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Abstract

:

Featured Application


The knowledge of pastures’ nutritional value in the Montado ecosystem is critical for farm managers’ decision-making regarding soil fertilization, animal supplementation and grazing management. Laboratory determinations of the parameters related to pastures’ nutritional value (crude protein, fibre and others) are very expensive, destructive and costly, in terms of time and labour. This study shows the potential of a portable near-infrared spectrometer as a fast and non-destructive technique for estimating, in situ, pasture quality parameters.




Abstract


The Montado is a Mediterranean agro–forestry–pastoral ecosystem. Knowledge of pastures’ nutritional value is critical for farm managers’ decision-making. Laboratory determinations are very expensive, destructive and costly, in terms of time and labour. The objective of this experimental work was to calibrate and validate a portable near-infrared spectrometer (micro-NIR) to predict the nutritive value (neutral detergent fibre, NDF and crude protein, CP) of pastures in the peak of spring 2021. Thus, a total of 87 pasture samples were collected at eight experimental fields located in the Alentejo, Southern region of Portugal. The results show good correlations between in-situ micro-NIR measurements and pasture NDF reference values (R2 of 0.73 and 0.69 for calibration and validation models, respectively), and a moderate correlation between micro-NIR measurements and pasture CP reference values (R2 of 0.51 and 0.36 for calibration and validation models, respectively). These results show the potential of this tool for the quick evaluation of pasture quality and constitute a starting point for future work, which should include the monitoring of temporal variability (throughout the entire vegetative cycle of the pasture) and spatial (with geo-referenced information) diversity of pastures characteristic of the Montado ecosystem in the Mediterranean region.
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1. Introduction


Montado is a multifunctional agro–forestry–pastoral ecosystem [1] of “High Natural Value” [2], where agricultural, forestry and animal production come together [3]. It usually occupies soils with structural and fertility limitations: shallow, stony, acidic, nutrient-poor, with micronutrient imbalances (namely the magnesium/manganese ratio) [3] and degraded due to erosion and loss of nutrients [4]. Montado is a highly complex system, and this complexity results from the interaction between climate, relief and the various elements that make up this ecosystem: soil, pasture, trees and animals [3,5]. This ecosystem is located in a geographical region called Alentejo, in Southern Portugal, which is affected by the Mediterranean climate. This climate is characterized by hot, dry summers and mild winters, with large rainfall irregularities [6] great seasonality and variability [5]. This variability in rainfall in each year and between years, means that pasture production (quantity and quality) is also irregular. According to Miao et al. [7] the inter-annual variability of precipitation may explain the differences in the quantity and quality of pasture, with biomass production and its nutritional value increasing with the annual increase in precipitation. On the other hand, the fertility of the soils, the diversity in the floristic composition, the trees and grazing animals, also contribute to great variability in productivity and quality of the pasture [8]. In this sense, also, Biewer et al. [9] report that the nutritional value of pasture can be very variable within the same field, during the growing period, due to nutritional deficiencies, frost, and drought or grazing.



Knowledge of the nutritional value of pasture and its availability over time can lead to improvements in production systems and grazing management of ruminants [9,10,11]. According to Serrano et al. [12] grazing management decisions are made as a function of pasture quality and availability. Therefore, monitoring pasture quality leads to increased farm efficiency [13]. Real-time information about the nutritional value of the pasture will allow the farmer to make more informed decisions regarding animal supplementation [11]. The survey of the spatial and temporal variability of biomass, based on the cutting and collection of pasture samples, is a destructive, time-consuming, expensive [13,14], and labour-demanding method, impracticable from a practical perspective [15], which has led to a growing interest in expeditious methods [16]. The time required to sample processing [11] and to obtain the results of the determinations of the nutritional value of the pasture [10], carried out in the laboratory, is also another indirect cost, often preventing the use of these determinations by the farmer for decision-making [12,13,17]. Indirect pasture sampling methods minimize the physical removal of vegetation and were mainly developed with the aim of obtaining rapid methods that can be used over large areas [18]. In this sense, new non-destructive technologies are increasingly used, in order to better understand the variability of production in large areas and implement new production strategies [19]. Recent developments in the technological field, in terms of electronic sensors, are already an effective response today, allowing fast, reliable and large-scale measurements [20]. As an alternative to traditional methods, a method emerged that uses near-infrared (NIR) equipment, which through reflected infrared radiation estimate the chemical constituents of pastures [10].



