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ABSTRACT - Seed quality is critical to agricultural yield, and traditional testing can be time-consuming and subjective. Therefore, 

the use of machine learning can provide an efficient approach for predicting germination. The aim of this work was to investigate 

algorithms that, together with tetrazolium test data, lead to efficient prediction of soybean seed germination. The experiment was 

based on the collection and transcription of a database of thousand soybean seed analysis samples containing information on 

germination and tetrazolium tests (vigor and viability). The algorithms tested were REPTree, M5P, random forest, logistic regression, 

artificial neural networks and support vector machine, and the inputs tested were viability, vigor and vigor + viability (tetrazolium test) data. 

The data analysis used the correlation coefficient and mean absolute error as accuracy parameters of the algorithms. The results 

highlighted the support vector machine as the most effective algorithm for predicting germination, with the viability and vigor + viability 

inputs showing the best results. This study suggests that the integration of computational intelligence techniques with the tetrazolium 

test can make the assessment of soybean seed quality more efficient and contribute to fast and efficient decision making in agriculture.
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INTRODUCTION

Soybean (Glycine max [L.] Merrill) is one of the 
world most important agricultural products and is a major 
source of protein and vegetable oil used in human and 
animal nutrition (Lin et al., 2023). Soybean plants are 
propagated by seeds, which must meet minimum quality 
standards on the basis of laboratory testing. The 
physiological quality of the seed is one of the pillars 
for achieving high yield in the field, as it is responsible 
for the establishment, growth and development of the 
crop (Marcos Filho, 2015).

Seeds require attributes that attest to their 
genetic, physical, physiological and sanitary qualities, 
such as varietal purity, humidity, germination and 
absence of pathogens, respectively (Krzyzanowski; 
França-Neto; Henning, 2018). To meet the minimum 
standards required for production and marketing in Brazil, 
soybeans must have a physical purity of 99% and 
germination of 80% (Brasil, 2009).

The germination test is often used to check the 
quality of seeds (Marcos Filho, 2015). However, the 
results of this test may be due to the requirements 
of the seeds, since it is carried out under controlled 
and favorable conditions. Thus, seeds that show good 
germination percentages in the laboratory may present 
different results in the field, making it necessary 
to use vigor tests to predict seed performance under 
uncontrolled conditions (Wendt et al., 2017).

Vigor tests, including the tetrazolium test, 
characterize seeds into high-, medium- and low-vigor 
batches on the basis of the ability of the seeds to 
withstand different types of stress without altering 
their germination rate, membrane integrity or seedling 
performance in the field (Hao et al., 2020). The use of the 
tetrazolium test allows results to be obtained in less time 
than the germination test and represents the behavior of 
the seeds in a way that is proportional to what would 
happen to the seeds in the field under adverse conditions 
(Krzyzanowski; França-Neto; Henning, 2018).

However, the conventional tests used to determine 
seed quality are costly and time-consuming, taking days 
to provide information and requiring experience on the 
part of the evaluator. There is therefore a clear need for 
methods that provide information in a nondestructive, 
precise and accurate way, for example, by using 
computational intelligence techniques.

Computational intelligence use techniques, such 
as machine learning, makes it possible to measure various 
characteristics quickly and nondestructively through 
data processing (Guo et al., 2023). Prediction is one of 
the functions of machine learning algorithms, where the 

algorithm learns about the behavior of a given dataset during 
training and is then able to predict how a new dataset will 
behave (Karakatic; Podgorelec, 2016; Santana et al., 2022). 
However, each algorithm performs differently, so it is 
necessary to test different models to find the best model for 
prediction (Santana et al., 2023).

The hypothesis of this research was based on 
the possibility of predicting soybean germination using 
data from the tetrazolium test as input to machine 
learning models. The aim of this work was therefore to 
find the best algorithm and the best input for predicting 
soybean seed germination.

MATERIAL AND METHODS

Conducting the experiment

The experiment was carried out at the Seed 
Production and Technology Laboratory of the Federal 
University of Mato Grosso do Sul, Chapadão do Sul 
Campus (lat. 18º41’33”S; long. 52º40’45”W; alt. 790 m asl.). 
According to the Koppen’s classification, the climate is 
tropical wet and dry or savanna (Aw), with an annual 
average temperature ranging from 13 to 28 °C, and annual 
average rainfall of 1.850 mm. The experiment was based 
on surveying and transcribing a database containing 
thousands of samples for soybean seed analysis, with 
information on germination and tetrazolium tests 
(vigor and viability). All the samples were obtained 
from the municipality of Chapadão do Sul - MS and 
the surrounding region.

