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Perennial ryegrass (n = 1,836), Italian ryegrass (n = 137) and hybrid ryegrass (n = 
103) herbage was taken from harvested plots from the Irish national variety evaluation 
scheme and analysed for in vitro dry matter digestibility, water soluble carbohydrate 
concentration, crude protein concentration and buffering capacity. Spectral data were 
obtained using near infrared reflectance spectroscopy and three calibration strategies 
(global, species-specific or local) were utilised to relate the reference values to the 
spectral data. The local strategy generally provided the poorest estimation of herbage 
composition, with global and species-specific calibration strategies producing similarly 
accurate estimates of each quality trait. The higher accuracy and easier maintenance of 
the global strategy make it the recommended calibration method for analysing quality 
of ryegrass.
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Introduction
Near infrared reflectance spectroscopy 
(NIRS) is a secondary technique for ana-
lysing herbage quality traits that uses 
predictive calibration models to relate 
spectral data to values obtained by stan-
dard laboratory procedures. Applying a 
combination of chemometric techniques 
and calibration methodologies form the 
basis of a calibration strategy, with no 
one approach being universally optimal 
(Givens, DeBoever and Deaville 1997; 
Stuth, Jama and Tolleson 2003). 

A global calibration strategy involves 
all samples within the calibration set 
being utilised, with multiple linear 
regression models relating spectral data 
to reference values (Burns et al. 2013). 
The local calibration strategy of Shenk, 
Westerhaus and Berzaghi (1997) is 
potentially more accurate in calibration 
sets that contain several forage species, 
as these could introduce non-linear rela-
tionships. The current study contains 
three species; perennial ryegrass (Lolium 
perenne L.), Italian ryegrass (Lolium 
multiflorum Lam.) and hybrid ryegrass 
(Lolium boucheanum Kunth), that may 
potentially introduce a bias between spe-
cies within the calibration models. A 
third strategy, species-specific, develops 
individual calibration models for each 
species from within the total calibra-
tion set in order to remove the bias 
between species. These smaller datasets 
can potentially lower the range within 
quality traits for the individual species-
specific calibration models.

The objective was to ascertain the opti-
mal NIRS calibration approach from three 
calibration strategies (global, species-spe-
cific and local) for assessing the in vitro dry 
matter digestibility (DMD), water soluble 
carbohydrate (WSC) concentration, crude 
protein (CP) concentration and buffering 
capacity of ryegrasses.

Material and Methods
Variety trials were carried out at the 
DAFM Variety Evaluation Centre, 
Backweston, Co. Kildare. These were 
sown in separate trials for each of the 
species perennial ryegrass, Italian ryegrass 
and hybrid ryegrass. Varietal monocul-
tures were harvested under a six cut com-
bined simulated grazing and conservation 
management schedule as described by 
Burns et al. (2013). Ryegrass samples (n = 
2,076) were collected from harvested plots 
and selected to ensure the calibration 
models encompassed the range in climatic 
conditions, species, developmental stage, 
ploidy, genotype and age of sward occur-
ring in the recommended list trials (Burns 
2012). 

Reference laboratory methods were 
carried out on each sample as described 
by Burns et al. (2013).

Absorbance (log 1/reflectance) of each 
sample was measured from 400 to 2,500 
nm at 2 nm intervals using a NIRsystems 
6,500 or a standardised NIRsystems XDS 
(Foss UK Ltd., Warrington, UK). Prior to 
development of calibrations each spectrum 
was trimmed to 1,108–2,498 nm at 2 nm 
intervals. Burns et al. (2013) established 
a standard normal variate and detrend 
(Barnes, Dhanoa and Lister 1989) and a 
1,4,4 derivation as spectral pre-treatments 
that produced the most accurate calibra-
tion models and these were applied to each 
spectrum using WinISI v. 4.00 (Infrasoft 
International, Port Matilda, PA, USA). 

Three calibration strategies were 
applied to relate spectral data to the ref-
erence values: 

(a) Global strategy – The global strategy 
of Burns et al. (2013) was used, in which 
the full calibration set (n = 2,076) was uti-
lised to form calibration models for each 
of the four quality traits. 

(b) Species-specific strategy – For the 
species-specific strategy the full calibration 
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set (n = 2,076) was divided into a subset 
for each individual species: perennial rye-
grass (n = 1,836), Italian ryegrass (n = 
137) and hybrid ryegrass (n = 103). The 
same approach for the global calibration 
was applied to each of these individual 
subsets. A weighted mean, as weighted by 
the number of samples from each species-
specific strategy, was calculated for the 
coefficient of determination (R2) and the 
standard error of calibration (s.e.c.) for 
each of the four quality traits for both the 
calibration and cross-validation models.

(c) Local calibration strategy – The 
local algorithm of Shenk et al. (1997) 
was used in which principle component 
analysis was initially applied to the cali-
bration set. Following this, an individual 
calibration was formed for each sample 
and quality trait whereby either 10, 25, 
50, 100, 150, 200 or 250 samples (k) were 
selected based on the closeness in hyper 
dimensional space. Subsequently a multi-
ple linear regression model was developed 
using the k samples to predict a value for 
the sample in question. This process was 
repeated for each individual sample so 

effectively an individual calibration set 
was generated for each sample.

