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Table 1. The nCDA classification of germinated (G) and not

germinated (N G) tomato seeds for training set and prediction on

test set.
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RESULTS AND DISCUSSION

The nCDA analysis showed a higher classification accuracy of

tomato seed maturity measured by their germination potential

(table 1) for the training set which can also be observed in

figure 2a. The prediction accuracy for the test set was also high

(table 1). We had expected that all seeds from a green fruit

might be immature and would not germinate. However, a few

seeds (24+13) from the green fruits germinated (figure 2b)

which indicates that the presumed immature tomato fruits

might be mature enough to contain the mature seeds. Physical

parameters like length, width or area were not found to have

correlation with seed germination (data not shown).

Figure 1. The multispectral image of tomato seeds (a), after

background separation (b). Each seed was labelled “germinated”

(red) or “not germinated” (blue) based on germination count at

day seven (c) and nCDA-transformed image (d).

MATERIALS AND METHODS

A total of 840 seeds extracted from mass harvested green and

red tomatoes were divided into two sets; training and test set

consisting of 648 and 192 seeds respectively. Each set

consisted of 96 seeds from green tomatoes. The multispectral

images of the seeds were captured by Videometerlab

instrument and subsequently seed germination test was

performed at temperature and light as recommended by ISTA.

The images were analysed by nCDA and figure 1 shows the

image analysis procedure.

INTRODUCTION

Seed maturity is one of the important criteria for determining

the seed quality as the mature seeds possess higher ability to

germinate and withstand stresses as compared to immature

seeds. However, it is difficult to determine the tomato seed

maturity based on the developmental stage of the fruit.1

Previous studies on seed coat colour pertaining to the

chlorophyll content have shown positive correlation with seed

maturity.2

Multispectral imaging (MSI) in seed science is an emerging

technology and has shown promising results for tomato varietal

identification.3 We further aim to examine the applicability of

MSI to determine the tomato seed maturity using chemometric

method normalised canonical discriminant analyses (nCDA).

Training set
Actual

Sensitivity
Overall 

accuracyN G G

Predicted
N G 73 6 0.95

98.46%
G 4 565 0.99

Total 77 571

Test set

Predicted
N G 81 2 0.99

98.43%
G 1 108 0.98

Total 82 110

Figure 2. nCDA discrimination of germinated and not germinated

tomato seeds of training set (a), seeds from green and red fruits

(b). The dashed line (---) indicate threshold value chosen for

classification.
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CONCLUSION

The study demonstrates the potential of multispectral

imaging for seed maturity determination. The result suggests

seed maturity determination should be based on seeds

instead of judging by fruit maturity or colour. However, further

investigation would be required to see performance of the

mature seeds from the green tomatoes under normal

growing conditions.
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