NIR spectroscopy (NIRS) is based on the absorptions of C–H, N–H, O–H, C–N and C–C groups present in organic constituents [13], as well as S–H groups [21]. This technique measures the spectrum of infrared energy reflected from a sample illuminated by white light [11]. NIR radiation has an amplitude from about 780 to 2500 nm in the electromagnetic spectrum [17,21,22,23]. According to Murphy et al. [24] this radiation amplitude varies between 700 and 2500 nm. Givens and Deaville [25] refer that this spectral region varies between 730 and 2500 nm. NIR measurements can occur by transmittance, reflectance or transflection; transmittance allows information to be obtained from the entire volume of the sample that is traversed by light, while reflectance only allows information to be obtained from the surface of the sample [17]. With NIRS it is possible to determine the chemical composition of animal feed quickly, non-destructively [10,17], with less sample pre-processing and with high precision [14,25]. According to these authors, this technique contrasts with traditional chemical analyses, as it does not require reagents and does not produce residues. In addition, this method allows for faster and cheaper determinations [10,26,27,28]. Alomar et al. [29] report that NIRS has been widely used because it is a fast, reliable and capable method of evaluating the quality of pastures. The technique is rapid, non-destructive [21,25,26,30,31], precise, and cost-effective, compared with other laboratory techniques [32]. However, for it to be used in different conditions and different pastures, it requires calibration, using reference data [10]. The variability associated with natural pastures compromises the use of NIRS somewhat, since calibration and validation are more challenging when environmental variation is high [33]. On the other hand, Danieli et al. [27] report that this technique allows a reliable evaluation of pasture quality, especially in terms of CP (crude protein) and NDF (neutral detergent fibre). The use of near-infrared spectroscopy (NIRS) for green pasture analysis has been available for several years in many European laboratories, which determine the components of animal feed [12]. However, the use of this laboratory equipment requires the cutting of pasture samples, which, as already mentioned, is a costly method in terms of time, money and labour, as well as being inaccurate, as it is not possible to sample the entire field. According to Serrano et al. [12] it also requires pre-processing the sample to be homogeneous, before performing the spectroscopic analysis. This pre-processing involves the dehydration of pasture samples and their grinding. When the pre-processing of the samples is not carried out, the precision decreases, due to the heterogeneity of the samples, especially with regard to the size of the particles [33]. The use of the NIRS technique for the evaluation of fresh samples has several obstacles, including irregular particle size and sample heterogeneity [34]. With the advancement of technology, smaller and lighter equipment emerged, which gave rise to portable equipment [17]. These sensors have several advantages over laboratory models, especially in terms of size, weight and manufacturing process, as well as less initial investment [35]. According to Lanza et al. [23], in recent times, more attention has been paid to portable NIR than to laboratory models, due to reduced weight and ease of use, allowing direct, non-destructive and in-situ sample measurement. Portable sensors have the advantage that the sensor itself is taken to samples and not the other way around, which allows for a win-time in the process of obtaining results and reducing costs and labour in collection, transport, processing and laboratory analysis [31]. Pullanagari et al. [28] refer that real-time analysis with the micro NIR overcomes the spatial and temporal variability of the pasture. According to Alomar et al. [29], in samples with large amounts of water, strong absorption signals are generated, which overlap and darken other spectral characteristics, which can lead to non-linear responses, which has led to this technique being used mainly with dry samples. Also, according to Kademi et al. [36], spectra are often disturbed by different interferences in the signal acquisition, which is a practical problem of this technique. Another problem associated with these portable sensors is their narrow wave-length range [35]. According to Bell et al. [11] the main advantage of portable NIRS is that it allows a more frequent analysis of the pasture, reducing the time interval between sequential nutritive value readings, thus contributing to more timely decision making. Parrini et al. [33] report that in field pasture analysis allows a reduction in costs and time, compared to laboratory analyses. Portable NIRS makes it possible to analyse and provide the farmer with real-time data relating to pasture and soil nutrients in a soil–pasture–animal system [11].



