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Table 1. The ranges and means of chemical constituents of forage corn and soybean intercropping in calibration and
validation sample sets by near-infrared spectroscopy analysis

Sample set CP ADF NDF
Calibration Min (%) 8.0 18.2 29.8
Max (%) 19.5 33.9 53.7
Mean (%) 12.0 27.6 42.6
Number 376 376 376
Validation Min (%) 8.7 19.2 33.5
Max (%) 18.2 32.7 48.8
Mean (%) 12.0 27.2 42.7
Number 52 52 52
Total® Min (%) 8.0 18.2 29.8
Max (%) 19.5 33.9 53.7
Mean (%) 12.0 27.5 42.6
Stdev (%) 2.2 3.0 4.1
Number 428 428 428

* Merge of calibration and validation sample set.
® CP: crude protein, ADF: acid detergent fiber, NDF: neutral detergent fiber.

#2 FHEIOKREATREZMHEDE - BESYER PRBEERERER M8
Table 2. The parameters of the basic calibration equations for crude protein, acid detergent fiber and neutral detergent fiber
of forage corn and soybean intercropping

Constituent Sample Math Scatter Number of Range of Mean  SEC* R’ SECV'
number Transformation” correction terms’ estimat®
% %
CP* 363 1,4,4,1 SNV and Detrend* 12 55—183 119 0.71 0.89 0.85
ADF 361 2,5,5,1 SNV and Detrend 14 19.1 — 362 27.6 0.80 0.92 1.09
NDF 360 2,5,5,1 SNV and Detrend 13 30.5 — 547 426 1.02 0.94 1.25

* Same as shown in Table 1.

" Values are in order of the derivative of log 1/R, number of 2-nm datum points over which the derivative is calculated and
number of datum points used in running smooth 1 and smooth 2.

¢ Standard normal variate (SNV) and Detrend accounts for wavelength-dependent scattering effects.

¢ Number of terms in modified partial least squares regression.

¢ Standard error of calibration.

" Standard error of cross-validation.
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1.49 F 1.66% : X1 (slope) 43Rk 1.01 ~ 0.93 ~ 0.93 » FIHEUTH 1.00 » B HEIE B4 I -

® 3. PLS2 HEB REIEETA M e i B aUlEl 2 455

Table 3. Verification of the calibration equation for NIRS by 52 samples of forage corn and soybean intercropping

Constituent ~ Sample number Mean Mean of prediction Bias SEP (C) R’ Slope
%

CpP* 52 12.0 12.2 -0.19 0.89 0.84 1.01

ADF 52 27.2 27.7 -0.50 1.49 0.79 0.93

NDF 52 42.7 42.6 0.13 1.66 0.83 0.93

* Same as shown in Table 1.
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Table 4. The parameters of the updated calibration equations for crude proteins, acid detergent fiber and neutral detergent
fiber of forage corn and soybean intercropping

Constituent Sample Math Scatter Number of Range of Mean  SEC‘ R’ SECV
number Transformation® correction terms® estimat
% %
CP 413 2,5,5,1 SNV and Detrend® 12 56 — 182 119 0.64 0.91 0.81
ADF 410 2,5,5,1 SNV and Detrend 14 19.0 — 36.1 27.6 0.83 0.92 1.07
NDF 413 2,5,5,1 SNV and Detrend 13 30.6 — 54.7 427 1.08 0.93 1.29

* Values are in order of the derivative of log 1/R, number of 2-nm datum points over which the derivative is calculated and
number of datum points used in running smooth 1 and smooth 2.

" Standard normal variate (SNV) and Detrend accounts for wavelength-dependent scattering effects.

¢ Number of terms in modified partial least squares regression.

¢ Standard error of calibration.

¢ Standard error of cross-validation.
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Fig. 1. The relationships between laboratory reference values and NIR predicted values of nutrient constituents for forage
corn and soybean intercropping. Horizontal axis: reference values, vertical axis: predicted values.
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Abstract

The aim of this research was to establish the calibration equations for determining the chemical components of forage
corn and soybean intercropping by near infrared spectroscopy (NIRS). The nutrient constituents included crude protein (CP),
acid detergent fiber (ADF) and neutral detergent fiber (NDF) were quantified. The 376 samples were collected and scanned
by NIR spectrums for setting up the basic calibrations. The standard error of cross verification (SECV) for CP, ADF and NDF
were 0.85, 1.09 and 1.25%, the standard error of calibration (SEC) were 0.71, 0.80 and 1.02% and the regression coefficients
(R%) were 0.89, 0.92 and 0.94, respectively. The basic calibration equations were verified and updated with another 52
samples. The results showed that the biases of the means for CP, ADF and NDF were -0.19, -0.50 and 0.13%, the standard
error of prediction (SEP) were 0.89, 1.49 and 1.66%, the slope were 1.01, 0.93 and 0.93, respectively. It indicated that the
basic calibration equations were accurate for samples from different sources. Then, the verified sample sets were added to
update the basic calibration. The SECV of the updated equations for CP, ADF and NDF were 0.81, 1.07 and 1.29%, the SEC
were 0.64, 0.83 and 1.08% and the R* were 0.91, 0.92 and 0.93, respectively. The RPD (ratio of performance to deviation)
were 3.4, 3.6 and 3.8 for CP, ADF and NDF, respectively. It indicated that the three calibration equations were acceptable for
predicting the nutrient constituents accurately. The sample ranges of the calibration equations were diverse and the results
demonstrated that the calibration equations established were accurate for constituents predicting. The calibration equations

could be applied for components rapid analysis of forage corn and soybean intercropping.

Key words: Forage corn, Soybean, Near infrared spectroscopy, Rapid analysis.
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