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ABSTRACT 

Range cattle grazing in semi-arid regions are commonly limited by lack of 

nutrients from low-quality forage. Due to this, ranchers are faced with the challenge of 

monitoring diet quality in order to address nutrient limitations. Near infrared 

spectroscopy (NIRS) of fecal samples is a method used to determine diet quality values 

like crude protein (CP) and digestible organic matter (DOM) in grazing animals.  When 

combined with a nutritional balance analyzer such as the NUTBAL system, fecal NIRS 

can be used to monitor diet quality and project animal performance. Our research aimed 

to test the ability of NUTBAL to project animal performance as represented by body 

condition score (BCS) in cattle (n=82 Animal Units) grazing on the Santa Rita 

Experimental Range (SRER) in southern Arizona. Previous work conducted on other 

Arizona rangelands led to the hypothesis that fecal NIRS coupled with NUTBAL can be 

used to monitor diet quality and project BCS in a southern Arizona commercial grazing 

operation. Data collection occurred between June 2016 and June 2017. Standing biomass 

and botanical composition were measured before each grazing period, and relative 

utilization was measured following each grazing period. During the midpoint of grazing 

in each pasture, 30 body condition scores and a fecal composite of 15 samples were 

collected. Fecal derived diet quality varied between a maximum of 10.75% CP and 

61.25% DOM in early August 2016, to a minimum value of 4.00 % CP and 58.40 % 

DOM in March 2017. This study confirmed the ability of fecal NIRS paired with 

NUTBAL to project future BCS within 0.5 a score point more than 80% of the time in 

cattle grazing on the SRER. With this information, cattle managers in southern Arizona 

can better address animal performance needs and nutrient deficiencies. 
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INTRODUCTION 

Supplying proper nutrients to cattle in commercial range livestock operations is a 

challenging task. The most costly input in a cow-calf operation is providing adequate 

nutrients to the herd (Miller et al. 2001). Additionally, during stressful environmental 

conditions like hot and dry summers, cattle face a loss in forage quality, further 

complicating nutrient supply (Brosh et al. 2006). A common attempt to mitigate this 

problem and reduce costs is through nutritional monitoring paired with adaptive 

management so any supplementation will be as efficient as possible. With free-grazing 

cattle, profitability requires adequate stocking rates and timely supplementation during 

periods when the nutritional value of forage is low (Landau et al. 2016). Cattle 

performance is largely determined by the most limiting nutrient, illustrating the 

importance of measuring and monitoring the nutritive quality of forage consumed 

(Coleman 2010). 

Quantifying nutritional values of diets selected by range cattle can be problematic 

(Stuth et al. 2003). However, values to determine herbivore diet quality can be measured 

in several ways including stomach content analysis, mimicking diets by clipping biomass, 

estimating utilization, esophageal fistulation, and near infrared spectroscopy (NIRS) 

derived fecal indices (Decruyenaere et al. 2009; McInnis et al. 1983). Of the methods 

available to managers, NIRS is the most practical on a commercial scale. Fecal NIRS can 

help cattle owners monitor nutritional status and future performance without the need to 

move or handle cattle (Coates 2000).  

When fecal NIRS analysis results are incorporated in the NUTBAL (Nutritional 

Balance Analyzer) software, a broad-based decision support system for range animal 
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nutrition is created (Stuth et al. 1997). Body condition scores (BCS) observed over time, 

can be used to calibrate nutrition models, estimate forage quality, and determine any 

nutritional deficiencies (Lyons 2010). It has been shown in a central Arizona 

environment, that when fecal NIRS is coupled with a nutrition analyzer software such as 

NUTBAL, future BCS can be projected (Tolleson & Schafer, 2014). However, this 

system has not been previously studied in southern Arizona desert grasslands. The 

purpose of this thesis is to test such a model with data collected from a commercial cow-

calf herd grazing on the Santa Rita Experimental Range (SRER) from June 2016 to June 

2017.  

Objectives of the current study were: 1) Monitor diet quality of cattle grazing on 

the SRER using fecal NIRS and vegetation characteristics, and 2) Determine the ability 

of fecal NIRS and NUTBAL to project BCS of cattle on the SRER. Three forms of data 

were collected during this project to test the ability of NUTBAL to project future BCS in 

cattle using fecal NIRS. These were: (1) estimating vegetation attributes including 

standing biomass, botanical composition, and observed relative utilization, (2) collection 

of fecal samples and observed BCS, and (3) calculate NUTBAL projected BCS using 

fecal NIRS results. The first chapter addresses objective 1 and the associated results. The 

second objective is reported in Chapter 2.  

Previous validation of this technique in central Arizona (Tolleson and Schafer 

2010) leads to the hypothesis that fecal NIRS paired with NUTBAL is a valid tool for 

cattle managers in southern Arizona to monitor herd diet quality and predict future BCS 

based on current forage and environmental conditions. Fecal samples collected on the 

SRER, reported in Chapter 1, reflect similar diet quality results as historical fecal NIRS 
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values collected in southeast Arizona from 1996 – 2004 (Stuth Unpublished Data). While 

results presented in Chapter 2 show potential success of fecal NIRS/NUTBAL to project 

animal performance in this environment, this research shows that user knowledge and 

correct application of the software is necessary for results to be applied to management 

decisions. Research conducted was determined to be exempt from the University of 

Arizona’s Institutional Animal Care and Use Committee as animals are privately owned, 

and only non-invasive observational data was collected.  

Background on Fecal NIRS  

NIRS to quantify values in agriculture products was first used by Norris and his 

colleagues in the 1950s and 1960s (Norris and Hart 1966). Norris continued his work 

studying the use of NIRS in agriculture and in 1976 concluded it had the potential for 

quick estimation of forage quality (Norris et al. 1976). Following the Norris et al. (1976) 

paper, researchers studying forage quality became interested in the use of NIRS to 

determine the components of forage samples (Coleman 2010). NIRS as a technique to 

estimate nutrient compositions of forage (e.g., energy, crude protein (CP)). Estimation of 

digestible organic matter (DOM), as well as fiber and fat via NIRS, were quickly adopted 

over the alternative ‘wet’ laboratory analysis due to its efficiency.  

In comparison to conventional laboratory methods, using NIRS to determine 

forage quality is rapid, allows for large-scale sampling, requires less laborious sampling, 

is nondestructive, does not require reagents, and can determine multiple values in one 

procedure (Stuth et al. 2003). Near infrared light (700-2500 nm) has a strong relationship 

with hydrogen bonds and is absorbed in bonds such as N—H, O—H, and C—H, which 

are commonly found in animal and plant materials (Lu 2016). The chemical components 
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of a sample determine how many bonds are present and which wavelengths of light are 

absorbed (Foley et al. 1998). The light reflected from the sample can provide information 

regarding its chemical composition (Shenk and Westerhaus 2001). Calibration equations 

may then be created using NIRS results paired with known chemical reference values; the 

process of which is outside the scope of this thesis, yet documented elsewhere (Foley et 

al. 1998; Stuth et al. 2003). 