The aim of this study was to calibrate and validate the use of a portable near-infrared spectrometer to predict pasture quality (crude protein and neutral detergent fibre) in the Montado ecosystem during spring peak.




2. Materials and Methods


2.1. Study Area


This work was carried out between 30 March and 13 April 2021, at six farms located in the Alentejo region of Portugal. Figure 1 shows the geographical location of these farms, “Grous” (Gro) and “Azinhal” (AZI) farms are located in the district of Beja (Lower Alentejo region); “Padres” (PAD), “Murteiras” (MUR) and “Mitra” (MIT) farms are located in the district of Évora (Central Alentejo region); and “Tapada dos Números” (TAP) farm is located in the district de Portalegre (Upper Alentejo region). Dryland pastures under scattered Holm oak and Cork oak are grazing by sheep or cows in continuous or rotational systems. The characteristics of each farm were described by [37,38].




2.2. Samples Mensurements and Colletion


For this study, 87 pasture samples were used, each consisting of a composite of three random locations, for each monitored and georeferenced sampling point. At each of these locations, measurements were taken with an infrared spectrometer, then the pasture was cut (Figure 2) and placed in a plastic bag, properly identified with the sample code. At each location, a metal quadrat with 0.1 m2 of area was placed to define the area for the above-mentioned procedures. Note that on the Mitra farm, there were three different plots (Mitra A, Mitra B and Mitra C).



Reference Chemical Processing


The samples were then transported to the Animal Nutrition and Metabolism Laboratory—MED Mediterranean Institute for Agriculture, Environment and Development, weighed on arrival and their fresh weight recorded. Later, they were placed in an oven at 65 °C, for 72 h, to be dehydrated, having been weighed at the end and their dry weight recorded. Drying temperatures between 65 °C and 70 °C are acceptable for the dehydration of pasture samples [34]. With fresh weight and dry weight, the pasture dry matter (DM, in kg·ha−1) and pasture moisture content (PMC, in % of DM) were calculated. According to Alomar et al. [34] the dehydration of pasture samples is carried out with the main objective of preserving the pasture that cannot be immediately analysed in the laboratory, in addition to facilitating grinding, reducing water variations between samples and homogenizing each sample, and thus reducing sampling errors. Next, the dehydrated samples were ground in a Perten instrument mill equipped with a 1-mm sieve, for subsequent determination of reference values of CP and NDF, expressed in percentage on a dry weight basis, using conventional wet chemistry methods according to the Association of Official Analytical Chemists [39]: (i) the nitrogen content was determined according to the Kjeldhal method, i.e., a colorimetric determination on an automatic analyser (Bran + Luebbe) with a conversion factor for CP of 6.25 (method no. G-188-97 Rev 2, Bran + Luebbe, Analyzer Division, Norderstedt, Germany); (ii) NDF content was determined according to the Goering and Van Soest method (1970) in a Fiberted digester (Foss Tecator AB, Hoganas, Sweden).





2.3. Sprectra Collection


Spectra were obtained in situ with a Micro-NIR OnSiteW (VIAVI, Santa Rosa, CA, USA), a portable device which collects diffuse reflectance spectra in the spectral range between 950–1650 nm, with a spectral resolution of 6.2 nm and equipped with an InGas photodiode array detector, equipped with a sapphire window of 18 mm with an aluminium enclosure for use in the field. Spectra were collected with 10 ms as the integration time and 100 as the scan count. Prior to spectra acquisition and to verify the spectrometer performance, a series of tests were undertaken. A white reference was built using Spectralon to register the total reflectance value and a dark reference (total absorbance) was recorded leaving the tungsten lamps on, with the empty support, also known as dark current scan.



From each area of 0.1 m2 five spectra were collected. Using the instrument software (MicroNIRTM Pro software, Version 3.1), the mean spectrum was calculated and exported as Log (1/R). During the development of the CP and NDF models, the important spectral regions were selected according to the weighted regression coefficients plot and the spectral range was limited to these wavelengths.




2.4. Statistical Analysis


To evaluate the accuracy of the models we preformed a multivariate data analysis using the Unscrambler software (version 10.4, CAMO, ASA, Oslo, Norway), and, for the descriptive analysis, the means and standard deviations (SD) of CP and NDF reference values were calculated.



