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NIRSC equations

Updates of hay equation

• Data sets:
1. ISI expandable (#594)
2. Samples used to expand ISI (#1013)
3. Updates received from commercial labs in 2001

(#654)
4. NFTA AH samples for year 1999 and 2000 (#10)

Year 2002



2

Updates of hay equation effect of lab
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Year 2002

Going to 5000 Spectra

• 5000 Global Equations:
–Hay
–Haylage
–Corn Silage
–Grass

Year 2003
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4500 Hay Equation

Constituent N Mean SD SEC RSQ SECV 1-VR 
 PROTEIN 1630 16.96 5.52 0.80 0.98 0.82 0.98
 ADF 1443 36.24 6.54 1.64 0.94 1.69 0.93
 ADP 173 0.92 0.26 0.14 0.70 0.15 0.67
 P 1263 0.26 0.08 0.04 0.73 0.04 0.70
 CA 1274 1.15 0.47 0.17 0.86 0.18 0.85
 K 1137 2.42 0.77 0.37 0.77 0.38 0.76
 MG 1143 0.27 0.09 0.05 0.63 0.05 0.60
 NDF 1013 48.99 11.51 2.33 0.96 2.44 0.96
 DM 103 93.84 1.61 0.22 0.98 0.28 0.97

Year 2003

5000 Hay Equation

• 175 from the 4500 equation
• 105 1993 legume hay samples
• 150 Ward 2000 & 2001samples
• 36 Stearns DHIA samples (98-00)
• 103 Ward ( 99& 00) 
• 118 SDSU (99 - 01)
• 150 Dairy Tech

Year 2003
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5000 Hay Equation

• Several ash samples (95 ash equation 
& UM)

• 160 from the dNDF equation
• 106 from the RUP equation
• 112 from the CS & LH DM of 105 for 

3 hrs
Year 2003

5000 Hay Equation
Constituent N Mean SD SEC RSQ SECV 1-VR 
 DM 106 93.87 1.50 0.24 0.98 0.31 0.96
 PROTEIN 1005 18.64 5.08 0.75 0.98 0.79 0.98
 ADF 932 34.02 6.53 1.61 0.94 1.68 0.93
 NDF 1055 45.61 11.69 2.00 0.97 2.08 0.97
 dNDF48 142 21.66 5.50 1.73 0.90 2.04 0.86
 IVTDMD 141 77.86 5.14 2.42 0.78 2.78 0.71
 ASH 481 8.17 2.96 0.75 0.94 0.86 0.92
 Lignin 101 7.50 1.97 0.75 0.86 1.04 0.72
 FAT 188 1.99 0.76 0.19 0.94 0.22 0.92
 RUP 96 24.76 6.12 1.35 0.95 2.06 0.89
 CA 667 1.13 0.52 0.15 0.91 0.17 0.89
 P 652 0.27 0.08 0.04 0.80 0.04 0.75
 K 249 2.44 0.54 0.20 0.87 0.22 0.83
 MG 248 0.30 0.07 0.03 0.80 0.04 0.75Year 2003
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Calculated Hay Equations
Calculated Equations: 

MOISTURE=100-DM

NEL=1.0876-(.0127*ADF)

TDN=4.898+(89.796*NEL)

ENE=82.6*NEL

ME=.01642*TDN

NEM=-.508+(1.37*ME)-(.3042*ME*ME)+(.051*ME*ME*ME)

NEG=-.7484+(1.42*ME)-(.3836*ME*ME)+(.0593*ME*ME*ME)

DDM=88.9-(.779*ADF)
DRYMI=120/NDF

RFV=(DRYMI*DDM)/1.29

NDFD=dNDF48/NDF*100

NFC=100-((NDF-2)+PROTEIN+2.5+ASH)

TDN1=(NFC*.98)+(PROTEIN*.87)+(1.5*.97*2.25)+((NDF-2)*((NDFD*.664+22.7)/100))-10

DMI1=-2.318+.442*PROTEIN-.0100*PROTEIN*PROTEIN-.0638*TDN1+.000922*TDN1*TDN1

DMI2=.180*ADF-.00196*ADF*ADF-.00529*PROTEIN*ADF

DMI3=DMI1+DMI2

RFQ=(DMI3*TDN1)/1.23 Year 2003

NEW 5000 equation
• During 2003 therehas been problem with

the new equation, particularly with NFTA 
samples.

