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Classification of Rosaceae Plants by Infrared Spectroscopy
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Abstract For the development and utilization of Rosaceae plant resources, it is of great significance to collect information
on different Rosaceae plant species and clarify their family and generic relationships. In this study, leaves, petals, and
stamens of different Rosaceae plant species are analyzed through Fourier transform infrared (FTIR) spectroscopy combined
with principal component analysis (PCA), hierarchical cluster analysis (HCA), and soft independent modelling of class
analogy (SIMCA). The results revealed that the leaves, petals, and stamens of Rosaceae contained polysaccharides,
proteins, lipids, calcium oxalate, lignin, and other components, while the petals and stamens contained phenols in
addition. The FTIR spectra of different types of leaves are found to be similar, but the absorption peak intensities in the
range of 1660-1000 cm ™' differed significantly. Upon using this range for PCA, the first two principal components could
achieve more than 97% of the cumulative variance contribution rate. Using HCA, 11 species of the plant could be
correctly classified at the subfamily level. Combined with the SIMCA discriminant model, in the classification of Rosaceae
plants with different leaves, petals, and stamens, the correct classification rate reaches 96. 08% with the full spectral data
in the range of 4000-400 cm™', and 100% accuracy can be achieved with the data in the range of 1800-800 cm™'. The
results reveal that FTIR spectroscopy combined with statistical analysis and discriminant modeling is a suitable method for
accurately classifying different species of Rosaceae plants at subfamily and genus levels.
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Table 1 Information on Rosaceae plants for experiment
Subfamily Genus Species Code
Prunoideae Cerasus Cerasus cerasoides (D. Don) Sok. GPYT
Prunoideae Cerasus Prunus serrulata var. lannesiana (Carri. ) Makino RBWY
Prunoideae Amygdalus Prunus persica L. T
Prunoideae Amygdalus Amygdalus persica L. var. persica f. duplex Rehd. BT
Prunoideae Prunus Prunus cerasifera * Atropurpurea’ ZYL
Prunoideae Armeniaca Prunus mume Siebold &. Zucc. M
Rosoideae Focke Rosa Rosa multiflora Thunb. YQW
Rosoideae Focke Rosa Rosa chinensis Jacq. YJ
Maloideae Eriobotrya Eriobotrya japonica (Thunb. ) Lindl. PP
Maloideae Pyracantha Pyracantha angustifolia (Franch. ) C. K. Schneid. ZYHJ
Maloideae Malus Malus micromalus XFHT
Maloideae Malus Malus halliana Koehne CSHT
Maloideae Photinia Photinia serratifolia (Desfontaines) Kalkman SN
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Fig. 1 FTIR spectra of leaves, petals and stamens of Rosaceae plants. (a) leaves; (b) petals; (c) stamens
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Fig. 2 PCA of leaves, petals and stamens of the Rosaceae plants in the range of 4000-400 cm ™
(c) PC

& 2 T B S i R ERS OIS PCA 1553 &
A D ER o S, 1 SIMCA & —Fh 3 T PCA A 4
BN T ik, T LU SIMCA K fif te PCA 7 2
B AN AL 4325 B IR B8 B 422 T8 = 1Y
] B R A SO 2 T SIMCA A 31 43 2 A A
(PCA-Class) % 3% # BHE P A [7] 0F 7 46 9% S e 88 1
FTIR Yl vEAT X 43 o 2 7: 3 09 Fu 9145 © A 61 A i

e
7IoN
ot

1

. (a) Score plots; (b) PC-1 loading plots;

-2 loading plots
£ 1800~800 cm '3 [l Al #E 4000~400 cm '3 il 43 K
YIS AR A 2435043, 0 A SIMCA Xt H A7 X 43«
3 3k 1 R A A A 2 00 T R 58 Y R 19 PCL AT Ly
SRR (o 220 ) HEAT @S, L TR i A
K B FTIR JE 3 A9 SIMCA 43 264658 4 3¢ 2 fir
Ro B 2R AE 340 4N b BE 102 4 HEAT AR
BAiE . £E 4000~400 cm 'Y Bl P 9 5 1E B 43 28 22 34 5

K2 HET MR R R A SRS 1 FTIR OGS A SIMCA 4326
Table 2 Classification by SIMCA based on FTIR spectra of leaves, petals and stamens of different Rosaceae plants

Wavenumber Part of ol Total number of ~ Number of spectra in  Number of spectrain  Correct classification
art of plant
range /cm P spectra training set test set rate of test set /%
Leaf 170 119 51 96. 08
Petal 120 84 36 100
4000-400
Stamen 50 35 15 86.67
Total 340 238 102 96. 08
Leaf 170 119 51 100
Petal 120 84 36 100
1800-800
Stamen 50 35 15 100
Total 340 238 102 100
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Fig. 5 HCA of the leaves, petals and stamens of pink and

white petals plants of Cerasus cerasoides (D. Don) Sok.
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and Malus spectabilis in the range of 1800-800 cm ™
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Table 3 Classification by SIMCA based on FTIR spectra of leaves of 13 different Rosaceae plants in the range of 1800-800 cm

1

Total number of

Plant sample code Color of petals

Number of spectra

Number of spectra Correct classification

spectra in training set in test set rate of test set /%
White 20 14 6 100
GPYT
Pink 20 14 6 100
M White 20 14 6 100
Pink 21 14 7 100
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#3 (%)

Total number of

Plant sample code Color of petals

Number of spectra

Number of spectra Correct classification

spectra in training set in test set rate of test set / %
Rose 20 14 6 100
XFHT White 20 14 6 100
CSHT Pink 19 14 5 100
Red 16 12 4 100
Y]
Pink 17 12 5 100
BT 16 12 4 100
PP 17 12 5 100
YQW 15 11 4 100
SN 20 14 6 100
T 20 14 6 100
YH 19 14 5 100
ZYHIJ 19 14 5 100
ZYL 20 14 6 100
Total 319 227 92 100
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