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Sample collection
• A dataset of 2,127 corn silage samples submitted during the 2021–2023 crop years (August 2021 – July 2024) was obtained 

from Dairyland Laboratories, Inc (Arcadia, WI, USA). 
• Samples were previously analyzed for aNDFom (AOAC method 2002.04; AOAC International, 2023) and starch (acetate buffer 

method; Hall, 2015). 
• Spectra were collected every 2 nm over 1100 – 2500 nm to predict aNDFom and starch using NIR calibrations developed by 

Dairyland Laboratories, Inc. 
• Predictive performance of the NIR calibrations was evaluated across crop years using a subset of 50 samples selected per 

year from the Midwestern region of the United States (Illinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin) and across
regions using a subset of 20 samples from China, Europe, the Middle East, and North and South America.

• Samples were selected to evenly represent normal ranges for aNDFom (25 – 50% of DM) and starch in corn silage (18 – 48% of 
DM) and were not previously used for NIR calibration development. 

Statistical analysis
• Standard error of predictions (SEP) were compared across crop years and regions using F-test (Snedecor & Cochran, 1989). 
• Slopes of reference chemistry values vs. NIR predictions were tested for deviations from 1 and for differences by crop year or 

region using the ‘lstrends’ function from the ‘emmeans’ package (Lenth, 2022) in R 4.2.2. 
• Residuals (predictions - reference) were analyzed with ‘lm’ to assess biases by crop year or region. Type III tests were 

calculated with the ‘Anova’ function of the ‘car’ package (Fox et al., 2021) and group differences were evaluated using 
‘emmeans’.

• Bias within each group was also tested for deviation from 0.
• Significance was declared at p ≤ 0.05 and tendencies are discussed when 0.05 < p ≤ 0.10.

Figure 2. aNDFom (A, B, C) and starch (D, E, F) predicted by NIR for corn silage across the 
2021 (A, D), 2022 (B, E), or 2023 (C, F) crop years. The black line is a 1:1 bisector where 
reference values = predicted values. 
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Figure 3. aNDFom (A, C, E, G, I) or starch (B, D, F, 
H, J) predictions by NIR for corn silage across 
China (A, B), Europe (C, D), the Middle East (E, F) 
North America (G, H), and South America (I, J). The 
black line is a 1:1 bisector where reference values 
= predicted values.  
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Figure 1. Distributions of aNDFom (A, B) and starch (C, D) predicted by NIR for corn 
silage across crop years (A, C) or global regions (B, D)
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P-Value2SE1

Crop year

202320222021

aNDFom

0.19-1.381.311.49SEP

0.270.060.900.901.01Slope

< 0.0010.160.59b, *-0.01a-0.50ǂaBias

--0.910.850.79R2

Starch

0.13-1.481.451.70SEP

0.380.040.930.920.86Slope

0.260.190.13-0.19-0.38Bias

--0.920.900.84R2

P-Value3SE2

Region1

SANAMEEURChina

aNDFom

0.21-1.601.651.371.371.52SEP

0.990.080.970.950.981.030.96Slope

0.090.280.420.260.410.641.17*Bias

--0.900.820.910.910.93R2

Starch

0.12-1.311.611.511.581.22SEP

0.450.071.040.930.931.040.89Slope

0.230.30-0.060.46-0.540.28-0.17Bias

--0.960.940.910.910.93R2

Table 1. Validation statistics by crop year (n = 50 per year; August to July each year) for corn silage

Table 2. Validation statistics by region (n = 20 per region) for corn silage

1, 2 Lowest standard errors (SE) and P-Values are presented within a comparison
a, b Different values within a row differ (p < 0.05) or ǂ tend to differ (0.05 < p ≤ 0.10)
ǂ Tend to differ from 0 (0.05 < p ≤ 0.10) or * differ from 0 (p < 0.05)

1Europe (EUR), Middle East (ME), North America (NA), South America (SA)
2, 3 Lowest standard errors (SE) and P-Values (P) are presented within a comparison
*Bias differed significantly from 0 (p < 0.05)

• Early commercial near-infrared reflectance 
spectroscopy (NIR) calibrations relied on localized 
datasets (Mahanna, 2008) which raised concerns 
about transferability across regions

• Current best practices emphasize diverse datasets 
across crop years, regions, and hybrids to improve 
calibration reliability and applicability (Shaver, 2005; 
Abrams et al., 1987)

• Larger commercial laboratories now develop and 
license calibrations built from diverse datasets to 
smaller, regional laboratories

• Despite this, concerns about cross-regional 
transferability persist in the industry (Husmoen and 
Kern, 2023)

• This study evaluated the accuracy of NIR calibrations 
for aNDFom and starch in corn silage across crop 
years and regions.

• For corn silage, variation for aNDFom and starch across crop years within the Midwestern United States was minimal, while 
differences across global regions were more pronounced (Figure 1)

• Slopes for aNDFom did not differ among crop years (Figure 2) or regions (Figure 3), and none differed significantly from 1

• Bias for aNDFom was highest for 2023 and tended to be lowest for 2021 for Midwestern corn silage (p = 0.08, Table 1). For 2023, bias 
was greater than 0, while for 2021, bias tended to be less than 0 (p = 0.08).

• aNDFom bias for China was greater than 0 (p < 0.05, Table 2) but only tended to be higher for China than the other regions 

• For starch, slopes did not differ among crop years or regions, but the slope for 2021 Midwestern corn silage was less than 1 (p < 0.05)

• Biases for starch did not differ among crop years or regions, and none differed significantly from 0

• For regional comparisons, alternative drying or grinding methods adopted based on local resource availability may have introduced 
variability at affiliate laboratories, potentially contributing to the perception of regional bias.

• Concerns about cross-regional transferability of NIR calibrations may stem from differences in reference methods, similar but distinct 
nutrient definitions (ex. aNDF vs. aNDFom), or vague sample descriptions that lead to misapplied calibrations

• NIR prediction errors did not vary across 
crop years or regions for corn silage

• Apparent regional variation in NIR prediction 
accuracy is more likely due to 
inconsistencies in reference methods or 
improper sample preparation (drying or 
grinding) than to limitations in calibration 
transferability

• Consistent reference methods and proper 
sample preparation are just as critical for 
assessing NIR transferability as they are for 
comparing chemistry results directly
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