quality 
of wet corn seeds in a safe and fast way that helps to speed up its decision-making forwarding from the industrial unit 
(drying and processing) to send to the market only high-quality lots. 

MATERIAL AND METHODS

The assay was carried out at Bayer Brazil at Uberlândia - MG, in the Production Research Pilot Plant. Corn cobs 
from the winter 2018, winter 2019, summer 2019, or winter 2020 crops were used, with harvest moisture between 
25% and 36%.

FOSS NIR XDS equipment (XDS Rapid Content Analyzer™) was used, this equipment is full spectrum, 400-2500 nm. 
The study was divided into two stages: in the first, the controlled deterioration curve was performed, it was 

necessary to create a “humid chamber” to standardize the initial moisture of the seeds. Standard Germination and 
RET - primary root protrusion was performed to define lots of genotypes with high and low initial quality. Plastic 
Gerbox® boxes (230) were assembled with a screen to store the entire volume of seeds necessary for (400 seeds per 
test), vigor (200 seeds per test), and NIR (1 kg of seeds per run) studies. A microclimate with saturated potassium 
sulfate solution was created in the boxes. The seeds were placed on the screens to avoid direct contact with the 
solution and the box was closed with a lid. Three replications of each hybrid were assembled, 38 boxes for each 
replication (130 at 150 seeds per box).

The lots chosen were seeds without treatment, from silos or Big Bags, dried (~11%), threshed and sorted. Initial 
physiological analysis was performed using TPG - standard germination test (Brasil, 2009) and RET - primary root protrusion 
(ISTA, 2015), and initial moisture with Perten’s Aquamatic 5200 equipment, and then the samples were weighed.
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The saturated solution of potassium sulfate in each box allowed the increase of the internal relative moisture to 
about 95% (Juliano, 1964). The boxes with the solution and with the seeds on screens were sealed and left on benches 
at a controlled temperature (25 oC). 

The initial mass of 6 boxes (2 of each replication for each hybrid) was measured and weighed every 24 h until the 
mass of the seeds no longer showed any variation.

Once the seeds had uniform initial moisture, the boxes with the solution and the seeds were taken to accelerated 
aging chambers (SymphonyTM model: 3078) with saturated moisture and temperature of 42 oC (±1), type B.O.D. for 
96 hours (± 1h), which is equivalent to four days (or until very low germination and vigor are observed) (Krzyzanowski 
et al., 1999). 

Every 24 hours, the boxes were removed from the chamber, the seeds passed through the NIR XDS equipment, at 
least 1 kg of shelled seeds were enough to complete the conveyor belt for 15 seconds of NIR performance, moisture 
was measured in a Perten Aquamatic 5200 equipment, and a TPG - standard germination test, according to Rules for 
Seed Testing (Brasil, 2009), and a vigor test, known as RET - primary root protrusion, were assembled (ISTA, 2015).

In the second stage of the project, where the validation of the NIR XDS process was carried out, through modeling 
to classify the lots, thus, seed samples, approximately 200, with 10 to 15 cobs in each sample, were taken directly from 
the trucks that arrived with unprocessed corn from the production field. Several hybrids were harvested at different 
harvest moistures (25%-36%). They were, immediately husked and threshed by hand. They passed through NIR XDS 
equipment and then 500 g of each sample were placed in a screened packaging, dried in an experimental dryer, and 
treated with basic solution treatment.

After treatment, they were packed in multi-leaf labeled paper bags, sent to Laboratory, for TPG (Brasil, 2009) and 
RET (ISTA, 2015).

Statistical analysis was performed in two stages, the first with controlled deterioration data, a cluster analysis was 
performed on TPG and RET data. In the cluster analysis, the K-means method was used with the Pearson’s correlation 
coefficient by measure of similarity, and the analyses were implemented using the TIBICO Spotfire and R statistical 
program. A smoothing method was also applied (Bonat, 2007). In the second step for the dataset for validation the 
PLS-DA (Barker and Rayens, 2003), the algorithm using the Kennard-Stone method (Kennard and Stone, 1969) and 
“ordered predictors selection” for discriminant analysis (OPSDA) were used (Roque et al., 2019). Model performance 
was assessed based on the parameters of sensitivity, specificity, and classification error of the training and test set, 
which were calculated according to the equations (1), (2) and (3), respectively (Roque et al., 2017).

