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Introduction 
 
Recent advancements in the field of infrared reflectance spectroscopy (NIRS) have 

generated interest in the agricultural industry regarding the development of handheld 
spectrometers to estimate forage nutritive value (Borba et al., 2021; Giussani et al., 2022; 
Rego et al., 2020). Though NIRS has been used to evaluate forage nutrients since the 
1980’s, advances in spectrometers that minimize background noise and enhance stability 
of measurements have allowed the possibility of NIR spectroscopy use at the farm level 
(Digman et al., 2022; Gorla et al., 2022). Over half a dozen handheld NIR scanners have 
become more readily available over the past decade and this number is expected to 
increase significantly as the technology develops, providing a rapid, accurate, cost-
effective method for the average consumer to conduct their field analyses (Beć et al., 
2021). However, a major drawback associated with NIRS involves the need for calibration 
development, a procedure that requires robust assessment to capture the wide variation 
of forage quality that exists (Evangelista et al., 2021; Gorla et al., 2022). Continued 
evaluation of spectrometers and calibration equations is therefore needed to validate the 
performance of handheld NIR instruments in the agriculture sector (Beć et al., 2020; 
Catunda et al., 2022; Rukundo et al., 2020).  

 
The Neo Spectra Scanner is one of the few hand-held NIR units that allows users 

to access the spectra and develop calibrations. This device accurately predicts forage 
nutritional value in dried, ground alfalfa and grass samples (Digman et al., 2022; Gorla et 
al., 2022). Other handheld NIR devices have been used to analyze different nutritive 
parameters of fresh forages (Carreira et al., 2021; Thomson et al., 2022), but calibrations 
estimating grass percentage in grass:aflafa mixes have not appeared in the literature. 
Additionally, various scanning techniques have been utilized, but no study has made 
specific comparisons of methodology.  

 
On-farm NIR analysis will be particularly important for alfalfa-grass producers, to 

improve field management and optimize nutrient management by reducing variability in 
dairy rations, thus creating opportunities for more sustainable dairy farm production 
systems (Cherney et al., 2020). With over 84% of alfalfa sown in New York State grown 
in combination with a perennial grass, providing farmers with the tools to estimate grass 
content of mixtures using a hand-held unit will be a cost-effective solution to the problem 
of evaluating and managing variability in alfalfa-grass composition (Karayilanli et al., 
2016). The Neo Spectra Scanner has great potential with a wide NIR spectral range of 
1,350 to 2,500 nm, given all other hand-held instruments have a narrower NIR scanning 
range (Beć et al., 2021; Giussani et al., 2022). The objective of this study is to determine 



a scanning technique between two alternatives, and to develop a calibration equation for 
the Neo Spectra Scanner for estimating grass percentage in alfalfa-grass fresh mixtures. 

 
Materials and Methods 

 
Sample Collection and Preparation 

 
Samples of either grass and alfalfa were collected during the growing seasons of 

2021 and 2022 between May and October. Forage samples were collected from six 
privately owned, commercially operated dairy farms located within a 40-mile radius 
around Ithaca, NY. Samples consisted of a wide variety of forage maturities in an attempt 
to cover the range of grass:alfalfa stands that can exist on a dairy farm in the NE. Several 
different alfalfa cultivars were included, along with grass cultivars from seven grass 
species: tall fescue (Lolium arundinaceum), meadow fescue (Schedonorus pratensis), 
orchardgrass (Dactylis glomerata L.), reed canarygrass (Phalaris arundinacea L.), Brome 
grass (Bromus inermis), Quackgrass (Elymus repens), and timothy (Phleum pratense L.). 
Approximately three kilograms of each pure forage stand was hand-harvested at a 10cm 
stubble height with a battery-powered clipper, from an area roughly 2 m2 that varied 
depending on the growth stage. Samples were coarsely chopped as soon as possible 
using a HEGE 44 Laboratory chopper (Wintersteiger, Salt Lake City, UT).  

 
Mixed samples were made up of pure chopped grass and pure alfalfa with an 

increasing proportional mix of fresh grass to alfalfa. Mixed samples that ranged from 
approximately 20% to 80% grass were made and combined subsamples were mixed well 
before being scanned.  