Even with the use of NIRS to determine forage quality, predicting cattle diet 

quality under rangeland conditions is still a challenge due to cattle selectivity (Boval et 

al. 2004). NIRS of fecal samples is used to analyze protein and energy values of 

consumed forage through the prediction of CP and DOM (Lyons and Stuth 1992). As 

mentioned earlier, stomach content analysis, fistulation, and clipping biomass are some 

methods historically used in research to quantify the quality of diets selected by 

herbivores. Invasive methods such as fistulation and stomach content analysis are not 

feasible on a commercial scale, and clipping biomass in a way which grazers select 

forage is a challenge (Tolleson and Schafer 2014). One advantage of using fecal NIRS to 

estimate diet quality is that challenges associated with collecting vegetation selected by 

grazers are overcome (Dixon and Coates 2009). Fecal indices incorporate animal 

selectivity, intake, the rumination process, the mastication process, and other processes 

which contribute to diet quality (Coleman 2010).  

In the 1980s, researchers Holloway and Stuth began to investigate ways fecal 

indices could be used to estimate nutrients in cattle diets (Coleman 2010). Fecal NIRS 

calibrations are formed by diet:fecal pairs which are analyzed with NIRS followed by 

chemometric procedures such as modified stepwise regression which is used to select the 
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equation with the highest correlation and lowest statistical error (Stuth and Tolleson 

2000). Further information regarding the applicability of fecal NIRS, sample handling, 

and analyses have been previously reported (Dixon and Coates 2009; Lyons and Stuth 

1991; Lyons and Stuth 1992).   

In the early 1990s, Lyons and Stuth first reported validation of fecal NIRS 

equations for cattle. Successful fecal NIRS calibration equations for DOM and CP 

illustrated the early potential of NIRS technology quantifying cattle diet quality (Lyons 

and Stuth 1992). Coleman and Murray confirmed this finding in an article reporting that 

fecal NIRS can provide considerable information regarding the nutritive value of cattle 

diets (Coleman and Murray 1993).  

Since then, fecal NIRS calibration equations have been developed in the United 

States for a number of grazing animals including cattle, sheep, goats, deer, elk, and 

donkeys (Keating 2006; Kidane et al. 2008; Leite and Stuth 1995; Li et al. 2007; Lyons 

and Stuth 1992; Mehtiö et al. 2016; Showers et al. 2006; Tolleson et al. 2012). In 

Australia and Canada, scientists have developed calibrations for cattle and other livestock 

(Coates 2004; Gibbs et al. 2002; Jancewicz et al. 2016). In Africa, calibration equations 

for antelope, elephants, cattle, sheep, and goats have been developed (Awuma 2005; 

Dorgeloh et al. 1998; Lister et al. 1997). Many studies continued to show the 

applicability and reliability of fecal NIRS to estimate range cattle diet quality (e.g., Boval 

et al. 2004; Decruyenaere et al. 2009; Dixon and Coates 2010; Landau et al. 2016; 

Tolleson and Schafer 2014). However, due to its technological nature, fecal NIRS is 

regarded with some skepticism from those in the range cattle industry and would benefit 

from further research (Boval et al. 2004). The objective of the present study is to test the 
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ability of fecal NIRS paired with NUTBAL to monitor diet quality and to project future 

BCS based on current forage and environmental conditions in cattle grazing a southern 

Arizona rangeland. 
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CHAPTER 1. MONITORING CATTLE DIET QUALITY USING FECAL NEAR 

INFRARED SPECTROSCOPY  

INTRODUCTION 

 The first objective of the present study was to monitor diet quality of cattle 

grazing on the Santa Rita Experimental Range (SRER) using fecal near infrared 

reflectance spectroscopy (NIRS) and compare these results to vegetation attributes. In 

order to meet this objective, fecal samples and vegetation attributes were collected from 

each pasture grazed for more than five days by a small (82 AU) registered Red Angus 

herd during a yearlong grazing rotation. Sampling included the collection of herd 

representative fecal composites, standing biomass, botanical composition, and observed 

relative utilization occurred between June 10, 2016, and June 12, 2017. 

Diet Quality and Fecal NIRS  

 Proper nutrient management can help increase herd health, reduce overhead costs, 

and increase animal performance and production. Monitoring animal nutrition is essential 

when managing for animal productivity. In order to identify limitations and increase 

animal production, nutritional deficiencies must be clearly defined (Stobbs 1975). 

Observing and recording diet quality in free roaming cattle can be challenging, and most 

available techniques are impractical to use in a commercial setting. Cattle diet quality has 

been measured using fistulation, tracers, hand-collected bite grabs, fecal NIRS, and other 

methods.  

 Of the techniques available to cattle managers, fecal NIRS to quantify diet quality 

is the most practical method in commercial grazing operations. NIRS is quick, precise, 



16 
 

non-invasive, has low labor requirements, is nondestructive, and can provide a large 

range of information regarding diet quality (Foley et al. 1998; Stuth et al. 2003). NIRS 

can be used to determine digestible organic matter (DOM), crude protein (CP), fecal 

nitrogen, fecal phosphorus, and other important indicators of cattle nutrition (Lyons and 

Stuth 1992).  

 Organic molecules in fecal samples absorb and reflect near infrared light which is 

not visible to the human eye (Stuth et al. 2003). The chemical composition of samples 

determine the type of bonds present in a sample and the reflected wavelengths (Foley et 

al. 1998). These bonds are primarily C—H, O—H, and N—H (Osborne et al. 1993). 

Reflected fecal spectra can then be used to determine dietary values using calibration 

equations created from known diet:fecal pairs (Landau et al. 2016). Use of fecal NIRS to 

determine diet quality values such as DOM and CP for cattle was first confirmed in the 

early 1990s (Lyons and Stuth 1992). Since then, calibration equation and validation 

studies have been conducted in many countries and ecotypes (Boval et al. 2004; 

Decruyenaere et al. 2009; Dixon and Coates 2010; Landau et al. 2016; Tolleson and 

Schafer 2014). 

Vegetation Analysis 

 The botanical composition and standing biomass of vegetation have relevance to 

many ecological processes such as energy capture, productivity, and nutrient cycling 

(Smith et al. 2012). Stuth and Lyons reported that during a multi-trial cattle grazing 

study, as the quantity of forage decreased, both dietary CP and DOM declined (Stuth and 

Lyons 1999). Because of this, both forage quality and quantity are important to consider 

when monitoring animal performance (Lyons and Machen 2007). Also, production and 
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composition of biomass can vary greatly among seasons and years, primarily due to 

weather conditions such as precipitation (Rutherford 1980). Range managers must be 

able to interpret observations and data in the context of biomass and how it is comparable 

to average conditions (Smith et al. 2012). For these reasons, standing biomass, botanical 

composition, and observed use were measured during the present study. 

 Since the 1930s, utilization has been used as a tool to measure grazing intensity 

based on the percentage of the current year’s forage production that has been consumed 

or destroyed by grazing animals (Smith et al. 2007). Because utilization is defined as the 

percentage of forage removed from the total year’s growth by grazing, utilization 

measurements require that current year’s production is complete when estimating 

utilization (Ruyle et al. 2016). Within this study, standing biomass sampling occurred 

before each grazing period. Due to measurements being collected throughout the study, 

not all values represent production after the growing period. Therefore, utilization values 

in this study are considered to be “relative utilization” (Ruyle et al. 2016).  