Sensitivity = VP / (VP + FN) (1)

Specificity = VN / (VN + FP) (2)

Error = FP + FN / (VP + VN + FP + FN) (3)
VP is true positive and VN is true negative, FN is false negative, and FP is false positive. The sensitivity or true 

positive rate is the percentage of samples belonging to the class that were correctly classified as belonging to the class. 
The specificity or true negative rate is the percentage of non-class samples that were correctly classified as non-class. 
Misclassification is the percentage of samples that were misclassified.

RESULTS AND DISCUSSION

In the first phase, results of controlled deterioration were presented. The seeds had 10.4% (hybrid A) and 10.5% 
(hybrid B) initial moisture and entered in a steady state on the fourth day after test setup, with 22.1% and 23% 
moisture, respectively.

The water content of the seeds directly influences several aspects of their physiological quality, so its determination 
is essential in official quality tests carried out in seed lots (Sarmento et al., 2015).
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Hybrid A had stable germination in the first 24 h, around 90%, and then gradually reduced the germination 
percentage to 41% at 96 h. For vigor, hybrid A had a more significant drop reaching 20% at 96 h. Hybrid B showed 
a stable behavior at 48 h for germination and vigor, after which the percentages were drastically reduced. Hybrid B 
germination went from 99% to 67%, and RET went from 98% to 53%.

During this phase of controlled deterioration, seed moisture was also measured each day, there was no significant 
gain in moisture for any of the materials as compared to the beginning of the test. The technique used for controlled 
deterioration proved to be efficient, as it preserved the moisture content of the seeds during the test between 20 and 
25%. An advantage of using saturated salt solutions is that the relative moisture values remain at lower levels, being 
sufficient to prevent the growth of microorganisms, thus minimizing any concerns about the effects of seed pathogens 
on the results of germination and vigor tests using deteriorated seeds (Jianhua and MCDonald, 1997).

Once the seeds had uniform initial moisture, the boxes with the solution and the seeds were taken to accelerated 
aging chambers. It´s possible see a separation of the aging measurement times in deterioration directly in the spectra 
without any pre-data processing. We have the raw spectra for the assay samples, which passed through the NIR XDS 
equipment during the controlled deterioration step. Both hybrids (A and B) were observed to show similar spectral 
behaviors in Figure 2. 

As the spectra displayed similar behaviors for both genotypes, the analyses were performed together, hierarchical 
cluster analysis on TPG data, RET and oil content.

To enable the analysis of the chosen bands, i.e., a and b in Figure 1, P10 and P90 of the data were determined 
at each time point of the study. P10 corresponds to the lowest absorbance values of the peak band (1100 to 1300 
nm) and the valley band (1650 to 1800 nm), whereas P90 corresponds to the highest absorbance values of the peak 
and valley bands.

Near infrared spectroscopy is based on the absorption of electromagnetic radiation at wavelengths in the range of 
780 – 2500 nm of the light electromagnetic spectrum. Its spectra result from vibration and consequent absorbance, 
mainly in Carbon-Hydrogen (C-H), Oxygen-Hydrogen (O-H), Sulfur-Hydrogen (S-H), and Nitrogen-Hydrogen (N-H) bonds, 
which are found in natural compounds, as shown in Figure 2.

To reduce the influence of dataset variations, allowing each observation to be optimally and consistently 
represented, the spectra data matrix was normalized. Normalization primarily reduces the effects of total intensity 
response profiles due to variations in sample concentration and light path. The spectrum normalization process is the 
creation of a rule to extract an index from opposite values, that is, transform the data so that it can be used more easily. 
In the K-means method, the objective was to group the distances in wavelengths to create indexes, classifications that 
would separate the materials studied by controlled deterioration treatments to yield a classification by physiological 
quality. A smoothing method was also applied (Bonat, 2007). 

Table 1 shows a higher band ratio index, the spectrum has greater amplitude and lower physiological potential. And 
the opposite is also true, that is, when the band ratio index is smaller, the spectrum amplitude is smaller, and higher 
values for germination and vigor are observed.

The ratio between bands mathematical operation allows subtle differences in the spectral behavior of different 
targets to be identified because only gross differences are observed in original bands (Araujo and Melo, 2010).

Thus, observing the spectral behavior of the targets of interest, for the application of the ratio, the bands are 
selected based on their maximum and minimum absorbance values to express the gradients of the spectral curve of 
the objects of interest, providing the enhancement of these targets.