 
Instrument and Scanning Procedure 

 
A NeoSpectra-Scanner (Si-Ware-Systems, Cairo, Egypt) was used to analyze the 

fresh chopped forage samples. Spectra collected were in the range of 1350-2550 nm 
(257 wavelengths) using the proprietary application provided on an Android tablet. Each 
sample was distributed uniformly in a 410 x 40 x 13 cm deep rectangular container, 
maintaining a thickness of at least 5 cm (Figure 1). The stationary scanning procedure 
involved placing the scanner firmly on the forage sample for four seconds per scan and 
taking four scans at different locations in the container. The sliding scan involved direct 
contact of the scanner with the forage material for four seconds as the device was 
dragged over the forage sample. Between each sliding scan, approximately 2cm was 
removed from the top layer to ensure scanning of a different part of the sample. As with 
the stationary scanning technique, four sliding scans were taken for each sample. 



 
Determination of Grass Percentage  

 
Grass percentage of a mixed sample was estimated by a multi-step procedure. 

After each forage collection, one pure sample of grass and one of alfalfa, each weighing 
approximately 250g, were oven dried for 48 hours. The proportion of dry matter of each 
pure fresh forage type was determined. These proportions were utilized to estimate the 
dry matter weight of both the grass and the alfalfa part of a mixed sample. To estimate 
the grass percentage of a mixed sample the dry matter weight of the grass was divided 
by the sum of the dry matter weights for grass and alfalfa, and then multiplying by 100.  

 
Model Development 

 
All data manipulation and plotting were performed in MATLAB version 9.12 

R2022a (MathWorks, Inc., Natick, MA, USA). Spectra included two datasets, stationary 
and sliding. The four spectra from repeated scans were averaged to obtain one spectra 
per sample. For each of these two datasets, a randomly selected portion (25%) was held 
out for external validation.  

 
Calibration models were built in PLS Toolbox version R9.1 (2022 Eigenvector 

Research, Inc., Manson, WA, USA) using partial least squares (PLS) regression. The 
dependent variable was the percentage of grass, and the independent variables were the 
averaged spectra. Preprocessing methods applied were mean-centering (MC), mean-
centering and Savitzky-Golay smoothing (SG), both of which have been previously 
applied in NIR forage research (Berzaghi et al., 2021; Digman et al., 2022; Gorla et al., 
2022; Rego et al., 2020). Five-fold cross-validation was used to determine the optimal 
number of latent variables for the PLS analysis. The performance of each calibration 
model was evaluated by external validation. The model obtained using the calibration 

Figure 1: The Neo Spectra instrument and sample in 
preparation for scanning. 
 



data was fit to the held-out data and the root mean squared error on the held-out data 
was determined, which is known as the root mean square error of prediction (RMSEP). 
For each model, R-squared was also reported and used as a model performance 
measure. 

 
Results 

Spectral Data 
 
In total, 534 samples were scanned resulting in 4272 scans. Variability in spectral 

data of stationary scans was greater than that of sliding scans (Fig. 2).  
 

  
Figure 2: Reflectance spectra for the four stationary (A) and four sliding (B) scans for 
sample #414. 

 
Of the 534 averaged spectra, 133 were held out for external validation; the same 

sample numbers were held out for both stationary and sliding scanning techniques. 
Average reflectance of each sample mean-centered (Fig. 3), for both scanning techniques 
reveal that there is considerably more variability in spectra across the 100% grass 
samples (red) than with 100% alfalfa samples (blue). The pure alfalfa spectra are typically 
below zero in these figures, while the 100% grass spectra are largely above zero, 
illustrating the capacity of the NIR spectrometer to predict grass % in a grass:alfalfa fresh 
mix.  
  

A B 



  
Figure 3: Mean centered average reflectance by wavelength and grass percentage 
using the stationary technique (A) and the sliding technique (B) (n=401). 

 
Calibration and Validation Performance  

 
Comparison of RMSE calibration to RMSE cross validation indicated that using 15 

latent variables did not result in over fitting and therefore 15 latent variables were chosen 
for the analysis (Table 1). Preprocessing methods performed on both calibration and 
prediction datasets that resulted in the highest R-squared and lowest RMSE were MC. 
Calibration model performance was good with an R-squared of 85% for sliding and 72% 
for stationary. Reduction in R-squared from calibration to prediction was 7% for both 
stationary and sliding illustrating that the calibration model adequately estimates grass 
percentage in a grass:alfalfa mix sample.  