A PLSR algorithm was used to obtain the calibration model to predict pasture CP and NDF. PLSR is a calibration technique widely used in studies involving absorbance, as it avoids the problem of very high intercorrelation between different absorbance bands [40]. The entire spectra were used, ranging from 1093 nm to 1670 nm. First derivative and SNV pre-processing transformations were used prior to calibration modelling but they did not improve the model performance in comparison to raw spectra. So, the raw spectra data was used to build the calibration models. For the model development, an internal calibration (cross-validation) was preformed using Kernel algorithm with 20 segments. Outliers were excluded by PLSR. Warning limits were predefined for the detection of potential outliers. The criteria used to detect outliers was based on the F-Residuals and Hotelling’s T2 statistics, calculated with an error of 0.05 and with 95% of confidence, respectively. Model performance was evaluated through coefficient of determination (R2), the root–mean–square error (RMSE), residual predictive deviation (RPD) and average difference between predicted and actual values (Bias). The R2 is an excellent indicator of robustness and model accuracy [37]. Although R2 is often the main statistical indicator used to assess the accuracy of the calibration model, according to Davies and Fearn [41] it is not the best indicator for this purpose, as it depends on the range. The RPD value is directly related to the quality of the calibration model, and the higher its value, the better the model [42]. This index corresponds to the ratio between the standard deviation (SD) of the reference values of laboratory determinations and the RMSE [28,37]. Finally, the bias indicator is related to the difference between the calibration and validation predicted and measured values [28,31]. The smaller the bias, the more accurate the model.



The RMSE (Equation (1)), as the designation indicates, is an error, which should have its absolute value as low as possible. The RPD (Equation (2)) is an index of model quality, which should be as high as possible.


  R M S E =      ∑  i = 1  n    (   E i  −  M i   )  2   n     



(1)






  R P D =   S D   R M S E    



(2)




where n is the number of observations, Ei are the estimated values and Mi are the observed values.



The software for multivariate data analysis was “UnscramblerX” (version 10.5.1), with a confidence level of 95% (p < 0.05).





3. Results


3.1. Meteorological Conditions


Figure 3 illustrates the thermopluviometric graph for the districts of Beja, Évora and Portalegre. The total precipitation (b) in this cycle of pasture production (July 2020 to June 2021) was 500 mm for the district of Beja, 628 mm for the district of Évora and 840 mm for the district of Portalegre. Just based on this climatic data, the climatic variability between districts where the farms of this study are located, is already evident. The differences in the amount of total rainfall were 128 mm, between Beja and Évora, and 240 mm, between Évora and Portalegre, which influences pasture production and quality. The average temperature (a) between July 2020 and June 2021 was 17.2 °C for the district of Beja, 16.9 °C for the district of Évora and 16.4 °C for Portalegre. These data also show that average temperature during the vegetative cycle of the pasture is higher at the farms located further south. As can be seen in Figure 3a,b, the distribution of both precipitation and temperature are irregular throughout the year: some months show large amounts of precipitation and others only residual values. The spring of 2021 was particularly dry, which may have influenced pasture quality and production. In March 2021 the precipitation values were 24.4 mm, 19.6 mm and 14.3 mm for the districts of Beja, Évora and Portalegre, respectively, and in April they were 40.6 mm, 64.2 mm and 92.5 mm for Beja, Évora and Portalegre, respectively. However, we should note the high values of precipitation in February, when temperatures are already beginning to increase.



The Alentejo region, where the study fields are located, is affected by the Mediterranean climate, with characteristic hot and dry summers and mild and humid winters, although there is a very pronounced irregularity of precipitation. Peak production and pasture quality occurs in spring, when the soil moisture content (SMC) is above 10% [8] and temperatures rise, but not excessively. In the Alentejo region, in dryland pastures, as temperatures increase throughout the spring and, consequently, the available SMC decreases, the pasture begins to dry out and its nutritional value gradually decreases. Therefore, this study took place only in late March and early April, as the pasture was at its peak production.




