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Abstract

Major disadvantages of using tall fescue as forage grass are its low digestibility and animal voluntary 
intake. One of the factors explaining this is the high silica content of tall fescue in comparison with other 
forage grass species. �erefore, we evaluated the possibility to use NIRS on grass samples to predict the 
silica content. In 2014, we collected 297 samples on four di�erent trials with tall fescue. �ese samples 
were analysed by wet chemistry for silica content, the NIRS spectra were recorded and a calibration 
model was built. In 2015, forage samples of 25 genotypes in a breeding nursery were collected and 
used for validation of the calibration equation. �e mean silica content in this sample was 0.56% with 
a standard deviation of 0.14%. �e validation statistics indicated that prediction of the silica content for 
this independent validation sample was good (SEP 0.063%; R2= 82.2%). �e large variation in silica 
content found within the tall fescue genotypes and the ease of prediction using NIRS are a good basis 
for selecting tall fescue varieties with lower silica content.
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Introduction

�ere is no consensus whether silicon – commonly referred to as silica in ecological research because of 
its hardly separable bound with two oxygen molecules – is essential or not to plants. It is however certain 
that silica plays an important role in the tolerance against di�erent kinds of stress (Guntzer et al., 2012). 
In grass species e.g. silica protects against herbivory: in sheep preference trials, sheep grazed longer, took 
more bites and had a higher bite rate on grass species with low silica content (Massey et al., 2009).Tall 
fescue (Festuca arundinacea Schreb.) is a forage grass species with interesting properties in the light of 
climate change such as good drought resistance and high yield potential (Cougnon et al, 2014). Its low 
voluntary intake and low digestibility however, are damping the use of the species by farmers, and are 
brought into relation with the high silica content of this species compared to other forage grass species 
like perennial ryegrass (Lolium perenne) and meadow fescue (Festuca pratensis) (Hodson et al., 2005). 
Hence, studying the silica content of tall fescue genotypes can help to elucidate the factors that in!uence 
the low animal preference of this species and can eventually lead to varieties with an improved animal 
preference.

�e screening of a large amount of genotypes is hampered by the cumbersome analytical method. near 
infrared re!ectance spectroscopy (NIRS) is a high throughput method that is o"en used in grassland 
science to predict a wide range of parameters like crude protein content, digestibility or clover content 
of swards (Cougnon et al., 2013). Smis et al. (2014) developed a NIRS calibration equation that allowed 
testing the Si content of di�erent forest plant species. We tested whether it was possible to develop a 
NIRS calibration for silica content speci#c for tall fescue.

Materials and methods

Both the NIRS spectra and the Si content of 595 dried and ground grass samples from di�erent trials 
were determined during the years 2014 and 2015. Silica content was analysed using the wet chemistry 
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method described by the alkaline method of DeMaster (1981). In brief, about 25-30 mg grinded and 
homogenized plant material was mixed with 25 ml of Na2CO3 solution (0.1 M) and incubated in a water 
bath maintained at 85 °C for 4 hours. A�er �ltration (0.45 µm), the extractions were colorimetrically 
analysed for Si. NIRS spectra were recorded on a FOSS XDS Rapid Content Analyzer �e inverse 
re�ectance [log(1/R)] was measured from 400 to 2,500 nm in steps of 0.5 nm. From the 595 samples, 165 
were collected on a trial comparing the sheep preference of 19 genotypes of tall fescue on three occasions 
in 2014; 57 were collected from plants in a tall fescue clonal nursery on three occasions in 2014; 6 were 
collected in a tall fescue-perennial ryegrass pasture on one occasion in 2014; 69 samples originated from a 
trail were the agronomic performance of di�erent varieties of tall fescue, Festulolium, meadow fescue and 
perennial ryegrass was compared in 5 cuts in 2014; �nally 298 samples were harvested on two occasions 
in 2015 in a study of 25 clones and their progeny in three replicates.

�e 297 samples collected in 2014 were used to build a calibration equation. �e 298 samples harvested 
in 2015 were used to validate the equation. �e validation samples were independent from the calibration 
samples as they were harvested in a di�erent year and on a di�erent trial than the calibration samples. 
Calibration equations were developed in WinISI II 1.5 (Infraso�, Port Mathilda, PA, USA) using the 
partial least square regression method. A data pre-treatment was performed before regression: the �rst 
derivative of the spectra was taken (with gap 4 and smoothing 4) and scatter correction using standard 
normal variate (SNV) and detrend was applied. Standard errors of calibration, cross validation and 
prediction (SEC, SECV and SEP) were calculated, and the R2 of the regression between the lab values and 
the predicted values was calculated. No outliers were removed from the calibration or the validation sets.

Results and discussion

�e silica content in the 297 calibration ranged from 0.21 to 1.46%, with an average content of 0.62% 
and standard deviation of 0.19%. �e mean Si content in the validation set was 0.56% with standard 
deviation 0.14%. An equation with 15 variables was selected by minimizing the SECV: the SEC and 
SECV for this equation were 0.056 and 0.067% the R2 value of the regression was 96.0%. Validation of 
this equation resulted in an SEP of 0.063% the regression between the predicted values and the lab values 
had an R2 of 82.2% (Figure 1).

�e values of the statistics are in line with those found by Smis et al. (2014) for their equation for the silica 
content of graminoid species sampled in the alpine parts of the northern, sub-arctic zone of Norway: a 
calibration equation based on 198 samples and validated with 66 samples resulted in an SEP of 0.102, 
while the slope of the regression between the predicted values and the lab values was 0.97 and the R2 was 
0.95. By narrowing their data set only to 1 grass species (Deschampia cespitosa) the statistics were further 
improved with a slope of 1.02 and a R2 of 0.93.

�ese results suggest that NIRS can be used to predict the silica content both between plant species as 
within plant species, where the variation in silica is generally lower. Although the equation we developed 
with the available samples is not suited to determine the silica content very precisely of any tall fescue 
sample, it showed to be capable to discriminate genotypes with consistently high and low silica contents. 
For screening populations for breeding purposes this is su!cient. Adding supplementary samples from 
di�erent trails to the calibration set will make the equation more robust and may eventually lead to a 
calibration that allows a very precise prediction of the silica content in tall fescue.

Conclusions

NIRS can be used to discriminate between the silica content of di�erent tall fescue genotypes.
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Figure 1. Regression between the silica content of 297 grass samples determined in the lab and predicted using a NIRS calibration equation.