 
Table 1:Calibration, cross-validation and prediction R-squared and RMSE for sliding and 
stationary techniques for reflectance spectra. 
  Calibration Cross Validation Prediction 
  R-squared RMSE R- squared RMSE R-squared RMSE 
Reflectance       
Stationary       
 MC 71.8% 18.308 63.3% 20.927 65.1% 19.796 
 SG 71.8% 18.331 63.6% 20.928 65.1% 19.806 
Sliding       
 MC 85.0% 13.373 80.6% 15.259 78.0% 15.613 
 SG 85.0% 13.392 80.6% 15.262 77.9% 15.619 

Notes: RMSE=root mean square error; MC=mean-centered; SG= mean-centering and 
Savitzky-Golay smoothing. 
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Figure 4: Scatter plot of observed and predicted grass percentage for stationary (A) 
and sliding (B) scanning technique.  

A scatterplot of the actual grass percentage and the grass percentage predicted 
by the calibration equation indicates that the correlation between the observed and the 
predicted is 72% for stationary and 85% for sliding (Fig. 4). The red dashed line of best 
fit is below the green perfect fit line for the higher percentages of grass suggest that the 
calibration equation is underestimating the grass percentages in mixtures that contain 
proportionally more grass compared to alfalfa. Similarly, at the low end when there is a 
low percentage of grass in the forage mix, the model overestimates the amount of grass 
with about a 10% error.  

Discussion 

The sliding technique provided a less variable spectra and performed better than 
the stationary technique in modelling.  A calibration equation was developed that results 
in a correlation in excess of 90% on the calibration data and an R-squared close to 80% 
on data that was not used in the development of the equation (Table 1). No previous 
research has been published on the estimation on the percentage of grass within a fresh 
mixed grass:alfalfa sample using handheld NIRS technology. This technology has 
however, been applied to predicting the nutritive value of fresh forage, specifically neutral 
detergent fiber (NDF) and crude protein (CP). Carreira et al. (2021) developed a 
calibration equation using a handheld NIR device on 85 pasture samples. They achieved 
moderate predictive precision to estimate the NDF and CP of the grass (R2 = 0.69 and 
0.84, respectively) on the calibration data. Murphy et al. (2022) evaluated fresh forages 
in Ireland where they developed NIRS calibrations of the dry matter (DM) and CP content 
of fresh perennial ryegrass in which they achieved R-squared of 86% and 84%, 
respectively, on held out data. However, the fresh grass samples are all from a single 
variety grown on a research facility and a benchtop spectrometer was used. It has been 
previously reported that handheld NIR instruments are subject to several sources of 
variability that are not associated with benchtop spectrometers (Gorla et al., 2022). More 
recently, Thompson et al. (2022) sampling ryegrass on a commercially run dairy farm 
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evaluated the efficacy of four different handheld NIR devices in comparison with a 
benchtop spectrometer, the industry gold standard to estimate forage nutritive value 
(Thomson et al., 2022). Given that our results had a predictive precision over 75% when 
using the sliding scanning technique, these previous studies indicate that our calibration 
equation compares favorably when estimating grass percentage in grass:alfalfa mixtures. 

To date, comparative analysis of scanning techniques have not appeared in the 
literature and results from this study provide the first insight into this type of assessment. 
Numerous studies over the last decade have been published investigating the use of 
handheld NIR spectrometers in the agricultural industry and methods have included either 
stationary or sliding scanning techniques of forage or vegetable material (Berzaghi et al., 
2021; Borba et al., 2021; Cherney et al., 2021; Digman et al., 2021; Digman et al., 2022; 
Digman & Runge, 2022; Rukundo et al., 2020), but none have directly compared the two 
methods discussed here. One comparative study of scanning concentrated only on the 
amount of time spent scanning and concluded that five seconds was adequate (Gorla et 
al., 2022).  

