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Predicting pasture nutritive parameters using low-cost NIRS on fresh and dried samples
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Knowing the nutritive quality of pasture is essential for optimizing performance and welfare of grazing animals. The 
PASCOLOVE project aims to develop tools that allow farmers to rapidly assess pasture quality, thereby supporting 
daily pasture management and supplementation decisions. The project focuses on the use of low-cost NIRS technol‑
ogy with the goal of providing near-real-time information on pasture quality. During the first year of the project, pas‑
ture samples were collected from different plots at five farms, with four sampling sessions between May and October 
2025. To increase sample variability, additional 17 samples from Swiss alpine pastures were included, resulting in a 
total of 124 samples. Pastures were sampled in the morning (1 m2), stored in coolers, and processed in the afternoon 
or the following morning. Fresh grass samples were reduced to smaller particles (3–6 cm) using a garden shredder 
to improve homogenization and spectral quality. Spectra of wet samples were acquired in duplicate using two di‑
ode-array instruments (Corona Extreme, Zeiss, Jena, Germany; AuroraNir, Grainit, Padova, Italy). Samples were 
then dried at 60 °C, ground through a 1-mm screen, and scanned again with both instruments. Reference analyses 
included dry matter (DM), crude protein (CP), ash-corrected neutral detergent fiber (aNDFom), lignin (ADL), wa‑

ter-soluble carbohydrates (WSC), and digestible NDF (dNDFom30). These data were associated with both wet and 
dry spectra to develop partial least squares (PLS) calibration models. Cross-validation errors for wet and dry samples 
were respectively 1.8 and 1.9 %DM for CP; 2.5 and 4.5 %DM for aNDFom; 0.5 and 0.7 %DM for lignin; 0.8 and 
1.9 %DM for WSC; and 2.6 and 3.8 for UFL. Coefficients of determination (R²) for cross-validation of wet samples 
were relatively low, ranging from 0.10 for WSC to 0.70 for CP, whereas drying and grinding substantially improved 
model performance, with R² values ranging from 0.67 for UFL to 0.92 for CP. Prediction of pasture quality in wet 
samples remains challenging, as water acts as a strong interferent and reduces NIR prediction accuracy, resulting in 
errors that were nearly double those observed after drying and grinding.
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Developing grass-based veal production from male dairy calves may offer a low-input and welfare-oriented alter‑
native, particularly in organic systems. While previous studies reported significant univariate differences between 
farming systems, it remains unclear whether systems differ when all traits are considered jointly, and how trade-
offs emerge among production, animal health, environmental, and economic traits. We fattened 72 calves from 
90 to 180 days of age in four Swiss grass-based systems: one hay-based indoor system and three pasture-based 
systems located in lowland, mid‑elevation and alpine areas. Plant diversity was monitored repeatedly in pas‑

tures throughout the grazing season, and in-vitro methane production was assessed from rumen fluid collected 
on farms shortly before slaughter. Productivity, meat quality, animal health and carcass price were measured 
after slaughter. System differences were evaluated using a permutational multivariate analysis of variance (PER‑

MANOVA) followed by linear discriminant analysis (LDA). The PERMANOVA revealed a significant multivar‑
iate differentiation among systems (p < 0.001, R² = 0.35). The LDA showed a clear separation between systems 
(90% correct classification), mainly driven by average daily gain, meat quality traits and blood haemoglobin 
concentration. Alpine and mid‑elevation systems were associated with higher plant diversity and improved animal 

health, whereas the indoor system showed higher growth performance, lower in‑vitro methane production, and 

more protein-rich and tender meat. Despite these differences, carcass prices were similar between alpine and in‑

door systems, partially due to seasonal effects. These results highlight distinct trade-offs among grass-based veal 
production systems in terms of food provision, biodiversity conservation, and climate change mitigation, which 
should be considered in policy design and large-scale modelling.