3.2. Evaluation of CP and NDF Reference Data


Table 1 shows the dates of micro NIR sensor measurements and pasture sample collection, number of samples, the mean and SD of pasture quality parameters (NDF and CP, in % of dry matter, DM). Mean reference value of NDF was 45.7% (range between 33.0 and 58.6%), which indicates the great variability between fields in the Mediterranean region, although all the pasture fields are in the phase of peak production (between the end of March and beginning of April). In regards to CP, the mean was 12.9% DM (range between 8.2% and 20.9% DM), which clearly highlights the great spatial variability of the pasture quality in the Montado ecosystem.




3.3. Evaluation of Near-Infrared Spetroscopy (NIRS) Data


Table 2 shows the statistical indicators for the various calibration and validation models used. Four regression models were developed: raw spectra, SNV, 1st derivative and SNV + 1st derivative. After observing the statistical indicators, it was decided to choose the raw spectra for presenting the best indicators: NDF (R2 of 0.73; RMSE of 3.302 for calibration model and R2 of 0.69; RMSE of 3.628; Bias of 0.056 and RPD of 1.75 for internal validation model) and CP parameters (R2 of 0.51; RMSE of 2.073 for calibration model and R2 of 0.36; RMSE of 2.368; Bias of 0 and RPD of 1.26 for internal validation model).



Figure 4 represents an example of pasture spectra measured directly with the micro-NIR sensor. These spectra are the starting point for the prediction of pasture NDF and CP content. As can be seen in Figure 4, the wavelength varies between 1093 nm and 1657 nm.



Figure 5 shows the reference and predicted values of NDF (a) and CP (b) resulting from the calibration and validation models. The calibration and validation points for the NDF are relatively close to each other, which means that the models can be considered good (R2 of 0.71 for calibration and 0.69 for validation). As for the CP, the calibration and validation points do not fit so well, which is a reflection of the R2 values of the calibration and validation models (0.51 and 0.36, respectively).





4. Discussion


4.1. Variability of Crude Protein and Fibre (NDF) Reference Data


In this study CP and NDF variability fit within the ranges of variation of these parameters published in other works. This variability is a function of the diversity of plant species that constitute pastures in the Mediterranean region and the different growth rates, which in turn are dependent on temperature and precipitation in each field, as well as on the spatial variability of soil fertility [12]. Also, Pullanagari et al. [28] state that pasture spatial and temporal diversity is related to the diversity of species, the interactions with grazing animals, natural environmental conditions and management production systems. Serrano et al. [37], carried out a study throughout the pasture vegetative cycle (autumn, winter and spring) and obtained CP values between 10.4% and 24.3% and NDF between 29.4% and 60.2%. Safari et al. [43], in permanent pastures in Germany, obtained CP values between 5% and 22.6%, from May to October. Similar values (CP between 6.1% and 25.6%) were obtained by Pullanagari et al. [44] in a study carried out during the vegetative cycle in mixed pastures. Also, Lobos et al. [45] in a study carried out on permanent pastures with heterogeneous floristic composition in Chile, obtained CP values between 17.8% and 29.0% and NDF values between 37.9% and 50.3%. This variability, which in this study is magnified by the inclusion of samples from various experimental fields, with different climatic, soil and management conditions, is important and necessary to validate and increase the robustness of calibration models [24]. Also, Parrini et al. [33] state that sample variability is essential, both to develop NIRS calibration models and to assess their applicability in future predictions of the nutritive value of a pasture. In this sense, Bell et al. [11] report that there is considerable spatial and temporal variation in pasture production and quality, which is still not well understood, especially in terms of nutrient concentration of different types of pasture.




4.2. NIRS Models Accuracy: Calibration and Validation


The most accurate models are those that have a high R2 and RPD, a low RMSE and Bias [12,28,37,46]. The coefficients of determination obtained in this study can be considered good for NDF (0.73 for the calibration model and 0.69 for the validation model, with RPD of 1.75) and moderate for CP (0.51 for calibration and 0.36 for internal validation, with RPD of 1.26). The values obtained from RPD are considered low [47]; however, these are expected and acceptable in experimental work involving field measurements [9]. In this discussion we have focused our attention particularly on the coefficient of determination (R2).



The NIRS technique can be used in two ways: (i) with laboratory bench NIR equipment (LBNE); (ii) in field with portable spectrometer (micro-NIR). The first requires pasture sample pre-preparation (consisting of dehydration followed by crushing and grinding, or at least crushing/homogenization), the second is non-invasive, carried out in the field without any disturbance to the pasture.