MATERIALS AND METHODS 

Study Site  

 This study was conducted on the southern portion of the SRER and an adjacent 

U.S. Forest Service grazing allotment pasture (Ranger Station). Appendix A provides the 

location map and pastures included in this study. The SRER and the neighboring Forest 

Service allotment are located approximately 56 kilometers south of Tucson, Arizona near 

the town of Green Valley (31°48'N, 110°50'W). The study area included 11 pastures 

totaling 3154 ha. Pasture size varied between 87 and 329 ha on the SRER, and the Ranger 

Station pasture was 1,004 ha (406 ha capable). Elevation varied between 890m to 1,580m 
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across the SRER with higher elevations in the Ranger Station pasture. Rainfall in the area 

increases with elevation and yearly precipitation averages between 250mm to 500mm. 

The annual mean temperature within the study site is 16° C with summer temperatures 

frequently rising above 35° C.  

On the Forest Service allotment adjacent to the southern portion of the SRER, the 

herd grazes on the Nogales Ranger District, Ranger Station pasture. This pasture is 

located on the northwest side of Mt. Wrightson in the Santa Rita Mountains. Steep grades 

and rough terrain in this pasture reduced the total grazable area to 406 ha.  

 On the SRER, the primary forage species are warm-season grasses hence the 

amount of available forage is most highly correlated with the amount of average summer 

rainfall (Martin and Severson 1988). Up to 60% of total yearly precipitation in 

southeastern Arizona occurs between July and August (Cable 1975). During this rainy 

season, up to 90% of perennial grass growth occurs (Culley 1943).  

 Vegetation on the SRER and the adjacent Forest Service allotment varies between 

desert scrub in the low elevations to savanna woodland in higher elevations. Common 

herbaceous species throughout the area include native Arizona cottontop (Digitaria 

californica), large-spike bristlegrass (Setaria macrostachya), grama grass (Bouteloua 

spp.), aristida (Aristida spp.), Tanglehead (Heteropogon contortus), and the introduced 

Lehmann and Boer lovegrasses (Eragrostis spp.). Also common on the site are mesquite 

(Prosopis spp.), paloverde (Parkinsonia spp.), cholla (Cylindropuntia spp.), and prickly 

pear (Opuntia spp.). Water is readily available to livestock in tanks located in each 

pasture. 
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Study population  

 For this project, we monitored an established, registered Red Angus herd owned 

by the Santa Rita Ranch for an entire year. The herd was composed of mature cows 

averaging five years old and their calves totaling 82 animal units. Calving occurred in 

July of 2016 (± 1.5 months), and calves were weaned April 21, 2017 (± 1 month). 

Following calving, the average weight of cows was 546 kg (± 190 kg), and average BCS 

was 5.3 denoting a herd frame index of 5.05.  Cows were artificially inseminated in 

October of 2016 at which point bulls were released into the pasture. Cows had access to a 

mineral block near water, which was easily accessible in all pastures, but there were no 

feed supplementations.  

Vegetation  

 In an attempt to describe available forage conditions during the study, standing 

biomass, botanical composition, and relative utilization were measured in each pasture 

grazed during the yearlong period. All transect data were collected one to five days 

before or after a herd rotation. Three randomly located 100 pace transects were measured 

for forage biomass and species composition before the herd entered each pasture. After 

the herd left each pasture, three to five transects were measured to determine relative 

utilization. The number of utilization transects for each pasture was determined using the 

following rule: one transect per 80 ha with a minimum of three transects per pasture. 

Pastures UA-C and 4 are exceptions to these rules as vegetation data were used for other 

research requiring a more intensive collection of information. Transect locations were 

determined using random sampling achieved through ArcGIS. Pasture map including 

transects can be found in Appendix A. 
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 Standing biomass, defined as the weight of available forage at a given time in a 

given area, and botanical composition were measured using the dry-weight rank and the 

comparative yield methods respectively, as described in the Interagency Technical 

Handbook (Coulloudon et al. 1999). When measured in conjunction with dry-weight 

rank, comparative yield presents a measure of species composition by weight (Despain et 

al. 1997).  

 Herbaceous use was determined using the percent-ungrazed plant method, 

performed as described by (Roach 1950). Percent utilization is determined from the 

relationship between the available amount of forage and the amount of forage removed 

(Smith et al. 2007). This method has an R2 value >.90 for the regression relationship 

developed on the SRER (Roach 1950). Due to its replicability and rapid field procedure, 

the Grazed Plant method to measure herbaceous use was selected for this project.     

 Considering both herbaceous forage and browse use are important when 

monitoring cattle diets. Browse and forbs often enhance diet quality significantly, and 

their utilization is important for animal performance (Coates 2000). Observed browse use 

was determined using the Landscape Appearance Method during this study. Although a 

qualitative assessment, this method is rapid and researchers’ estimates are assigned a 

utilization class (Coulloudon et al. 1999).  In total, 45 transects measuring standing 

biomass and species composition, and 50 transects estimating relative utilization were 

measured during the duration of this project. 

Fecal Collection 

 All necessary materials for sample collection were ordered using the NUTBAL 

Online (http://cnrit.tamu.edu/nutbal_online) Request Kit link. Fecal sample collection 
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kits were provided by the Grazingland Animal Nutrition Lab (GAN Lab). Fecal samples 

were collected at opportune times during the grazing period in each pasture with 

sampling efforts focusing towards the mid-point of grazing as recommended by Tolleson 

and Schafer (2014). Six additional samples were collected during predetermined times 

when animal nutrition status assumed to be stressed (e.g., peak lactation, gestation, 

weaning) or when the grazing period within a pasture exceeded one month. 

 Collection of fecal samples included one tablespoon of 15 individual fecal 

samples, each weighing approximately 50 grams, and then mixing them into one Ziploc 

bag. A composite of 15 fecal samples has been noted as suitable for herd management 

systems (White et al. 2010). In total, 18 fecal composites were collected over the period 

of the study. After collection, samples were stored in a freezer until shipment. Samples 

were shipped UPS 3 Day Select to the GAN Lab in Texas for analysis. Results were then 

returned following the NIRS analysis conducted by the GAN Lab. All data were 

organized in Microsoft Excel.  

RESULTS 

 During the study period, average total precipitation across the SRER was 39.78 

cm. Rotation schedules, grazing dates, animal days per hectare (ADH), and pasture size 

are reported in Table 1-1. Standing biomass averaged 2632 kg/ha (SE = 295.22), and 

botanical composition across all pastures was dominated by lovegrass, primarily 

comprised of Lehmann lovegrass (Eragrostis lehmanniana). Observed browse use was 

negligible in all pastures except pasture 1, which was determined to be light (6-20%). 