Karn et al. (2017), working with soybean seeds to determine oil and fatty acids by NIR spectroscopy, concluded that the 
use of NIR is efficient for this purpose. Such studies are similar to the results of this study. The bonds of organic substances 
absorb part of the incident energy, thus allowing the estimation of the type of molecular bond contained in the samples, 
which measure the difference between the amount of emitted and reflected light (Fernandes et al., 2010) (Figure 2). 
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The second dataset contained 452 samples with two replications, all of which were wet, with zero months of 
storage. This set was obtained to validate the analyses carried out with the previous sets. The germination (9-99%) and 
vigor (4-97%) contents were verified. 

Figure 1.    Raw spectra for the assay samples chart. The samples passed through NIR XDS equipment during the 
controlled deterioration step.
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Table 1.    Mean absorbance values for hybrids A and B in the probable oil bands, band ratio, mean TPG (% germination), 
and RET test mean (% vigor) in each aging period. 

Time
P10 P90 P10 P90 P90/P10 P90/P10 Germination Vigor

Band 1 Band 1 Band 2 Band 2 Band 1 Band 2 AVG TPG 
%

AVG RET 
%

T0 0.13 0.38 0.53 0.63 2.96 1.18 95 97
T24 0.14 0.38 0.50 0.62 2.83 1.24 95 96
T48 0.07 0.30 0.40 0.53 4.44 1.34 88 94
T72 0.02 0.24 0.36 0.45 15.19 1.25 68 73
T96 (0.03) 0.21 0.29 0.43 (8.34) 1.47 41 37

*( ) negative values.

Thus, in this set, a modeling was applied to relate the spectra with the physiological values represented by 
germination (TPG) and vigor (RET).

Samples with germination greater than or equal to 90% were defined as belonging to one class and samples with 
germination lower than 90% belonging to another class. Likewise, the samples were divided into two classes in relation 
to the value of 85% of vigor.

The PLS-DA is a method based on PLS regression (Miaw et al., 2018), in which the dependent variable is categorical. 
This is a supervised pattern recognition method that uses the X matrix of independent variables, i.e. the NIR spectra 

Source: Bruker®.

Figure 2.    Functional groups assigned to their respective wavelength/wavenumber (Bruker®).
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with the categorical variable Y for classification model building. To build PLS-DA models, a training set with well-defined 
classes is necessary, as well as a validation set, so that the model can be used to classify new samples.

The complete sets of germination and vigor data were divided into a training and testing set using the Kennard-
Stone algorithm (Kennard and Stone, 1969) separately for each class in order to maintain the proportionality of the 
classes. The separation of training and test sets was performed for each class following the proportion of 70 and 
30%, respectively. Table 2 shows the distribution of samples from the germination and vigor sets, for each class in the 
training and testing sets.

The training set was used to build the classification model. The PLS-DA with random cross-validation was applied 
with 10% divisions of the training set. The models for both germination and vigor were built with NIR spectra 
centered on the mean.

In addition to building the PLS-DA models with all wavelengths of the NIR spectrum, that is, with all variables, 
a variable selection method called “ordered predictor selection” was also used for discriminant analysis (OPSDA) 
(Roque et al., 2019). Variable selection is used to improve the predictive capacity of a model, in addition to making 
the model interpretive with the selection of wavelengths related to a modeled property or characteristic. OPSDA is 
a method based on obtaining an information vector that contains information about the location of the variables to 
improve classification. Thus, this method tests several subsets of variables and finds the one with the best classification 
parameters. After selecting the variables, OPSDA builds a PLS-DA model using the selected variables only. 

The classification models obtained with the variables selected by OPSDA showed a better predictive capacity than 
those built with all wavelengths. Thus, the results presented were obtained with OPSDA and the selected variables for 
germination and vigor, as shown in Figure 3 (A and B).

For germination, 900 variables were selected (wavelengths), which were spread over much of the entire spectrum, 
being more concentrated between 800 and 1500 nm, with some small selection bands at longer wavelengths, as 
shown in Figure 3A. 

As for vigor, Figure 3B, 880 variables were selected in the ranges between 800 – 1132 nm and 1571 – 1681 
nm. Models built using the selected variables for germination and vigor had better predictive capacity, that is, less 
classification error compared to the models built with all variables. Similar wavelength ranges were found in the work 
of Shrestha et al., 2017 when studying tomato seed viability. 