Practical implications from this research include providing producers and 
nutritionists with tools to accurately record forage stand composition. This serves to 
improve the ability for alfalfa-grass producers to optimize field management and reduce 
variability in dairy rations, resulting in more environmentally and economically sustainable 
farming systems. Previously producers have had to rely on visual inspection to estimate 
forage composition and this research demonstrates the functionality and feasibility of on-
farm hand-held NIRS devices offers the opportunity for real-time evaluation of forage 
composition that are rapid and cost-effective.  

Our study is the first to estimate the percentage of grass in a fresh grass:alfalfa 
mixture using hand-held NIR devices. Compared to similar studies also using handheld 
NIR devices to analyze forages, our sample size was large (n=534) and may have 
contributed to the relatively high correlation between the observed and predicted grass 
percentage using the sliding scanning technique. However, these data also demonstrate 
that technique is rugged over a wide range of samples. Questions remain about whether 
transforming to absorbance may lead to a better calibration equation. In the literature, 
various statistical methods identifying outliers have been employed, and this is worth 
further investigation.  

This research has demonstrated that hand-held NIR technology can assist 
producers to estimate grass percentage in grass:alfalfa forage mixtures.  

References 

Beć, K. B., Grabska, J., & Huck, C. W. (2021). Principles and Applications of Miniaturized 
Near-Infrared (NIR) Spectrometers. Chemistry – A European Journal, 27(5), 1514-
1532. https://doi.org/https://doi.org/10.1002/chem.202002838  

https://doi.org/https:/doi.org/10.1002/chem.202002838


Beć, K. B., Grabska, J., Siesler, H. W., & Huck, C. W. (2020). Handheld near-infrared 
spectrometers: Where are we heading? NIR news, 31(3-4), 28-35. 
https://doi.org/10.1177/0960336020916815  

Berzaghi, P., Cherney, J. H., & Casler, M. D. (2021). Prediction performance of portable 
near infrared reflectance instruments using preprocessed dried, ground forage 
samples. Computers and Electronics in Agriculture, 182, 106013. 
https://doi.org/https://doi.org/10.1016/j.compag.2021.106013  

Borba, K. R., Aykas, D. P., Milani, M. I., Colnago, L. A., Ferreira, M. D., & Rodriguez-
Saona, L. E. (2021). Portable near Infrared Spectroscopy as a Tool for Fresh 
Tomato Quality Control Analysis in the Field. Applied Sciences, 11(7), 3209. 
https://www.mdpi.com/2076-3417/11/7/3209  

Carreira, E., Serrano, J., Shahidian, S., Nogales-Bueno, J., & Rato, A. E. (2021). Real-
Time Quantification of Crude Protein and Neutral Detergent Fibre in Pastures 
under Montado Ecosystem Using the Portable NIR Spectrometer. Applied 
Sciences, 11(22), 10638. https://www.mdpi.com/2076-3417/11/22/10638  

Catunda, K. L., Churchill, A. C., Power, S. A., & Moore, B. D. (2022). Near infrared 
spectroscopy calibration strategies to predict multiple nutritional parameters of 
pasture species from different functional groups. Journal of Near Infrared 
Spectroscopy, 0(0), 09670335221114746. 
https://doi.org/10.1177/09670335221114746  

Cherney, J. H., Digman, M. F., & Cherney, D. J. (2021). Handheld NIRS for forage 
evaluation. Computers and Electronics in Agriculture, 190, 106469. 
https://doi.org/https://doi.org/10.1016/j.compag.2021.106469  

Cherney, J. H., Smith, S. R., Sheaffer, C. C., & Cherney, D. J. R. (2020). Nutritive value 
and yield of reduced-lignin alfalfa cultivars in monoculture and in binary mixtures 
with perennial grass. Agronomy Journal, 112(1), 352-367. 
https://doi.org/https://doi.org/10.1002/agj2.20045  

Digman, M. F., Cherney, J. H., & Cherney, D. J. (2021). Dry Matter Estimation of Standing 
Corn with Near-Infrared Reflectance Spectroscopy. Applied Engineering in 
Agriculture, 37(5), 775-781. https://doi.org/https://doi.org/10.13031/aea.14506  