• A long work of ‘cleaning’  to remove all the 
non – legume samples was made, resulting
in Lhay50 equation specific for legume hay
in an effort to improveNFTA and western 
lab that receive more pure alfalfahay
samples

Year 2003
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NEW 5000 equation – 50ahy-3

0.882.780.932.097.8367.66103ddm

0.882.350.961.46.7825.37102RUP 

0.920.220.940.190.761.99188FAT 

0.731.030.850.751.977.5101Lignin 

0.920.870.930.83.028.43529ASH 

0.750.040.760.040.090.26550MG 

0.830.30.850.280.712.32556K 

0.750.040.780.040.080.28663P 

0.890.170.910.160.521.13676CA 

0.862.140.891.955.7821.73196dNDF48 

0.951.740.961.67.940.54657NDF 

0.931.720.941.666.5534.1946ADF 

0.950.680.950.632.9420.81610PROTEIN 

0.960.310.980.241.593.87106DM 

1-VR SECV RSQ SEC SD Mean N Constituent 

Conclusions

• Developing an equation for a network is not easy!!
• The challenge is selecting the population and 

develop a calibration that fit all labs in different
part of the country.

• Sample preparation (drying, grinding) hasa great
impact on calibration performance. Working with
one equation requiresstandardized prep
procedures and yet wemay have to make in house 
adjustment.
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naming system of EQAs

year product code    Instrument model
equation level

07AH 50 -3

Product codes: AH= Legume hay; CS= corn Silage; 
GH= Grass hay; MH= Mixed hay; HG= Haylage.

Instrument Model: 45=Foss 4500; 
50=Foss 5000+6500.

07AH50-3.eqa 

06AH50-3.eqa0.882.350.961.406.7825.37102RUP

06AH50-3.eqa0.920.220.940.190.761.99188FAT

06AH50-3.eqa0.731.030.850.751.977.50101Lignin

06AH50-3.eqa0.920.870.930.803.028.43529ASH

NEW0.700.050.750.050.090.32339MG

NEW0.800.270.850.240.612.49343K

NEW0.670.040.720.030.060.26391P

NEW0.690.180.740.160.321.47395CA

NEW0.862.100.891.915.6720.48287dNDF48

NEW0.951.750.951.697.8040.92901NDF

NEW0.901.800.911.755.8132.38737ADF

NEW0.950.640.960.592.9720.73615PROTEIN

-106AH50-3.eqa0.960.310.980.241.5093.87106DM

Bia
ssource 1-VRSECVRSQSECSDMeanN

Constituen
t
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07AH50-3.eqa 

“The legume equation received the updates with 13 samples 
received from three different labs. Also this year the potential
update for DM didn’ t fit well. The process we have in place 
with the scanning on the master an the analysis run in a 
different lab, impose a time delay with changes in moisture 
that are not compatible with updates. However, the DM 
calibration has responded quite well. I’ve noticed a bias 
compared to historical NFTA sample that was applied this 
year to the equation. I general the small addition of sample 
hasn’ t changed much the equation performances”

EQA guidelines

• NIRSC equations are supplied with 
appropriate files to report Global H (GH) 
and Neighborhood H (NH) values for all 
analytes.  It is important to monitor these 
values and deal appropriately with samples 
yielding GH and NH values beyond 
acceptable thresholds. 
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EQA guidelines
• Limits - GH < 3  , NH 0.6-1.2
• Should be acknowledged as having a poor NIRS 

match.
• Wet chemistry analysis may be necessary to 

confirm analytevalues.
• Improper sample preparation (drying and 

grinding) and conservation (molding) are common 
causes for large GH values. Before considering 
these samples for selection, it should be establish 
if they were prepared correctly. 

EQA guidelines

• All of the samples with larger GH/NH 
values should be rescanned by refilling a 
second cup to confirm the particular 
characteristic of the spectra and it wasn’ t a 
simple sampling error.
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EQA guidelines

• NIRSC equation should not be biased!!!


