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Fig. 1 Spectra of 63 white clover samples
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Fig. 2 Correlation of SPAD values and protein

contents in white clover leaves
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Table 1 Descriptive statistic of CP contents

of white clover samples(DM %)

No. Min Max Mean S.D
China 20 13.28 22.54 17.3605 2.65351
Australia 16 12.92 20.52 16.826 9 2.09572
Europe 19 14.12 21.86 17.1211 2.32985
America and others 8 15.24 22.46 18.2888 2.578 40
Total 63 12.92 22.54 17.2813 2.38691
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Table 2 Main parameters and optimization results for the calibration

The main parameters

Optimization results for the calibration

Proceeding methods MSC+ 1% Deriv + Norris RMSEP 0. 453
spectrum range/cm ! 4 616.75~9 491. 91 RZ, 0. 904
Parameters RMSECV (% DM) 0. 988
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Table 3 Paired samples t-test and correlations

analysis of 15 validation samples

Correlations analysis Paired samples z-test

No. 15 0. 01 0.438
Correlation 0. 987 df 14
Sig. 0. 001 Sig. (2-tailed) 0. 668
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Fig. 3 Correlation between measured and predicted value
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Rapid Selection of White Clover Germplasms’ Crude Protein Traits by
SPAD and Fourier Transform Near-Infrared Reflectance Spectroscopy

ZHANG Xian, YAN Rong, CAO Wen-juan, SHU Bin, ZHANG Ying-jun”
College of Animal Science and Technology, China Agricultural University, Beijing 100193, China

Abstract White clover is one of the most important forages in the world, with high nutritive value and crude protein content.
Crude protein traits of white clover germplasms was selected using SPAD and near infrared reflectance spectroscopy. The SPAD
value was measured by Chlorophyll Meter SPAD-502, and was used to evaluate the crude protein of white clover. In the vegeta-
tive period, there was a positive relationship between SPAD value and foliar protein content (y=0. 422x+4. 984, R*=0. 737),
but in the flowering period. there was a negative relationship between the two indexes (y= —0.345x+37.50, R* =0.711).
Crude protein content of white clover germplasms was predicted using near infrared reflectance spectroscopy with PLS regression
and the model was validated by cross validation and external validation. The results showed that the correlation coefficient of
cross validation, the RMSECV, and the correlation coefficient of external validation are 0. 904, 0. 988% , and 0. 987, respective-
ly. NIRS model of white clover crude protein content has good accuracy and precision. FT-NIRS was more accurate than SPAD.
NIRS is feasible as a rapid analysis method, and can be used in the selection and breeding of white clover germplasms to improve

the breeding efficiency.
Keywords SPAD; Fourier transform near infrared reflectance spectroscopy; White clover; Protein
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