Standing biomass collected before cattle entered each pasture ranged from 1440 kg/ha 

(SE = 233.5) to 3018 kg/ha (SE = 72.01) (Figure 1-1). Relative utilization measured 
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following the exit of cattle in each pasture averaged around 20% (Figure 1-2), and 

preferred grass species recorded as grazed included Setaria macrostachya, Digitaria 

californica, and Eragrostis spp. (Table 1-2). Fecal diet quality received from the GAN 

Lab resulted in an average CP of 6.39% and DOM of 59.71% during the study period. 

Fecal derived diet quality results for each sample are reported in Table 1-3 and Figure 1-

3.  

Pasture UA-A 

 The first pasture sampled during the present study was UA-A which totaled 222 

ha. Standing biomass was estimated at 2968 kg/ha (SE = 173.76) and projected ADH was 

8.8. Lehmann lovegrass (43%), mesquite (19%), and grasses native to southern Arizona 

(13%) dominated the botanical composition. Shrubs included species such as burrowed 

(Isocoma tenuisecta) (7.6%) and fairy duster (Calliandra eriophylla) (5.8%).  Two fecal 

samples were collected, the first at day 3 and the second at day 17 of grazing. CP and 

DOM were 6.01% and 60.69% at the time of the first sample. The second sample resulted 

in values of 4.31% CP and 58.25% DOM. Cattle grazed the pasture for 21 days.  Actual 

ADH was reported as 7.8. Once cattle were removed, observed use of perennial grasses 

was 21% and browse use was negligible.  

Pasture UA-D 

 Cattle grazed UA-D for a total of 25 days. Pasture size is 144 ha and had a 

standing biomass of 2599 kg/ha (SE = 58.28). Projected ADH was 14.76. The botanical 

composition included 41.4% Lehmann lovegrass, 20% native grass species, and 16.8% 

mesquite. Portions of the pasture included substantial amounts of fairy duster (10.6%). 

One fecal sample was collected on day 15 of grazing and resulted in 5.86% CP and 
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58.95% DOM. Actual ADH was 14.24 and observed perennial grass use was 21%. 

Browse use was negligible.   

Pasture UA-F 

 Due to the needs of another study on the SRER, pasture UA-F was grazed at two 

separate times during the grazing rotation. The UA-F pasture is 136 ha in size. The first 

grazing period lasted a total of 18 days at the end of July 2016. Standing biomass 

collected before the first grazing period totaled 2246 kg/ha (SE = 348.92) and projected 

ADH was 6.25. Fecal samples were collected at the midpoint of the grazing period on 

day 8. Diet quality resulted in 10.66% CP and 62.86% DOM. Actual ADH was 10.85, 

observed perennial grass use was light (7%), and browse use was negligible.  

 During the first sampling before the growing season, the botanical composition 

was comprised of native perennial grasses (1.8%) and Lehmann lovegrass (73.1%). 

Mesquite composed 13.4% of the pasture, and only trace amounts of forbs were 

observed. During the second sampling of botanical composition collected near the end of 

the growing season, a considerable increase in native grasses was seen (16%). Lehmann 

lovegrass made up 53.9%, and Mesquite was 13.9% of pasture botanical composition.  

 The second grazing period totaled ten days scheduled at the end of September 

2016, towards the end of the growing season. Following the first sampling and grazing 

period, standing biomass had increased to 2663 kg/ha (SE = 179.41). However, a loss of 

diet quality was observed. Collection of a fecal sample occurred on day 6 of the grazing 

period resulting in a CP value of 8.74% and DOM of 59.89%. Observed perennial grass 

use (7%) remained light and browse use was negligible. Projected ADH was 6.25, and 

actual ADH was 6.03.   
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Pasture UA-G 

 Pasture UA-G is 178 ha and had a standing biomass of 2785 kg/ha (SE = 406.17) 

before cattle grazed for ten days. Projected ADH was 4.78, and fecal was collected on 

day 6 of the grazing period.  Lehmann lovegrass composed more than half of the 

botanical composition recorded (52.2%) and mesquite and native perennial grass were 

16.7% and 8% respectively. Results of the fecal sample showed the highest diet quality 

during the study period with 10.75% CP and a 61.28% DOM value. Actual ADH was 

4.61, observed perennial grass use was 12% and browse use was negligible.  

Pasture UA-H 

 The pasture UA-H is 183 ha large and projected ADH was 4.64 for a 10-day 

grazing period. Standing biomass was recorded as 2324 kg/ha (SE = 437.57), and a fecal 

sample was collected at the mid-point of grazing on day 5. The botanical composition 

included 58% Lehmann lovegrass and native perennial grasses composed 7%. Also worth 

noting, while mesquite numbers were relatively low compared to other pastures (3.9%), 

high amounts of fairy duster (19.8%) were observed. Diet quality analysis for pasture 

UA-H resulted in 9.74% CP and 61.68% DOM. Actual ADH was 4.48 with an observed 

perennial grass use of 13% and no browse use.  

Pasture UA-C 

 In conjunction with another study evaluating how well remote sensing equipment 

can detect grass utilization, increased vegetation sampling and an extended period of 

grazing was applied to this pasture. Projected ADH was 14.36, and actual ADH was 

17.18 in the 148 ha pasture. This study required heavier levels of grazing than typically 

applied on the SRER during the growing season to allow unmanned aerial vehicle 
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cameras to capture a change in vegetation height. For this reason, the projected number of 

days cattle were scheduled to graze (25) was extended to 31 following a mid-point 

sampling of relative utilization.  

 As mentioned, additional vegetation sampling was conducted in this pasture. Six 

macro-plots were randomly placed, at which point five parallel pace transects were 

marked with rebar to assist in resampling. Each of the five transects was 20 meters apart 

and had a length of 20 paces with a rebar marking endpoints. All five transects within a 

single macro plot were directed towards the same random azimuth which was determined 

before sampling occurred. In contrast to the rest of the present study, standing biomass 

and observed use were measured at the same transect locations. Other differences in 

vegetation sampling include standing biomass being measured twice, before and after the 

grazing period, and observed use was measured twice, at the mid-point of grazing and 

following the grazing period.   

 Before cattle entered into UA-C, standing biomass was 1879 kg/ha (SE = 307.49). 

Pasture UA-C was the only pasture where a larger number of native perennial grasses 

(26%) were observed than Lehmann lovegrass (18.2%). Mesquite comprised 8.9% of the 

botanical composition, and due to summer rains, large numbers of annual forbs (19.4%) 

were observed. At the time of the second sampling, following the grazing period, 

standing biomass measured 1440 kg/ha (SE = 233.5) and botanical composition remained 

relatively the same as before cattle grazed. Mesquite totaled 7.17%, native perennial 

grasses comprised 26.03%, Lehmann lovegrass was 18.61%, and annual forbs made up 

19.46% of species sampled.  
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 Two fecal samples were collected in pasture UA-C; the first on day 8 and the 

second on day 25 of the grazing period. The first sample indicated a diet quality of 

10.28% CP and 60.35% DOM. At the time of the second fecal sampling, CP had reduced 

to 7.67% while DOM was not affected at 60.32%. Observed perennial grass use 

measured at the mid-point of the grazing period was 15%, requiring the additional 

grazing days to be implemented as mentioned previously. After the 31 days of cattle 

grazing in pasture UA-C, perennial grass use was recorded as 44%. Browse use at both 

sampling dates was negligible.  