Seed analyses

The germination test was carried out using four 
subsamples of 50 seeds, which were distributed on 
germitest paper previously moistened to 2.5 times their weight 
and then stored in a germinator at 25 °C (Brasil, 2009). The 
results are expressed as a percentage of normal seedlings.

The tetrazolium test was carried out on two 
subsamples of 50 seeds that were presoaked on germitest 
paper moistened to 2.5 times their weight and stored 
at 25 °C for 24 hours. After this period, the seeds were 
soaked in a 0.075% 2.3.5 triphenyltetrazolium chloride 
solution and placed in a B.O.D. in the dark at 40 °C for 
three hours. The seeds were then sectioned and evaluated 
according to França-Neto and Krzyzanowski (2019).

Statistical analyses

The data were subjected to machine learning 
analysis using viability (Viab), vigor (Vigor) and 
vigor + viability (Vigor+Viab) data as inputs and 
germination as the output variable. The data were 
divided into training and test sets within the software 



Rev. Ciênc. Agron., v. 56, e202494450, 2025 3

Predicting soybean seed germination using the tetrazolium test and computer intelligence

itself, following a ratio of 80:20, i.e., 80% of the data 
used for training and 20% for validation, ensuring that 
the models were properly trained and validated.

To maximize the quality of the data provided, the 
use of advanced cross-validation techniques ensured 
that the models achieved high accuracy and robustness. 
The stratified cross-validation method was used in the 
models with k-fold = 10 and ten repetitions (100 runs for 
each model). All model parameters were set according to 
the default configuration of Weka 3.8.5 software.

The machine learning models used were REPTree 
(Snousy et al., 2011) (RT), M5P (Blaifi et al., 2018), 
random forest (RF) (Belgiu; Dragut, 2016), logistic 
regression (LR) (Štepanovský et al., 2017), artificial 
neural network (ANN) (Egmont-Petersen; De Ridder; 
Handels, 2002), and support vector machine (SVM) 
(Nalepa; Kawulok, 2019). To assess the performance of 
the prediction models tested, the correlation coefficient (r) 
and mean absolute error (MAE) metrics were used.

Subsequently, an analysis of variance was carried 
out considering a 6×3 factorial scheme (models versus inputs) 
with five repetitions, using the Scott–Knott test at 5% 
probability. Boxplots were generated for each parameter 
(r and MAE) considering the models and inputs tested. 
On the basis of these statistics, the best ML technique and 
the best input for predicting soybean seed germination 
were identified. These analyses were carried out in R 
software using the ExpDes.pt and ggplot2 packages.

RESULTS AND DISCUSSION

The interaction between the machine learning 
(ML) algorithms and the inputs tested was not significant 
(Table 1). However, the inputs and machine learning 
algorithms were significant for the correlation coefficient 
(r) and mean absolute error (MAE), indicating that there 
are variations in the performance of the algorithms in 
relation to the input data used.

The use of machine learning allows for an effective 
approach to data processing, especially those with a high level 
of complexity, which process a large amount of information 
in a precise and accurate manner (Xiao et al., 2023). 
Thus, the application of computational intelligence 
techniques can accelerate decision-making in relation to 
seed germination, since the germination test for soybean 
takes eight days. The tetrazolium test takes less than 24 hours, 
and the use of its data associated with specific algorithms 
results in a prediction in minutes, promoting speed and 
efficiency in seed laboratory logistics.

In terms of the correlation coefficient (r), the machine 
learning algorithms M5P, RL, ANN and SVM yielded the 
best results, and they did not differ from each other (Figure 1). 
The use of the Viab and Vigor+Viab inputs resulted in results 
above 0.75 in terms of predicting germination (Figure 2). 
These results indicate that germination can be predicted using 
viability or vigor + viability obtained from the tetrazolium 
test, since the machine learning algorithms were efficient at 
predicting germination using these inputs.

