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In order to create an accurate and uniform grading system, it is imperative
that all prescribed procedures regarding sampling, the handling of samples,
NIR analyses, identification of outliers, quality standards and certification be
meticulously applied.

1.

Sampling

The following procedure should be taken during sampling:
1.1

Identify a single lot of lucerne bales, in other words, a homogeneous
amount of lucerne bales with :
*
*
*
*
*

1.2

same cut
same variety
same farmland
same physiological stage
cut within a period of 48 hours

Sampling should be done randomly
This implies that no predetermined reason should exist for a particular
bale to be selected and/or be selected on account of colour, leafiness, etc.

1.3

Sampler/Probe specifications
A standardized hollow core probe (Fig. 1) as prescribed by the NLT, is
used to establish quick and easy, and representative sampling.

Figure 1.

Prescribed lucerne hay probe

1.4

The correct drilling technique should be applied (Also see hay probe
instructions)
*
*
*

1.5

Ample sub-samples extracted proportionately spread over the lot should
be taken.
*
*

1.6

1.7

a minimum of 20 is needed to limit variation.
number of sub-samples per bale
* small bales = one
* large or round bales = two

Sample size
*
*

180 to 250g is expedient.
A sample less than 180g would be deemed to be nonrepresentative.

*

If a sample should exceed 250g, handling during the grinding
process would be impaired, because the entire sample has to be
milled. If samples are found to be too large, it is normally the
result of the drill being too large.

Handling of samples
*
*

1.8

Insert the drill into the centre of the topside of the bale at 90º
degrees or in the centre of the side of a bale at an angle of 45º
degrees.
The drill should be inserted to at least 325mm (as indicated on
drill).
The bit of the drill should be sharpened constantly.

Unmilled sub-samples should be immediately combined,
thoroughly mixed and sealed into air-tight bags for transporting to
the closest NLT-registered NIR-instrument, where applicable.
All samples should be protected against heat and direct sunlight.

Division of a sample
*

unmilled samples should, under no circumstances, be sub-divided.

2.

Handling of samples

2.1

Perten DA 7200 instrument
Equipment (collection bowl, plastic bag, scraper) (Fig. 2)

Figure 2.

Grading equipment

Step 1:

Pour sample from collection bottle into plastic bag.

Step 2:

Mix thoroughly in plastic bag. (Fig 3).

Figure 3.

Mix sample in plastic bag.

Step 3:

Divide sample equally between two bowls. (Fig. 4)

Figure 4.

Division of sample

Step 4:

To level, scrape bowls slightly with a ruler or other flat
object, without compacting contents (Fig. 5)

Figure 5.

Levelling of sample

Step 5:

Take readings of both bowls. (Fig. 6)

Figure 6.

Taking a NIR reading

Step 6:

Pour contents of bowls and residue back into plastic bag
and repeat steps 1 to 4 (Fig. 7) to obtain average readings
for 4 bowls.

Figure 7.

Repetition of process

2.2

3.

Foss instrument
Step 1:

Grind entire sample in collection bottle by way of a
prescribed laboratory mill with a 1 mm sieve (Fig. 8). This
mill should be serviced annually to ensure correct fineness.

Figure 8.

Prescribed laboratory mill

Step 2:

Mix sample thoroughly in bottle before transferring to
applicable Foss container, place in NIR-instrument and take
a reading.

Step 3:

Clean mill thoroughly after every milling of a sample to
prevent contamination.

Identifying outliers
It is of the utmost importance that outliers should be identified and those
particular samples saved and presented to the NLT for further calibration
development. The following process should be taken for the identification
of outliers.

3.1

Perten

Outlier Identification for Lucerne samples Using a
DA 72XX Diode Array Based NIR Analysis System
NIR technology has the ability to indicate whether or not samples presented to
instruments will match the existing calibration being used.
The Perten DA72XX makes use of Mahalanobis distances to indicate acceptable
or unacceptable spectral matches against existing calibrations.