Pasture 1 

 Pasture 1 was grazed for a 36-day period with a projected ADH of 9.68. This 

pasture was the first of the larger, totaling 316 ha and at time of sampling had a standing 

biomass of 2842 kg/ha (SE = 395.73). Botanical composition was primarily composed of 

perennial grasses with Lehmann lovegrass at 70.6% and native grasses at 12%. One fecal 

sample was collected at the midpoint (day 19) of the grazing period signifying a diet 

quality of 6.06% CP and 58.06% DOM. Actual ADH was a reported value of 9.34 and 

following the grazing period, observed perennial grass use measured 8%. It is worth 

noting that the only time browse use was observed to be light (6-20%) was in pasture 1. 

Cattle were consuming small, yet noticeable amounts of fairy duster, which comprised 

3.97% of the botanical composition.  

Pasture 8  

 Cattle were in pasture 8 for 68 days with a projected ADH of 17.31 and an actual 

ADH of 16.95. Pasture 8 is the largest pasture (329 ha) on the SRER that the cattle 

grazed during the study period. Standing biomass equaled 2922 kg/ha (SE = 328.77)  
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Pasture 8 botanical composition was mostly Lehmann lovegrass (72%), a small 

proportion of native perennial grasses (5.1%), and primarily observed under grass cover, 

fairy duster was present (9.5%). Two fecal samples were collected roughly a month apart. 

The first on day 19 of the grazing period and the second on day 52. Results of the first 

fecal sample exhibited a diet quality of 4.70% CP and 57.43% DOM. This DOM value 

was the lowest reported during this study. The second fecal sample resulted in a similar 

diet quality with 4.22% CP and 57.68% DOM. Observed perennial grass use following 

the grazing period was 20% and browse use was negligible.  

Pasture 11C 

 The shortest grazing period sampled during the current study was in pasture 11C 

and totaled eight days. Standing biomass was 2580 kg/ha (SE = 631.98), and the pasture 

size is 87 ha. Projected ADH was 9.77, and actual ADH was 7.54. Shrub and tree species 

combined amounted to 23.7% of the pasture composition with Lehmann lovegrass 

composing 52.2% of the botanical composition. Native perennial grasses were limited 

(5%), and after the winter rains, small amounts of annual forbs were observed (7%). One 

fecal sample was collected three days after cattle entered the pasture. This sample 

resulted in 4.99% CP and 58.79% DOM. Observed perennial grass use was light (16%) 

and browse use was negligible.   

Pasture 4 

 Pasture 4 is 271 ha and had the largest standing biomass value measured during 

the study of 3018 kg/ha (SE = 72.01). Cattle grazed in this pasture for 52 days with a 

projected ADH of 17.25. The botanical composition included 55.3% Lehmann lovegrass, 

8% native perennial grasses, 5.4% mesquite, and 6.2% broom snakeweed (Gutierrezia 
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sarothrae). Two fecal samples were collected in pasture 4 on day 21 and the last day of 

the grazing period. Diet quality results were 5.03% CP and 59.37% for the first fecal 

sample. The second had a low CP value of 4% and a DOM of 58.4%. Browse use was 

negligible and observed perennial grass use was 17% following an actual ADH of 15.73. 

In order to illustrate grazing patterns in this larger pasture, ten transects were measured, 

and a utilization map was created (Appendix B). Utilization was collected using the 

Landscape Appearance method for both herbaceous and browse use to assist in mapping 

efforts.  

Forest Service Pasture – Ranger Station  

 The Ranger Station pasture located on the side of Mt. Wrightson in the Santa Rita 

Mountains has steeper grades and rougher terrain than the SRER. This affected grazing 

and sampling efforts, concentrating them in areas affording access. Standing biomass was 

2759 kg/ha (SE = 202.61) at time of sampling. Projected ADH was 17.80, and actual 

ADH was 17.17. Little rain (less than 0.5”) occurred during the 85-day grazing period. 

Native perennial grasses composed 21% and Lehmann lovegrass 35.8%. Mimosa 

(Mimosa spp.) were common throughout the pasture (14.2%), and some annual forbs 

were present (7.4%). Three fecal samples were collected at day 10, day 53, and day 77 

respectively. The first sample resulted in 4% CP and DOM was 61.2%. At the time of the 

second collection, CP was 4%, and DOM was 59.60%. The final fecal sample resulted in 

a diet quality of 4% CP and 60% DOM. Observed perennial grass use was 47% and 

browse use was negligible.  
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DISCUSSION 

 The use of fecal NIRS to monitor cattle diet quality on the SRER was a relatively 

simple technique that can be replicated by ranchers throughout southern Arizona. Mean 

CP collected in this study was 6.39% and peaked at 10.75% in early August 2016. CP 

had a minimum value of 4.0% in March 2017, which was maintained into the end of the 

study. DOM averaged 59.71% throughout the study; peaking at 62.86% in late July 2016 

and fell to a minimum of 57.43% in December 2016. These values and sequence are 

similar to previous data collected in southeastern Arizona (Stuth Unpublished Data). 

Historical data (Figure 1-4) supports this observation and provides a reference to diet 

quality trends common in the neighboring Southeastern region of the state (Stuth 

Unpublished Data). Not unlike data reported in this study, diet quality values peak in late 

summer following the monsoons during the growing season.  

 During the study period, relative perennial grass utilization was highest (47%) in 

the Ranger Station pasture; however, this could be due to the cattle grazing closer to 

accessible areas such as water or roads or the concentrated sampling that occurred within 

the pasture due to limited access. Other than in pasture UA-C and Ranger Station, 

observed utilization was light 7%-22%.  

 Cattle almost exclusively consumed perennial grasses. Of the perennial grass 

species observed as consumed within the study, consumption averaged 12% of large-

spike bristlegrass, 13% Arizona cottontop, and 15% native perennials other than large-

spike bristlegrass and Arizona cottontop. The largest component of cattle diets on the 

SRER was Lehmann lovegrass with a total average of 60% of cattle diets. Table 1 lists 

consumed grass species recorded in each pasture at a time when utilization was 
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measured. There were no trends observed in regards to diet quality and type of forage 

consumed. Peak intake of Lehmann lovegrass occurred when CP values were high; for 

example, pastures UA-G and UA-H.  

 When available, cattle consumed substantial amounts of mesquite bean pods, but 

quantifying this value was difficult. Browse use was negligible in all pastures except 

pasture 1 where consumption of fairy duster and other shrubs was light. 

 Native perennial grass consumption dominated the lovegrass at only two points 

during the study, both in pasture UA-C. Interestingly, pasture UA-C also had the least 

recorded standing biomass at time of grazing, and the highest botanical composition 

value for native perennial grass (26%). Between the two samples collected in UA-C, a 

drop in dietary CP was captured. This drop was likely a result of the decline of CP in 

grasses following the growing season.  Cattle expressed almost a full BCS point loss 

following the extended grazing period and drop in diet quality. Cattle were also at peak 

lactation during this time.  