There are many works published with results of the use of LBNE to estimate the quality of plant material, whether pasture or other plant types. For example, Fontaneli et al. [10] in a study to calibrate and validate a LBNE to estimate the quality of grasses with pre-processing samples, obtained R2 values of 0.97–0.98 for both calibration and validation models of CP and NDF. Also, Swart et al. [14], in a study in which they intended to calibrate a LBNE to predict the chemical composition of feed for ostrich, found very high calibration correlations with pre-processing samples (R2 = 0.96 and 0.94, respectively for CP and NDF). In relation to biodiverse pastures, the study of Serrano et al. [37] showed significant correlation between calibration models obtained with LBNE and reference methods for quantifying pasture quality parameters, with greater accuracy from dry and pre-processing samples (R2 = 0.936 for CP and R2 = 0.914 for NDF) than fresh samples (without sample pre-preparation; R2 = 0.702 for CP and R2 = 0.720 for NDF). Also, with LBNE, Parrini et al. [33] obtained very strong correlations in analysis of green pasture (fresh samples) for both, CP and NDF (R2 values of 0.96 and 0.84, respectively). Lobos et al. [45], in a study carried out in heterogeneous pastures in Chile, used a LBNE to predict various parameters of the fresh pasture, including CP (R2 = 0.84) and NDF (R2 = 0.78).



With regard to the use of portable spectrometers (micro NIR), no published works were found referencing pastures in the Montado ecosystem, which makes it difficult to compare the results obtained in this study. However, there are works with other plants, such as in durum wheat grain CP content (R2 of 0.98 to calibration and validation with samples previously homogenized; [31]). In field measurements in pastures, without pre-processing, accuracy is normally low. For example, to estimate pasture CP, Mendarte et al. [48] obtained calibration R2 of 0.63, while Safari et al. [43] obtained R2 values of 0.58 and 0.56, for calibration and for cross validation, respectively. The best results were published by Pullanagari et al. [28], twho estimated various parameters of pasture quality in New Zealand, including CP (R2 of 0.82 and 0.78 for calibration and validation models, respectively), and NDF (R2 of 0.77 and 0.75 for calibration and validation models, respectively).



One factor that can help explain these values obtained with the micro-NIR spectrometer is that the readings can be influenced by the water that exists on the surface of the pasture/soil [29]. NIR is more accurate with pre-dried samples than with fresh samples [27]. The obscuration effect, caused by the moisture’s absorption of NIR light, is a factor that negatively influences the quality of the calibration and validation models with samples not previously dehydrated [24,49]. According to Corson et al. [26] the peak absorbance for water occurs at 1450 nm, precisely where the micro-NIR used in this study shows a high peak (Figure 4). As the measurements took place directly in the pasture and, at the peak of its productivity, it is possible that the water present on the plants influenced this absorbance peak in this spectral region.



Another aspect that may be relevant is related to the spectral range of the micro-NIR sensor, further developed in the below section.




4.3. NIRS Models Accuracy: Spectral Range


Biodiverse pastures usually present a greater spectral range due to variations in the species of plants that make up the pasture and the soil background [28]. Lignin, protein, starch, cellulose and hemicellulose, pasture constituents, have fundamental molecular bonds between O–H and C–H. Absorptions above 1960 nm are responsible for the molecular bonds O–H, N–H, O=H and O–H, C–H, C–H and O–H [50], which are precisely the main bonds of pasture quality parameters [28]. Pullanagari et al. [28] consider that bands of visible region (500 to 750 nm) are those where the highest correlations with CP and NDF occur. Similarly, Biewer et al. [9] report that in the spectral region between 620 and 1000 nm, CP can be predicted with good results. Also, Safari et al. [43] report that visible region (below 700 nm) represents the bands that correlate best with pasture CP. Furthermore, Pullanagari et al. [28] also refer to the correspondence of near-infrared (800 to 1000 nm) and infrared (1900 to 2400 nm) spectral regions with pasture quality parameters. Pullanagari et al. [44] report that the sensitive spectral bands for CP are located between 505 nm and 1000 nm, and between 2013 nm and 2420 nm, with absorption peaks at 1500 nm and 1935 nm. Corson et al. [26] and Givens & Deaville [25] also highlight the importance of 2100 to 220 nm bands for estimating pasture CP. These data can help to explain the low R2 values for CP obtained in this study, since the spectral range of useful micro = NIR is restricted to wavelengths between 1093 nm and 1670 nm.