Machine learning use, especially for predicting 
characteristics such as seed germination, depends on 
the performance of the algorithms tested. Each machine 
learning algorithm performs differently with the dataset, 
which highlights the need to test different algorithms to 
find the best predictor (Santana et al., 2023).

Tetrazolium test for soybean depends mainly on 
human observation and experience, which is subjective, 
unlike the use of machine learning, which makes a quick, 
accurate and unbiased assessment of the data presented 
(Lin et al., 2023). In this way, the interaction of conventional 
tests on soybean with machine learning mitigates human 
dependence and its interpretations, which can vary.

The MAE indicated that the SVM algorithm showed 
the best results in predicting germination, followed by the 
M5P and LR algorithms (Figure 3). The ANN algorithm 
was not suitable for predicting germination using data 
obtained from the tetrazolium test, as it had the highest 
absolute error compared with the other algorithms tested.

Table 1 - Summary of the analysis of variance for the accuracy variables: correlation coefficient (r) and mean absolute error (MAE) as 
a function of machine learning algorithms and inputs

* significant at 5% by the F test; SV: sources of variation; DF: degrees of freedom; ML: machine learning; CV: coefficient of variation

SV DF r MAE
inputs 2 0.129395* 38.072*
ML 5 0.003918* 14.8684*
inputs*ML 10 0.000656ns 0.3241ns

Resídue 162 0.000677 0.211012
CV (%) 3.5 5.8
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Figure 2 - Boxplot comparing means for the correlation coefficient (r) as a function of the inputs tested for predicting soybean seed germination

The Viab and Vigor+Viab inputs (Figure 4) had the 
best performance in terms of the MAE, indicating that 
when the viability and vigor + viability of soybean seeds 
were used as inputs, there was less error in predicting 

germination. Viability reflects the theoretical ability 
of a seed to germinate, whereas vigor refers to the 
ability to germinate when environmental conditions, 
especially temperature and humidity, are unfavorable 

RT: REPTree, M5P: M5P, RF: Random Forest, LR: Logistic Regression, ANN: Artificial Neural Network, SVM: Support Vector Machine

Figure 1 - Boxplot comparing means for the correlation coefficient (r) as a function of the algorithms tested for predicting 
soybean seed germination
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Figure 3 - Boxplot comparing means for mean absolute error (MAE) as a function of the algorithms tested for predicting 
soybean seed germination RT: REPTree, M5P: M5P, RF: Random Forest, LR: Logistic Regression, ANN: Artificial Neural 
Network, SVM: Support Vector Machine

Figure 4 - Boxplot comparing means for mean absolute error (MAE) as a function of the inputs tested for predicting soybean seed germination

(Xia et al., 2019). Therefore, predicting germination 
using the tetrazolium test is a viable alternative for 
reducing the time needed to obtain results from seeds.

The SVM algorithm is an efficient machine 
learning method for predicting plant characteristics, 
as it is a versatile algorithm that can be used for linear 
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and nonlinear regression tasks since it is based on the 
principle of finding the best boundary that separates 
the data (Sarkar et al., 2023). The use of SVMs has 
enabled the classification of soybean seeds in relation 
to color histograms (Jitanan; Chimlek, 2019) and the 
physical characteristics of beans (Koklu; Ozkan, 2020). 
The SVM algorithm has already been used to classify the 
physical characteristics of soybeans and other legumes.

The findings of this work show that the use of machine 
learning can be used to predict the germination of soybean 
seeds on the basis of the viability and vigor information 
obtained from the tetrazolium test. The SVM algorithm had 
the highest r value and the lowest MAE value, demonstrating 
its superiority in prediction over the other algorithms.

The use of viability + vigor information as input to 
the models resulted in the highest r values and the lowest 
MAEs, making them suitable for predicting germination. 
Future prospects are based on the possibility of creating 
an equation that can be used to develop software that 
allows tetrazolium data to be input and germination data 
to be output, contributing to faster decision-making in 
relation to batches of soybean seeds.

CONCLUSIONS

1. The soybean seed germination can be effectively 
predicted using the tetrazolium test combined with 
computer intelligence techniques;

2. Among the various algorithms tested, SVM stood out, 
especially when the viability and vigor + viability inputs 
were used.
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