 Carrying capacity values illustrate that stocking rate was never higher than 

moderate grazing pressure ensuring that cattle had access to plentiful forage at all times. 

The forage production values and carrying capacities seen in this study are similar to 

those previously reported on the SRER (Ruyle et al. 1988). Carrying capacity and 

stocking rate for each pasture as described by the Society for Range Management was 

calculated and presented in Table 1-4. On the SRER, moderate utilization is acceptable 

and “use 40%, leave 60%” is the standard. Carrying capacity expressed in AUM was 

determined by dividing usable forage by 900 lbs. (408.23 kg) (Holechek 1988). No 

reductions for the distance from water or slope were required.  
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 At no point during the study was intake limiting (See Figure 1-5 for intake 

values). Even so, if available forage is not limiting, it does not mean it is not nutritionally 

limiting  (Lyons and Machen 2007). At five occasions during the study, energy was 

limiting, and at 13 points in time, CP was limiting. DOM/CP ratio averaged 10.62 with a 

max value of 15.3 in late March 2017 and a minimum value of 5.7 in early August 2016. 

The DOM/CP ratio indicates rumen efficiency with a value of 4.0 being optimal. The 

GAN Lab reports ratio values of 5.0 to 6.0 being common for warm season native ranges. 

A ratio value greater than 7.0 indicates poor rumen efficiency and is seen in very mature 

and dry grasses. In this study, DOM/CP ratios were greater than 7.0 for 13 of the 18 

samples; illustrating the poor rumen efficiency seen in cattle grazing on the SRER.  

CONCLUSION 

 The use of fecal NIRS to quantify and monitor cattle diet quality is a simple tool 

that ranchers in southern Arizona can utilize. While this study included a small 

commercial herd, this technique can be used in most settings where information 

regarding livestock diet quality is desired. The composite of 15 individual samples was 

adequate for this research and monitoring of this herd. However, if more specific 

individualized information is desired, it is recommended that fecal collection techniques 

be altered. For example, if a rancher would like to monitor the diet quality of an 

underperforming cow, a sample from the individual animal should be collected and 

analyzed separately from the rest of the herd. Alternatively, if monitoring a larger herd, 

multiple composites could be collected from different sections of the pasture and 

analyzed separately. 
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 This study illustrates that cattle grazing in southern Arizona may benefit from 

protein supplements at most times throughout the year. Supplementation can allow for 

improved animal performance and profitability. Additionally, future climatic conditions 

may lead to decreased forage quality, increasing the need for monitoring of diet quality 

and supplementation (Ash et al. 2012). In conclusion, fecal NIRS can be a beneficial tool 

for cattle managers in Arizona or similar semi-arid landscapes. Future research should 

include the creation of more diet:fecal pair calibrations and validation in varying 

vegetation types.  

  



33 
 

CHAPTER 1 TABLES  
 

Table 1-1.  – Pasture rotation and projected vs. actual grazing days and animal days per 

hectare (ADH). Projected values are calculated using 85 AU whereas actual values are 

calculated using 82 AU.  

 

Pasture  
Hectares Projected 

Grazing (d) 

Actual 

Grazing (d) 

Projected 

ADH 

Actual        

ADH 

UA-A 222 23 21 8.81 7.76 

UA-D 144 25 25 14.76 14.24 

UA-F 136 10 18 6.25 10.85 

UA-G 178 10 10 4.78 4.61 

UA-H 183 10 10 4.64 4.48 

UA-C 148 25 31 14.36 17.18 

UA-F 136 10 10 6.25 6.03 

1 316 36 36 9.68 9.34 

8 329 67 68 17.31 16.95 

11C 87 10 8 9.77 7.54 

4 271 55 52 17.25 15.73 

Ranger Station * 406 85 85 17.80 17.17 

 

 *Capable hectares 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

Table 1-2. -  Grass species recorded as grazed following the exit of cattle from each 

pasture 

 

Pasture  
Setaria 

macrostachya 

 Digitaria 

californica 

Other Native 

Perennials  

Eragrostis 

spp.  

UA-A 8%  2% 11% 78% 

UA-D 12%  6% 22% 59% 

UA-F 19%  19% 5% 57% 

UA-G 14%  5% 9% 71% 

UA-H 0%  0% 4% 96% 

UA-C - 1 15%  28% 33% 25% 

UA-C - 2 22%  30% 28% 21% 

UA-F 17%  18% 4% 61% 

1 0%  20% 25% 55% 

8 19%  9% 10% 63% 

11C 20%  12% 15% 53% 

4 n/a  n/a n/a n/a 

Ranger Station 1%  5% 13% 80% 

Average:  12%  13% 15% 60% 
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Table 1-2. – Fecal NIRS predicted diet quality and associated H values   

 

Pasture CP DOM DOM:CP H Value 

UA-A 
6.01% 60.69% 10.1 1.6 

4.31% 58.25% 13.5 1.9 

UA-D 5.86% 58.95% 10.1 2.0 

UA-F 10.66% 62.86% 5.9 2.0 

UA-G 10.75% 61.28% 5.7 1.8 

UA-H 9.74% 61.68% 6.3 1.9 

UA-C 
10.28% 60.35% 5.9 1.9 

7.67% 60.32% 7.9 2.2 

UA-F 8.74% 59.89% 6.9 1.5 

1 6.06% 58.06% 9.6 1.9 

8 
4.70% 57.43% 12.1 1.7 

4.22% 57.68% 13.7 2.7 

11C 4.99% 58.79% 11.8 2.4 

4 
5.03% 59.37% 11.8 3.0 

4.00% 58.40% 14.6 2.9 

Ranger Station 

4.00% 61.20% 15.3 2.3 

4.00% 59.60% 14.9 1.9 

4.00% 60.00% 15 5.7 

Average  6.39% 59.71% 10.6 2.3 
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Table 1-3. – Carrying capacity and stocking rate  
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CHAPTER 1 FIGURES  
 

Figure 1-1 - Standing biomass collected in each pasture before the grazing period. Error 

bars = SE.  

 

 
Figure 1-2. – Observed relative utilization for perennial grass species collected in each 

pasture following the grazing period  
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Figure 1-3. – Fecal near infrared spectroscopy derived crude protein (CP) and digestible 

organic matter (DOM) 

 

 
 

Figure 1-4. – Historical fecal near infrared spectroscopy derived crude protein (CP) and 

digestible organic matter (DOM) values collected in Southeastern Arizona (Stuth, 

unpublished data) 
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Figure 1-5. – Fecal near infrared spectroscopy derived daily forage intake estimates per 

animal unit  
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CHAPTER 2. USE OF FECAL NEAR INFRARED SPECTROSCOPY AND 

NUTBAL TO PROJECT BODY CONDITION SCORE   

INTRODUCTION 

 The second objective of this study was to determine the ability of fecal near 

infrared spectroscopy (NIRS) predictions of diet quality and a cattle nutritional balance 

analysis software (NUTBAL) to project body condition scores (BCS) of cattle grazing on 

the Santa Rita Experimental Range (SRER). Vegetation data, including standing biomass, 

botanical composition, and relative utilization were collected to describe forage 

conditions. Fecal samples were collected in each pasture when the grazing period was 

longer than five days. Each sample represented a composite of 15 individual animals. 

