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Abstract The harvesting period of spring tea significantly affects its economic value and consumer preference. To
quickly identify different harvesting periods of spring tea, we employed laser-induced breakdown spectroscopy (LIBS)
combined with machine learning algorithms. This approach was used to identify the before-brightness tea and before-rain
tea of Mt. Lushan fog tea and Dog bull head tea. One hundred spectra were collected for each type of tea leaves and tea
infusion, and the training and test sets were randomly divided in a ratio of 3 : 2. The LIBS spectra were pre-processed with
baseline correction and then 11 sets of spectral data were preferentially selected, and input into the linear discriminant
analysis (LDA), support vector machines (SVM), K-nearest neighbor (KNN) and ensemble machine learning (EML)
classification models for analysis, respectively. Findings showed that combining tea leaves and tea infusion data effectively
identified the spring tea’ s harvesting period. This fusion approach exhibited superior stability and robustness.
Specifically, the LDA model achieved recognition rates of 98. 60% and 99.38% in the test sets for Mt. Lushan fog tea
and Dog bull head tea, respectively. Therefore, this study demonstrates the feasibility of integrating LIBS with machine
learning algorithms to discern different harvesting periods of spring tea.
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Table 1 Information of spring tea samples

No. Harvesting period Teaname CNY/50 g Sample source
1 before-brightness Mt. Lushan fog tea 120 Jiangxi Gonghehou Tea Industry Co. Ltd.
2 before-rain Mt. Lushan fog tea 70 (Jivjiang, China)
3 before-brightness Dog bull head tea 100 Suichuan County Tanghu-guotou
4 before-rain Dog bull head tea 50 Tea Factory (Ji’an, China)
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Fig. 1 Single experimental sample. (a) Tea leaves; (b) tea infusion
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Fig. 3 LIBS average spectrogram of tea leaves. (a) The original spectrum of Mt. Lushan fog tea leaves; (b) the original spectrum of

Dog bull head tea leaves
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LIBS average spectrogram of tea infusion. (a) The original spectrum of Mt. Lushan fog tea infusion; (b) the original spectrum of
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Table 2 Preferred 11 spectrum peaks

Characteristic element Cl Mg 11 Mn I Call Nal HI KI
247.86 279.55 279.83 393.37 589. 00 656. 29 766.49
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280. 27 396. 85 589.59 769. 90
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Fig.6 PCA three-dimensional scatter plot of Mt. Lushan fog tea. (a) Tea leaves; (b) tea infusion; (c) fusion data
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Table 3 Comparison of classification model results for the cross-validation sets and test sets of Mt. Lushan fog tea

Mt. Lushan fog tea Tea leaves Tea infusion Fusion date Tea leaves Tea infusion Fusion date
Model Cross-validation sets /% Test sets / %
LDA 96.46 (1.29) 91.31 (1.86) 98.29 (1.07) 96.78 (1.98) 91.48 (2.51) 98.60 (1.37)
SVM 96.56 (1.65) 89.30 (2. 30) 97.64 (1.30) 97.23(2.02) 90. 39 (2.98) 98.05 (1.52)
KNN 94.60 (1.81) 87.41(2.53) 94.66 (1.67) 94.70(2.12) 87.79 (3.43) 95.25(2.11)
EML 97.41 (1.15) 86.97 (2.40) 97.66 (1.08) 97.45 (1.88) 87.66 (4.12) 97.71 (1.70)
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Table 4 Comparison of classification model results for the cross-validation sets and test sets of Dog bull head tea

Dog bull head tea Tea leaves Tea infusion

Fusion date

Tea leaves Tea infusion Fusion date

Model Cross-validation sets / % Test sets /%
LDA 99.01 (0.79) 94.63 (1.66) 99.20 (0.72) 99.09 (0.89) 95.13 (2.19) 99.38 (0.77)
SVM 96.52 (1.18) 95.20 (1.58) 98.50 (0.94) 96.81 (1.92) 95.43 (2.05) 98.70 (1.13)
KNN 93.46 (1.78) 92.72(2.01) 95.63 (1.68) 94.10 (2.66) 93.43(2.49) 96.11 (2.09)
EML 97.05 (1.07) 95.21(1.59) 99.37 (0.51) 96.87 (1.64) 95.48 (2.28) 99.43 (0.72)
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Fig. 8 Comparison chart of the average recognition rate of one thousand times. (a) Mt. Lushan fog Spring tea; (b) Dog bull head Spring tea
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