Table 3 shows the parameters used to assess classification model performance, for germination and vigor. Parameters 
are expressed as values between 0 and 1, where an ideal classification has sensitivity and specificity of 1 and error of 0.

Result analysis showed that the errors of both the training and the test sets are smaller for vigor when compared to 
errors for germination. In the germination model, sensitivity and specificity were less than 1, indicating the occurrence 
of false negatives and false positives.

Considering the class with germination less than or equal to 90%, the occurrence of false negatives is not a worrying 
scenario, since incorrectly classified samples with low germination will be segregated and processed separately and 
more rigorously, in terms of physiological protection, as well as samples that actually have germination lower than 90%. 
False positives are a worrying scenario, as these will be treated as samples with high germination, which is not true. For 
the vigor model, the training set had no errors, and the test set had some errors with the worst scenario, that is, false 
positives considering the vigor class greater than or equal to 85%. 

Wang et al. (2020) when studying vigor detection for sweet corn seeds using near infrared spectroscopy (NIRS), 
managed to classify the seeds into aged seeds (germination 3%-6%) and non-aged seeds, with 98% technique 
accuracy. Likewise, Kandpal et al. (2016) managed to separate viable and non-viable melon seeds using the non-
destructive NIR technique. Kusumaningrum et al. (2018) stated that it is possible to assess the viability of soybean 
seeds quickly and non-destructively by NIR. This reiterates the fact that the method proposed in this study is more 
discriminatory. In contrast, Agelet et al. (2012) were unable to separate viable and non-viable seeds for soybean and 
corn crops using the NIR.
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Table 2.   Number of samples in each class in the training and testing sets for germination and vigor. 

Total Classes Total/Class Training Test

Germination 225
≥ 90% 142 99 43
< 90% 83 58 25

Vigor 221
≥ 85% 104 73 31
< 85% 117 82 35

Figure 3.   Variables selected by the OPSDA method for Germination (A) and Vigor (B).

Table 3.   Assessment parameters of OPSDA models for germination and vigor in corn seed NIR spectra.

OPSDA models Germination (%) 
15 nvls*

Vigor (%) 
6 nvls*

Classes ≥ 90% < 90% ≥ 85% < 85%

Training
Sensitivity 0.939 0.983 1.000 1.000
Specificity 0.983 0.939 1.000 1.000

Error 0.038 0.000

Test
Sensitivity 0.907 0.840 1.000 0.943
Specificity 0.840 0.907 0.943 1.000

Error 0.118 0.030
*nvls: number of PLS-DA latent variables.

Figure 4 shows charts with the Y values predicted by the OPSDA models for germination and vigor. When building 
the OPSDA models, the discrimination threshold between classes is determined through a normal probability density 
function, in which Y values above the discrimination threshold are considered to belong to the class under analysis, and 
values below that do not belong to that class.

Figures 4A and 4B referring to germination show false negatives and false positives in the training and test sets, 
respectively, as mentioned above. In Figure 4C, referring to vigor, the classification result is optimal with 100% accuracy. 
However, in Figure 4D, referring to the test set of the vigor model, there are some false positives. 
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From the results presented, the OPSDA models have high accuracy (Accuracy = 1 - Error), that is, percentage 
of correct answers for the model, being 0.962 (96.2%) and 0.882 (88.2%) in the training and test sets, respectively, 
for germination. For vigor, the accuracy was even greater, being 100% for the training set and 97% for the test set. 
Therefore, these OPSDA models based on NIR spectra can be easily used for decision making on corn seed samples, 
considering a binary classification for the germination and vigor parameters according to the pass and fail values for 
lots used by the company.

Figure 4.    Predicted Y values for the training (A and C) and test (B and D) sets of the OPSDA models for Germination  
(A and B) and Vigor (C and D). The dashed horizontal line is the discrimination threshold for the classes.
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CONCLUSION

Spectra generated by NIR XDS equipment can be easily used for decision making on corn seed samples, considering 
a binary classification with 88.2% accuracy for the Germination (uper or lower 90% germination threshold) and 97% 
accuracy for the vigor (uper or lower 85% primary root protrusion threshold) parameters according to the pass and fail 
values of lots considered in this study.
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