Despite this limitation in the range of portable spectrometer, Malegori et al. [51] concluded that this equipment is sufficiently robust for directly application in the field. In this study the good correlations obtained for NDF (R2 of 0.73 and 0.69 for calibration and validation, respectively) open up good perspectives for practical application, given the importance of fibre in animal feed, particularly for ruminants. These better results obtained with fibre, relative to CP, may be due to the fact that the most important spectral region for the prediction of NDF varies between the 1370 nm and 1418 nm [37] spectral bands provided by the micro-NIR. Also, according to Corson et al. [26] and Givens and Deaville [25] the spectral regions between 1650–1670 nm and 2260–2280 nm are correlated with C–H molecular bonds for lignin and cellulose, which may help to explain the better correlations with NDF in this study, since lignin and cellulose are two of the main constituents of this parameter. The micro NIR sensor used in this study covers the first of these wavelengths’ ranges.




4.4. Perspectives for NIRS Approach


Actually, the use of proximal sensors is already a reality and should increase, with the reduction of sensor costs and complexity [52]. Due to the low cost, speed and reliability attributed to the NIR technique to estimate the quality of pastures, it is predictable that its adoption in the future will be great, providing more timely information to assist the farmers in their decision making [11,28]. The adoption of NIR technologies to estimate the quality parameters of pastures, especially using portable sensors, will help to improve the management of pastures and their nutrients, reducing production costs and losses [11]. It is expected that this adoption will mainly involve the use of a portable spectrometer, since it implies less processing time, less labour and real-time results. For the use of these technologies by farmers to be a reality, it is necessary to carry out research in the context of a real farm, in order to identify the advantages and barriers to adoption by agricultural managers [52]. As was the case in the Pullanagari et al. [28] study, the present study also focused on the evaluation of a micro-NIR sensor—a sensor never before used in pastures in the Montado ecosystem—in the prediction of CP and NDF in real farms. Yet, as already mentioned in the materials and methods section, this study was limited to the peak of production and pasture quality under Mediterranean conditions, thus, there is one measurement and harvest date for each plot. The internal calibration and validation models of the current study may not be as robust as desirable, due, as mentioned by Cecchini et al. [31], to the fact that the dataset is not particularly large. Therefore, we suggest that a similar study be carried out, under the same conditions, with a larger number of samples and throughout the entire production cycle of the pasture in Mediterranean region (autumn, winter and spring).





5. Conclusions


Dryland pastures productivity and quality is influenced by the interaction between the amount and the distribution of precipitation and the air temperature, which, in the Mediterranean climate, vary greatly throughout the year and from year to year. For agricultural managers to be able to make decisions about grazing management, animal supplementation, application of fertilizers, etc., it is essential to know a pasture’s nutritional value. Visual assessments, based on management field experience and not having the real values of pasture quality parameters (such as CP and NDF), can hinder the manager’s decision-making. The CP and NDF laboratory determinations require the cutting, transporting and pre-processing of pasture samples, with a considerable delay to obtain the results, in addition to the many human and monetary resources needed for this work. Therefore, the calibration and validation of new technologies to predict parameters of pastures’ nutritive values in real-time is fundamental and of great importance. The results of this study show the potential of micro-NIR to predict pasture fibre content (NDF) in the Montado ecosystem (internal validation model with R2, RMSE, RPD and Bias of 0.69, 3.628, 1.753 and 0.56, respectively). For pasture protein content (CP), micro-NIR showed less precision (internal validation model with R2, RMSE and RPD of 0.36, 2.368 and 1.26, respectively), which points to the need to extend this study to a larger pasture sample, one more representative of the temporal and spatial variability of pastures characteristic of the Montado ecosystem in the Mediterranean region. Micro-NIR appears to be a promising tool, since it is light, small and easily transportable, giving values in real-time, thus contributing to a more informed decision-making by the agricultural manager.
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Figure 1. Map of Portugal with the location of each farm. 
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Figure 2. Portable near-infrared (NIR) sensor measurement (a) and pasture sample cut (b). 