Eighteen fecal composite samples were collected for NIRS over the yearlong study. 

 Observed BCS were recorded at the time of each fecal sample collection. The 

decision support software NUTBAL was then used to project average daily gain (ADG) 

based on current diet quality and environmental conditions. After which, ADG was 

multiplied by the number of days between samples, added to the current weight, and 

converted to projected BCS. Conversion of BCS was calculated from an allometric 

relationship between weight, age, sex, and frame index. Fecal NIRS/NUTBAL projected 

BCS was then compared to observed BCS. While there is potential for this program to be 

used by ranchers in southern Arizona, describing herd characteristics accurately and user 

knowledge of NUTBAL is necessary.  

NUTBAL: Nutritional Balance Analyzer   

The NUTBAL software, available through the Grazingland Animal Nutrition Lab 

(GAN Lab), a service provided by Texas A&M AgriLife Research, provides livestock 
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producers nutritional management information and advice (Stuth and Tolleson 2000). 

According to the NUTBAL website (https://cnrit.tamu.edu/pagesmith/16), the NUTBAL 

software’s “primary purpose is to provide the livestock industry the means to monitor the 

nutrient concentration in the animal's diet and determine if the current diet is sufficient to 

meet performance goals set by the producer” (Blackland Research & Extension Center 

2017). Further information regarding the background of NUTBAL and equations within 

the software are discussed by Stuth et al. (1999) and Stuth et al. (2002). 

NUTBAL determines an animal’s requirements using a standard reference weight 

input by the user, which is then adjusted to a BCS of 5 and is developed from given age, 

sex, and frame index (Institute 1999). The COWSCORE utility in NUTBAL allows users 

the ability to explore the associations between age, sex, weight, and BCS to assign the 

appropriate frame index used in characterizing metabolic needs (Stuth et al. 1999). 

Through the amalgamation of modeling and a system predicting dry matter intake from 

metabolic requirements, NUTBAL provides values regarding future animal performance 

and limiting dietary factors from fecal components (Institute 1999). Information such as 

forage nutrient availability can be characterized in fecal by-products which can then be 

related to dietary crude protein (CP) and digestible organic matter (DOM) (Stuth et al. 

2002).  

While the NUTBAL Online is now available for the use of the software 

(http://cnrit.tamu.edu/nutbal_online/pages/user/default.jsp), the desktop package 

NUTBAL PRO was used in this study. Both applications of NUTBAL use the same 

calibration equations and require the same user inputs. The NUTBAL PRO for Windows 

is also available for download on the NUTBAL Online website. The desktop package 
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was utilized during this research for the ease of application, ability to make utility inputs 

and adjustments (Stuth et al. 2002), and its ability to export case analysis to a PDF or 

other document. All mentions of the NUTBAL software in this document refer to 

NUTBAL PRO. 

Body Condition Score 

Cattle BCS are a quick tool to assess the current performance of range animals as 

related to their diet quality. The utility of the NUTBAL software relies on the ability of 

the user to accurately score body condition (Stuth et al. 1999). Body condition scoring is 

a subjective visual evaluation method used to determine cattle performance because it is 

easy, quick, and repeatable (Ferguson et al. 1994).  The term “body condition” was first 

used as a way to describe the amount of fat in an animal (Murray 1919). The more 

experience the scorer has, the more reliable the scores (Yaylak and Akbaş 2009). There 

are multiple scoring systems used to represent the BCS of cattle; the most common of 

these in the United States is a nine-point scoring system (Vizcarra and Wettemann 1996). 

Within the NUTBAL software, the option to use the body condition scoring system of 

your choice is available; however, for this research, the nine-point system was used. 

Viscarra and Wettemann (1966) determined that this nine-point scale is a precise system 

for evaluating cattle within one unit when periodical standardization and training occur.  

Previous Research 

NUTBAL and fecal NIRS. When paired with fecal diet quality predictions, 

decision support software such as NUTBAL can be used to monitor cattle nutrition in 

many grazing conditions (Stuth et al. 2003). This system can be used to determine what 

nutritional factors may be limiting animal performance (Lyons 2010). One survey of 350 
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ranchers who had used the fecal NIRS/NUTBAL system for 6-24 months indicated that 

as time using the system increased, there was an increase in benefits (e.g., increased cow 

weights, fewer feed costs, etc.) (Eilers 1999). A unique quality about the NIRS/NUTBAL 

system is the associated feedback of monitoring, analyzing, and adjusting, that can lead to 

increased success and accuracy over time (Stuth et al. 2002). This system and its ability 

to determine nutrient limitations and associated animal performance can help researchers 

and livestock producers to meet operational goals (Stuth and Tolleson 2000).  

Projecting BCS with fecal NIRS and NUTBAL. Many feeding models and 

standards are based on the link between animal performance and nutrient intake 

(Coleman and Moore 2003). As previously discussed, the use of the fecal 

NIRS/NUTBAL system to monitor cattle diet quality has been demonstrated many times. 

A more recent use of this technology is projecting future animal performance using the 

NUTBAL software. Cattle managers can learn to use the NUTBAL software to express 

NIRS derived diet quality results regarding animal performance (kg/d weight change) 

(Stuth and Tolleson 2000). To project a future weight, weight change should then be 

multiplied by the necessary number of days and added to current weight (Tolleson and 

Schafer 2014). The projected weight can then be converted to BCS using allometric 

relationships accessible through the COWSCORE utility in NUTBAL. With experience 

and development of fecal profiling, the ability to predict future animal performance 

should improve (Coates 2000). 

Validation. In a report by Stuth and colleagues (1999), three animal performance 

validations regarding weight change were documented; two in Texas and one in South 

Dakota. All three trials resulted in no significant differences between observed and 
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predicted animal loss/gain values (Stuth et al. 1999). Authors reported, however, that to 

successfully project animal performance, forage availability must be estimated (Stuth et 

al. 1999). Dixon and Coates later confirmed the ability of fecal NIRS to estimate animal 

live weight change in unsupplemented cattle grazing in Australia to a degree of accuracy 

appropriate for management decisions (Coates and Dixon 2008).  