Once an analysis has been completed, a sample will be flagged under the ‘match’
column as either ‘yes’, ‘possible’ or ‘no’.
‘Yes’ indicates:
1. Good spectral agreement with the calibration sample spectra according to the
”limits” in the “Mahalanobis Distance / Leverage” setting (done upon
installation)
2. The component/parameter results are within the limits expected for the
product.
3. The component/parameter results are within the limits set in the calibration
model.
‘Possible’ indicates:
Fair spectral agreement with the calibration sample spectra according to the
”limits” in the
Mahalanobis Distance / Leverage” setting (done upon
installation)
‘No’ indicates:
1. Poor spectral agreement with the calibration sample spectra and/or…
2. that the component/parameter results are outside the limits expected for the
product and/or…
3. that the component/parameter results are outside the limits of the calibration
model.
‘Yes’ results can be accepted as correct and can be used in conjunction with the
NLT guidelines for grading of Lucerne.
‘Possible’ results should be re-analysed before official grading takes place. If a
second ‘Possible’ result is obtained, the sample should be retained for further
calibration purposes.
‘No’ results should be retained immediately for further calibration purposes.
These samples will be used to ensure that future versions of the calibration are
made more robust and these sample’s spectra will be added to the calibration
database. ‘No’ samples are to be reported immediately to the NLT. These samples
will most probably contain excess foreign material which may be removed and
the sample re-analysed. If a further ‘No’ match is obtained, the results cannot be
used and should be reported to the NLT as such.
3.2

Foss

Outlier identification
For a quick graphical explanation of H outliers, please see Outlier identification.
Infrasoft International (ISI) has been using the concept of H outliers as a test for
the confidence that can be placed in the predicted values since 1980. As NIRS is a
secondary measurement (a measurement based on a primary reference such as
wet chemistry), it is important that some measure of confidence in the
measurement is expressed. The underlying theory in the H test is that the closer

the unknown is to the samples that were used calibration, the more confidence
the user can have that the unknown will be correctly modelled.
H outliers are determined solely on the unknown sample's spectrum, and have
no relation to the predicted values. They are calculated by comparing the
spectrum of the unknown sample to that of the samples that were used to create
the calibration.
H outliers are based on Mahalanobis distance measurements. This is a statistical
calculation based on the variance in the population's spectra. The Mahalanobis
distance can be thought of as describing how well the unknown sample fits with
the samples that were used to create the calibration. The lower the H values, the
closer the fit. If the unknown sample has a spectrum that is very similar to those
in the calibration set, it will have low H values and it can be assumed that the
calibration will do a good job of predicting that sample. Conversely, if the
unknown is very different from the calibration samples and has high H values,
the sample does not fit in the calibration and less confidence should be placed in
the predicted values.
There are two types of H outliers that ISIscan™ uses; G H (Global) and N H
(Neighborhood). In each case, the lower the H value, the higher the confidence in
the predicted values. G H describes the fit of the unknown in the calibration
population. Generally, samples with a G H > 3.0 are considered outliers, but this
is somewhat calibration and product dependent.
N H indicates how close the nearest neighbouring calibration sample is to the
unknown. The closer the sample readings, the higher the confidence that the
unknown is modelled well in the calibration. A high N H (> 1.0), indicates either
that the unknown has found a "hole" in the calibration or that the sample is
outside the calibration set. In the first case, the unknown will have a G H < 3.0,
indicating that the sample fits in the overall population. If possible, this sample
should be saved and added back to the calibration set to "fill the hole." In the
second example, the sample will have a G H > 3.0 along with the N H > 1.0. This
unknown does not belong and should either be repredicted with a different
prediction model or not used.
Both G H and N H calculations start with a PCA (principal component analysis)
that analyzes the samples in the calibration set and characterizes all samples
according to principal component scores. The unknowns are then compared to
this dataset.

4.

Quality standards

Quality standards – New Lucerne Quality Index (NLQI)
Grade/ Class NLQI1
Prime

Foreign material (%)

1

104
higher
97 - 103

& Absent

2

93 - 96

Present

3

92 & less

Present

Absent

HJ van der Merwe & GDJ Scholtz, 2010

1

=

New lucerne quality index (NLQI)
Maximum moisture allowed to prevent mould and heating, as determined by a
NIR instrument = 16%.
Loads containing harmful plants and proclaimed weeds are returned (Fig. 9).
Loads issuing strange smells, mould and any signs of over-heating can be
downgraded or returned.
Loads which can obviously be identified as of mixed quality will be classified
as the lowest grade within the load.