For each of the calibration models a 
cross-validation was carried out in which 
a random four-fifths of the full calibration 
set was used to form the calibration mod-
els and the remaining samples were used 
as a validation set. The cross-validation 
procedure was carried out five times and 
the mean of the cross-validation proce-
dures calculated.

Results 
The calibration sample set displayed a 
wide range in each of the herbage quality 
traits when assessed by standard labora-
tory techniques. Samples ranged from in 
vitro DMD 576–890 g/kg; 50–430 g WSC/
kg DM; 57–267 g CP/kg DM and buffering 
capacity 188–736 mEq/kg DM (Table 1).

Overall the calibration models pro-
duced were accurate, with cross-valida-
tion coefficient of determination (R2

cv) 
above 0.94 in all cases, with the exception 
of in vitro DMD for a global strategy 
(R2

cv = 0.86), local strategy (R2
cv = 0.80, 

Table 1. Summary of the values obtained by standard laboratory techniques for four quality  
traits of three ryegrass species

n Mean Minimum Maximum s.d.

In vitro dry matter digestibility (g/kg)
Perennial ryegrass 1,836 801 629 890 36.9
Italian ryegrass 137 748 576 870 73.7
Hybrid ryegrass 103 773 587 886 70.7
Water-soluble carbohydrate (g/kg DM)
Perennial ryegrass 1,836 180 50 376 51.9
Italian ryegrass 137 207 92 430 74.4
Hybrid ryegrass 103 212 71 413 70.4
Crude protein (g/kg DM)
Perennial ryegrass 1,836 150 57 266 36.8
Italian ryegrass 137 128 73 267 40.5
Hybrid ryegrass 103 133 71 241 43.4
Buffering capacity (mEq/kg DM)
Perennial ryegrass 1,836 437 215 736 90.8
Italian ryegrass 137 360 188 559 87.5
Hybrid ryegrass 103 368 207 616 83.6
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k = 200) and species-specific strategy for 
perennial ryegrass (R2

cv = 0.78), and the 
weighted mean for the species-specific 
strategy (R2

cv = 0.80) (Table 2). The 
global and species-specific calibration 
strategies produced similarly accurate 
estimates of each quality trait. Comparing 
individual species sets within the species-
specific strategy, the accuracy of estima-
tions was relatively similar except for the 
in vitro DMD estimation in perennial 
ryegrass, which was the weakest estima-
tion. Applying the local strategy generally 
provided the poorest estimation of the 
three strategies, with in vitro DMD having 
the weakest estimates (R2

cv = 0.80). The 
R2

cv of the local strategy for WSC, CP and 
buffering capacity accuracy approached 
the levels of the other two strategies, but 
never exceeded them. 

Discussion
A global strategy uses all samples from the 
calibration set and should encompass as 
much of the variability as possible that the 
model will likely face in practice (Shenk 
and Westerhaus 1991). The current study 
had a large calibration set (n = 2,076) that 
contained three species and additional 
sources of variation (e.g., age of sward, 
seasonal developmental stage, genotype) 
that encompassed much of the variation 
the model will likely face in practise.

Berzaghi, Shenk and Westerhaus (2000) 
and Andueza et al. (2011) reported the 
increased accuracy of a local calibration 
strategy in comparison to a global strat-
egy for predicting herbage quality traits in 
calibration sets that encompassed several 
forage species. The greater accuracy of 
the global strategy in comparison to the 
local strategy in the current study may 
be attributed to the lack of bias and non-
linear relationships that existed between 
monocultures of three species within the 

same genus (Lolium), whereas Berzaghi et 
al. (2000) and Andueza et al. (2011) had a 
larger range of diverse forages (including 
ryegrass, red clover, lucerne, corn silage, 
haylage, small grain silage and total mixed 
ration) which could have potentially limit-
ed the performance of their global calibra-
tion models. The use of a global strategy 
may therefore be more appropriate when 
most variation is encompassed with little 
bias between factors in the model. 

The accuracy of the species-specific 
strategy for Italian and hybrid ryegrasses 
was higher than the species-specific strat-
egy for perennial ryegrass or the global 
strategy, and both Berzaghi et al. (2000) 
and Andueza et al. (2011) also found that 
a species-specific strategy produced the 
most accurate calibration models for some 
individual forage species. It is evident that 
the inclusion of the Italian and hybrid rye-
grass (i.e., global strategy) to the species 
specific approach for perennial ryegrass 
expands the range and distribution of in 
vitro DMD values (Table 1). This could 
potentially account for the increased accu-
racy of the global strategy in comparison 
to the perennial ryegrass species-specific 
calibration model. A comparable outcome 
occurred for the standard deviation of 
reference values with WSC, whereby there 
was a lower standard deviation for peren-
nial ryegrass samples than for both other 
species; however the resultant global and 
species-specific strategies were of similar 
accuracy. The range and distribution of 
reference values for CP and buffering 
capacity between species was quite similar 
(Table 1) and this may have led to the 
similar accuracy of the species-specific and 
global calibration strategies.

When considered across all species, 
a global or species-specific calibration 
strategy produced the most accurate cali-
bration models for WSC and CP, while for 
in vitro DMD the global strategy was the 
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most accurate strategy and for buffering 
capacity all three strategies were similarity 
accurate. It is thus recommended that due 
to the higher accuracy and easier mainte-
nance of the global strategy it would be 
the preferred approach when evaluating 
herbage quality of ryegrass samples. 
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