Digman, M. F., Cherney, J. H., & Cherney, D. J. R. (2022). The Relative Performance of 
a Benchtop Scanning Monochromator and Handheld Fourier Transform Near-
Infrared Reflectance Spectrometer in Predicting Forage Nutritive Value. Sensors, 
22(2), 658. https://www.mdpi.com/1424-8220/22/2/658  

Digman, M. F., & Runge, W. M. (2022). The utility of a near-infrared spectrometer to 
predict the maturity of green peas (Pisum sativum). Computers and Electronics in 
Agriculture, 193, 106643. 
https://doi.org/https://doi.org/10.1016/j.compag.2021.106643  

Evangelista, C., Basiricò, L., & Bernabucci, U. (2021). An Overview on the Use of Near 
Infrared Spectroscopy (NIRS) on Farms for the Management of Dairy Cows. 
Agriculture, 11(4), 296. https://www.mdpi.com/2077-0472/11/4/296  

Giussani, B., Gorla, G., & Riu, J. (2022). Analytical Chemistry Strategies in the Use of 
Miniaturised NIR Instruments: An Overview. Critical Reviews in Analytical 
Chemistry, 1-33. https://doi.org/10.1080/10408347.2022.2047607  

Gorla, G., Taiana, A., Boqué, R., Bani, P., Gachiuta, O., & Giussani, B. (2022). 
Unravelling error sources in miniaturized NIR spectroscopic measurements: The 

https://doi.org/10.1177/0960336020916815
https://doi.org/https:/doi.org/10.1016/j.compag.2021.106013
https://www.mdpi.com/2076-3417/11/7/3209
https://www.mdpi.com/2076-3417/11/22/10638
https://doi.org/10.1177/09670335221114746
https://doi.org/https:/doi.org/10.1016/j.compag.2021.106469
https://doi.org/https:/doi.org/10.1002/agj2.20045
https://doi.org/https:/doi.org/10.13031/aea.14506
https://www.mdpi.com/1424-8220/22/2/658
https://doi.org/https:/doi.org/10.1016/j.compag.2021.106643
https://www.mdpi.com/2077-0472/11/4/296
https://doi.org/10.1080/10408347.2022.2047607


case study of forages. Analytica Chimica Acta, 1211, 339900. 
https://doi.org/https://doi.org/10.1016/j.aca.2022.339900  

Karayilanli, E., Cherney, J. H., Sirois, P., Kubinec, D., & Cherney, D. J. R. (2016). 
Botanical Composition Prediction of Alfalfa–Grass Mixtures using NIRS: 
Developing a Robust Calibration. Crop Science, 56(6), 3361-3366. 
https://doi.org/https://doi.org/10.2135/cropsci2016.04.0232  

Rego, G., Ferrero, F., Valledor, M., Campo, J. C., Forcada, S., Royo, L. J., & Soldado, A. 
(2020). A portable IoT NIR spectroscopic system to analyze the quality of dairy 
farm forage. Computers and Electronics in Agriculture, 175, 105578. 
https://doi.org/10.1016/j.compag.2020.105578  

Rukundo, I. R., Danao, M. C., Mitchell, R. B., Masterson, S. D., Wehling, R. L., & Weller, 
C. L. (2020). Effect of scanning samples through polypropylene film on predicting
nitrogen content of forage using handheld NIR. AIMS Agriculture and Food, 5(4),
835-849. https://doi.org/10.3934/agrfood.2020.4.835

Thomson, A. L., Vassiliadis, S., Copland, A., Stayches, D., Jacobs, J., & Morse-McNabb, 
E. (2022). Comparing how accurately four different proximal spectrometers can
estimate pasture nutritive characteristics: effects of spectral range and data type.
Precision Agriculture. https://doi.org/10.1007/s11119-022-09916-0

This material is based upon work supported by the National Institute of Food and 
Agriculture, U.S. Department of Agriculture, through the Northeast Sustainable 
Agriculture Research and Education program under subaward number [GNE21-272]. 

https://doi.org/https:/doi.org/10.1016/j.aca.2022.339900
https://doi.org/https:/doi.org/10.2135/cropsci2016.04.0232
https://doi.org/10.1016/j.compag.2020.105578
https://doi.org/10.3934/agrfood.2020.4.835
https://doi.org/10.1007/s11119-022-09916-0

	13 Tacoma-Fogal, Rink