Figure 9.

Forbidden and harmful plants

5.

Certification on Perten instruments

Printing of NLT Certificate using Perten DA7200 / DA7250:
After the sample has been correctly prepared and analysed by the Perten
DA7200 or Perten DA7250, the results page is automatically displayed.

At the right bottom corner of the page, you will have a button “Export Grading
xml”.

When you click on this button, another pop up will appear where you will be
required to complete:

“Generate Grading Certificate XML” is the first pop up that will come up. In there
you will need to enter the Buyer and Seller. When you click on the browse button
next to the Buyer/Seller fields, another pop up will come up where you can
Select, Insert, Change or Delete a Buyer / Seller.
When you have completed the Buyer and Seller fields, click on “Generate XML”
button.
You will be taken back to the Results screen.

Next step, you will need to go to the NLT Certificate Printing Software.

The NLT Software will automatically bring the results through into the NLT
program.
On the right, there is a column that is labelled “Printed”. New certificates that
have been brought in but not been completed and printed will not have a tick
mark next to it.
Click on the appropriate certificate and click on “Preview Certificate” which will
take you to the details of the certificate.

In this screen, all options except “Batch/Truck No”. are required fields.
Click on: “Save and Print” to update the certificate details and preview the
certificate.
You will then be taken to the actual certificate where you can print it out.

5.1

Certification Certificate

5.1.1 Interpretation of analyses
NLQI is calculated from the following analyses:
1. ADF

2. ASH

ADF results can vary between 21 and 47%. Lower ADF is concomitant
with a higher NLQI. In practice this could be attained by earlier cutting
and limiting of leaf-loss during the haymaking process.
The ash analyses may vary between 7 and 30%. Lower ash content
will lead to a higher NLQI value. A value r as 14% is an indication of
extremely high soil contamination, which should be limited during the
haymaking process. Furthermore, a high calcium fertilizer with a high
K – and therefore, ash content – is concomitant. Extremely low ash
values should be treated and interpreted with the utmost care. This
can be an indication of an outlier which can normally occur during any
season. A value of this kind should be reported to the NLT as soon as
possible, for investigation and possible rectification.

3. LIGNIN
The lignin content may vary between 4 and 16%. Low lignin is
conducive for a higher NLQI value. Once again, this may be achieved
with an earlier cutting stage and limitation of leaf-loss.
The inter-relationship between different parameters may vary from season
to season, thus influencing the lucerne hay matrix. Such a differentiation can
subsequently have an impact on the lucerne hay calibration. Participation in
the annual validation process and identification of outliers is of the utmost
importance to ascertain consistent predictions by NIR instruments.

Values outside the abovementioned confines are to be
considered as outliers and should be saved for continuing
analyses and calibration development purposes. Furthermore,
die NLQI value of this particular lucerne hay sample is not a
correct indication of lucerne quality. The NLT should be
contacted in such cases for recommendations.

LucerneTechConsult (LTC) hay probe Instructions
The patented design of the LTC-Probe™ allows for quick and representative
sampling of large stacks of hay. The probe is self-unloading and is supplied with
a collecting bottle (capacity for 20 core samples) and a cleaning rod with plastic
protecting sleeve, which protects the operator against personal injuries when
using the cleaning rod, and also protecting the cutting edge of the probe during
storage.
Two following sampling procedures are prescribed to get a representative core
sample from baled hay:
Remove the cleaning rod and push the probe into either end of the bale near the
center at a 90° angle, or at the side of the bale at a 45° angle. Be sure to push the
entire shaft into the bale. By using the cleaning rod, drive each core into the
collection bottle after each sampling attempt. Repeat this procedure to obtain a
minimum of 20 samples per truckload. Wet hay will wedge in the probe if more
then one sample is taken as described in the above procedure.
The cutting edge can be sharpened with a small round file from time to time. Do
not change the angle of the cutting edge. For protection of the cutting edge
always replace the cleaning rod and protection sleeve back onto the probe.
This probe should be used according to the standardised NLT sampling protocol as
discussed in the NLT lucerne hay grading guide. For any information regarding the LTC
Hay Probe or Sampling protocol please contact our office at 0613104100 or email
gsbinfo@nashuaisp.co.za.

