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Evaluation of Moisture and Feed Values for Winter Annual Forage Crops

Using Near Infrared Reflectance Spectroscopy
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ABSTRACT

This study was carried out to explore the accuracy of near infrared spectroscopy(NIRS) for the prediction of moisture content and
chemical parameters on winter annual forage crops. A population of 2454 winter annual forages representing a wide range in chemical
parameters was used in this study. Samples of forage were scanned at Inm intervals over the wavelength range 680-2500nm and the
optical data was recorded as log 1/Reflectance(log 1/R), which scanned in intact fresh condition. The spectral data were regressed against
a range of chemical parameters using partial least squares(PLS) multivariate analysis in conjunction with spectral math treatments to
reduced the effect of extraneous noise. The optimum calibrations were selected based on the highest coefficients of determination in
cross validation(R?) and the lowest standard error of cross-validation(SECV). The results of this study showed that NIRS calibration
model to predict the moisture contents and chemical parameters had very high degree of accuracy except for barely. The R? and SECV
for integrated winter annual forages calibration were 0.99(SECV 1.59%) for moisture, 0.89(SECV 1.15%) for acid detergent fiber, 0.86(SECV
1.43%) for neutral detergent fiber, 0.93(SECV 0.61%) for crude protein, 0.90(SECV 0.45%) for crude ash, and 0.82(SECV 3.76%) for
relative feed value on a dry matter(%), respectively. Results of this experiment showed the possibility of NIRS method to predict the moisture
and chemical composition of winter annual forage for routine analysis method to evaluate the feed value.
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Fig. 1. NIR original spectra as log 1/R for ltalian ryegrass(a) and winter rye(b).
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Table 1. The range of chemical composition for collected winter annual forage crops(calibration set)

Forage species Constituent n Min. Max. Mean S.D.T
Moisture (%) 1106 3.32 82.70 37.51 22.50
Acid detergent fiber (%) 1138 27.89 48.17 37.31 3.65
Italian ryegrass Neutral detergent fiber (%) 1136 49.62 74.24 59.25 4.02
Crude protein (%) 1066 2.21 18.22 9.46 3.24
Ash (%) 744 2.20 13.53 7.56 1.71
Moisture (%) 429 4.20 80.16 44.71 2291
Acid detergent fiber (%) 359 28.33 69.53 40.66 5.64
Winter rye Neutral detergent fiber (%) 363 30.80 79.71 63.79 6.80
Crude protein (%) 325 3.27 18.82 8.68 3.13
Ash (%) 165 3.63 17.17 6.91 1.91
Moisture (%) 461 427 80.81 57.21 14.61
Acid detergent fiber (%) 411 24.88 46.91 35.21 3.98
Barley Neutral detergent fiber (%) 426 46.25 70.69 55.79 4.36
Crude protein (%) 428 3.33 12.74 8.47 1.89
Ash (%) 269 291 15.99 7.47 2.21
Moisture (%) 269 5.24 83.73 41.73 18.10
Acid detergent fiber (%) 312 28.76 51.57 3743 3.97
Mixture Neutral detergent fiber (%) 316 48.99 74.83 59.24 4.77
Crude protein (%) 307 3.38 16.72 8.56 2.17
Ash (%) 130 3.89 15.84 7.58 2.05
Moisture (%) 2265 3.32 83.73 43.39 22.02
Acid detergent fiber (%) 2220 24.88 69.53 37.48 4.44
Integration Neutral detergent fiber (%) 2241 30.80 79.71 59.33 5.30
Crude protein (%) 2126 221 18.82 9.01 2.92
Ash (%) 1308 2.20 17.17 7.47 1.89

TStandard deviation
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Fig. 2. Histogram of moisture content for ltalian ryegrass(a) and winter rye(b) calibration set samples.
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Fig. 3. Relationships between laboratory determined values and NIRS predicted values of ltalian ryegrass(a), winter rye(b)
and integrated winter annual forages(c, d).
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Table 2. The calibration and validation statistics for the prediction of chemical composition of the winter annual forage crops

) . Calibration Validation

Forage species Constituent T 3 F 3

SEC R SECV R

Moisture (%) 746 1.16 0.99 1.27 0.99

Acid detergent fiber (%) 770 0.86 0.93 0.96 0.91

. Neutral detergent fiber (%) 777 1.21 0.86 1.29 0.84
Italian ryegrass .

Crude protein (%) 745 0.66 0.95 0.71 0.94

Ash (%) 547 0.35 0.95 0.40 0.92

Relative feed value(RFV) 788 2.89 0.90 3.10 0.88

Moisture (%) 302 1.62 0.99 1.85 0.99

Acid detergent fiber (%) 290 1.09 0.96 1.37 0.92

) Neutral detergent fiber (%) 286 1.44 0.94 1.90 0.88
Winter rye .

Crude protein (%) 255 0.52 0.97 0.65 0.95

Ash (%) 109 0.66 0.80 0.71 0.74

Relative feed value(RFV) 286 3.81 0.92 441 0.88

Moisture (%) 274 1.25 0.98 1.31 0.97

Acid detergent fiber (%) 238 1.41 0.81 1.47 0.75

Barl Neutral detergent fiber (%) 267 2.06 0.64 2.07 0.52

arle

4 Crude protein (%) 241 0.62 0.81 0.64 0.78

Ash (%) 150 0.71 0.68 0.75 0.61

Relative feed value(RFV) 272 5.94 0.68 6.35 0.58

Moisture (%) 190 2.17 0.98 2.44 0.97

Acid detergent fiber (%) 240 0.94 0.93 1.22 0.86

. Neutral detergent fiber (%) 255 1.35 0.90 1.67 0.84
Mixture .

Crude protein (%) 251 0.62 0.90 0.79 0.83

Ash (%) 86 0.78 0.75 0.81 0.68

Relative feed value(RFV) 246 2.94 0.93 3.93 0.86

Moisture (%) 1480 1.53 0.99 1.59 0.99

Acid detergent fiber (%) 1426 1.08 0.91 1.15 0.89

. Neutral detergent fiber (%) 1438 1.37 0.88 1.43 0.86
Integration .

Crude protein (%) 1349 0.59 0.94 0.61 0.93

Ash (%) 882 0.41 0.93 0.45 0.90

Relative feed value(RFV) 1421 3.61 0.84 3.76 0.82

TStandard error of calibration, TStandard error of cross validation
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