Figure 2. Portable near-infrared (NIR) sensor measurement (a) and pasture sample cut (b).



[image: Applsci 11 10638 g002]







[image: Applsci 11 10638 g003 550] 





Figure 3. Thermopluviometric graphic for the districts of Beja, Évora and Portalegre between July 2020 and June 2021 (source: Portuguese Institute of Sea and Atmosphere). (a) Monthly mean temperatures (b) monthly rainfall. 
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Figure 4. Example of pasture spectra measured with the micro-NIR sensor to predict pasture neutral detergent fibre (NDF) and crude protein (CP). 
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Figure 5. Plot of the calibration and internal validation phases between reference and predict values of fibre (NDF, a) and crude protein (CP, b). 
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Table 1. Date collection, field code, mean, standard deviation (SD) and range of the pasture NDF and CP reference values.
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Date

	
Field Code

	
N

	
FDN %

	
CP %




	

	

	

	
Mean ± SD

	
Range

	
Mean ± SD

	
Range






	
30/03/2021

	
Mitra A

	
12

	
40.7 ± 2.0

	
38.8–45.5

	
16.9 ± 2.6

	
14.2–20.9




	
30/03/2021

	
Mitra B

	
12

	
41.0 ± 2.7

	
37.6–46.8

	
11.6 ± 1.6

	
11.0–15.1




	
01/04/2021

	
Mitra C

	
24

	
43.2 ± 4.8

	
33.0–51.5

	
11.9 ± 2.1

	
8.2–17.2




	
08/04/2021

	
Azinhal

	
8

	
56.5 ± 1.4

	
53.7–57.1

	
8.5 ± 0.3

	
8.2–8.9




	
08/04/2021

	
Grous

	
8

	
46.8 ± 2.9

	
42.4–49.8

	
11.4 ± 0.8

	
10.6–12.9




	
09/04/2021

	
Murteiras

	
8

	
49.4 ± 2.7

	
46.4–54.5

	
13.3 ± 1.6

	
10.4–15.0




	
09/04/2021

	
Padres

	
8

	
52.8 ± 2.9

	
46.9–54.5

	
13.7 ± 1.2

	
12.4–14.9




	
13/04/2021

	
Tapada dos Números

	
8

	
56.9 ± 2.0

	
52.7–58.6

	
12.1 ± 2.2

	
11.2–16.3








NDF—neutral detergent fibre; CP—crude protein; N—number of samples.
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Table 2. Statistical indicators of the internal calibration and validation models for the NDF and the CP through the use of the micro NIR sensor in the pasture and partial least squares regression (PLSR).
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Pre_Processing

	
Calibration Model

	
Internal Validation Model




	
NDF

	
LV

	
R2

	
RMSE

	
LV

	
R2

	
RMSE

	
Bias

	
RPD






	
raw spectra

	
5

	
0.730

	
3.302

	
5

	
0.690

	
3.628

	
0.056

	
1.75




	
SNV

	
5

	
0.639

	
3.996

	
5

	
0.473

	
4.962

	
−0.279

	
1.35




	
1st derivative

	
5

	
0.745

	
3.142

	
5

	
0.649

	
3.834

	
−0.024

	
1.64




	
SNV + 1st derivative

	
6

	
0.693

	
3.371

	
6

	
0.496

	
4.26

	
0.098

	
1.44




	
CP

	

	

	

	

	

	

	

	




	
raw spectra

	
5

	
0.510

	
2.073

	
5

	
0.360

	
2.368

	
0.000

	
1.26




	
SNV

	
4

	
0.405

	
2.450

	
4

	
0.299

	
2.690

	
0.008

	
1.36




	
1st derivative

	
3

	
0.309

	
2.378

	
3

	
0.200

	
2.584

	
0.001

	
1.36




	
SNV + 1st derivative

	
2

	
0.325

	
2.506

	
2

	
0.263

	
2.722

	
0.079

	
1.13








LV—latent variables; R2—coefficient of determination; RMSE—root–mean–square error; Bias—average difference between predicted and actual values; RPD—residual predictive deviation.
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