Other studies have corroborated these findings. In Texas, researchers reported that 

once forage intake estimates were calibrated in NUTBAL, differences between projected 

BCS and observed BCS were less than 0.5 about 90% of the time (Lyons and Machen 

2007). In central Arizona, Tolleson and Schafer (2014) determined that when coupled 

with NUTBAL, fecal NIRS nutrient estimates can be used to project future BCS 

accurately enough for use in monitoring animal diet quality. After calibration of model 

inputs (e.g., environmental conditions, animal status), approximately 70% of projected 

BCS were within 0.5 BCS of observed scores, and 50% of projected BCS were within 

0.25 BCS of observed scores (Tolleson and Schafer 2014).  

These studies along with previous documentation illustrate the importance of user 

knowledge when inputting animal and environmental conditions into nutritional models 

(Fox et al. 1995; Stuth et al. 2002). Other research emphasizes the need to improve 

calibration equations through validation in multiple locations and environmental 

circumstances (Dixon and Coates 2009; Lyons 2010; Stuth et al. 2003). The current study 

aims to determine software calibration needs and validate the use of fecal 

NIRS/NUTBAL to project future animal performance in a semidesert grassland in 

southern Arizona.  
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MATERIALS AND METHODS 

Study Site 

 This study was conducted on or adjacent to the SRER approximately 56 

kilometers south of Tucson, Arizona (31°48'N, 110°50'W). All data were collected on the 

southern portion of the SRER and an adjacent U.S. Forest Service pasture (Ranger 

Station). A map detailing pasture and transect locations is provided in Appendix A. In 

total, the study area included 11 pastures for a total of 3154 ha. On the SRER, pasture 

size varied between 87 and 329 ha (Table 2-1). The Forest Service’s Ranger Station 

pasture totaled 1004 ha, of which only 406 ha is considered accessible to cattle grazing 

by the Forest Service due to rugged terrain. Elevation varies from 890m to 1580m across 

the SRER with higher elevations near the mountain range on the Forest Service pasture. 

Yearly precipitation averages between 250mm to 500mm per year with rainfall 

increasing with site elevation. Annual mean temperature across the study site is 16° C 

with summer temperatures frequently rising above 35° C.  

Up to 90% of perennial grass growth occurs during the summer monsoon period 

(Culley 1943). Warm season grasses are the primary forage species on the SRER and 

amount of available forage is highly correlated with the amount of summer rainfall 

(Martin and Severson 1988). Common herbaceous species throughout the area include 

native Arizona cottontop (Digitaria californica), large-spike bristlegrass (Setaria 

macrostachya), grama grass (Bouteloua spp.), aristida (Aristida spp.), Tanglehead 

(Heteropogon contortus), and the invasive Lehmann and Boer lovegrasses (Eragrostis 

spp.). Other species common to the site are mesquite (Prosopis spp.), paloverde 

(Parkinsonia spp.), cholla (Cylindropuntia spp.), and prickly pear (Opuntia spp.). 
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Study Population  

For this project, we monitored the cows in a registered Red Angus herd owned by 

the Santa Rita Ranch, for a yearlong grazing period. The herd consisted of 82 animal 

units composed of cow/calf pairs with mature cows averaging five years of age. Calving 

occurred in July of 2016 (± 1.5 months), and calves were weaned April 21, 2017 (± 1 

month). Following calving, the average weight of cows was 546 kg (± 190 kg), and 

average BCS was 5.3 which resulted in a herd frame index of 5.05.  Cows were 

artificially inseminated in October of 2016, at which point bulls were released into the 

pasture. Water was readily available in all pastures. Cows had access to a mineral block 

near water, with no other supplementation.  

Vegetation Sampling 

To document forage conditions during the study, standing biomass, botanical 

composition, and relative utilization were measured in each pasture grazed during the 

yearlong period. Biomass and species composition were sampled along three, 100 pace 

transects before the herd entered each pasture. After the herd left each pasture, relative 

utilization was measured on three to five, 100 pace transects. All transect data were 

collected one to five days before and one to five days after a herd rotation. The number of 

utilization transects for each pasture was determined using the following rule: one 

transect per 80 ha with a minimum of three transects per pasture. Pastures UA-C and 4 

are exceptions to these rules as vegetation data were used for other research requiring 

more intensive data collection. Transect locations were determined randomly using 

ArcGIS. Pasture maps with transect locations can be found in Appendix A. 
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Standing biomass and botanical composition were measured using the dry-

weight-rank method and the comparative yield method as described in the Interagency 

Technical Handbook (Coulloudon et al. 1999). When measured in conjunction with dry-

weight rank, comparative yield provides a measure of plant species composition by 

weight (Despain et al. 1997). Herbaceous utilization was determined using the percent-

ungrazed plant method, performed as described by (Roach 1950). In addition to the 

percent-ungrazed plant method, the landscape appearance method was performed as 

recommended in the Interagency Technical Handbook (Coulloudon et al. 1999) to 

determine browse use. In total, 45 transects measuring standing biomass and species 

composition and 50 transects estimating utilization were measured during the duration of 

this project.  

Fecal Collection and Body Condition Score Observations 

Fecal sample collection kits were provided by the GAN Lab. All necessary 

materials for sample collection were ordered using the NUTBAL Online 

(http://cnrit.tamu.edu/nutbal_online) Request Kit link. Fecal samples were collected 

toward the mid-point of the grazing period in each pasture as recommended by Tolleson 

and Schafer (2014). Six additional samples were collected at predetermined times when 

animal nutrition requirements increased (e.g., peak lactation, gestation, weaning) or when 

the grazing period within a pasture exceeded one month. 

Collection of fecal samples included measuring one tablespoon of feces from 15 

individual fecal deposits, each weighing approximately 50 grams, and then mixing them 

into one plastic bag. A composite of 15 fecal samples is considered suitable for herd 

management systems (White et al. 2010). As it takes 2 to 4 days for a change in diet to be 
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reflected in feces (Coates et al. 1991), samples were only collected in pastures where 

cattle grazed for more than five days. In total, 18 fecal composites were collected over 

the period of the study. After collection, samples were stored in a freezer until shipment. 

Samples were shipped UPS 3 Day Select to the GAN Lab in Texas for analyses. Results 

were then returned following the NIRS analyses conducted by the GAN Lab.  

During the time of each fecal collection, attempts were made to collect BCS on at 

least 30 cows (Yaylak and Akbaş 2009). The sampling of BCS usually occurred near 

cattle watering locations. When 30 cows were not located near water, sampling efforts 

included walking or driving through pastures to score as many cows as possible. A nine-

point scoring system was used (1 = very thin – 9 = very fat). Because assigning BCS is a 

subjective visual estimation, calibration and training among researchers recording animal 

condition were conducted. Two researchers recorded observed BCS in this study. BCS 

were recorded to the nearest full point during data collection and to the nearest half point 

for calibration. Calibrations occurred before the collection of project data and at the mid-

point of the project. Calibration at each time resulted in BCS recorded by observers 

having a SD of less than 0.5 BCS.  

Fecal NIRS and NUTBAL Models  

Methods for the application of fecal NIRS and NUTBAL for this project were 

adapted from Tolleson and Schafer (2014). This process was repeated for each sample 

collected throughout the project. 

Methods included: 

1. Shipping the collected fecal samples to GAN Lab for content analysis. 
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2. After receiving fecal analysis results from the GAN Lab, input descriptive 

information about the herd into the NUTBAL software. Herd 

characteristics such as the number of days pregnant, days lactating, breed, 

age, frame index, and BCS at time of fecal sample were collected and 

input into the computer software.  

3. Inputting into the model environmental and management information that 

may affect animal performance. Environmental conditions including 

current and previous 30 days minimum and maximum daily temperatures, 

wind speed, and hours of daylight were collected from the U.S. Animal 

Performance Weather Data System (http://cnrit.tamu.edu/cgi-

bin/nutbalweather) for use in the model.  

4. Inputting into the model diet quality fecal NIRS results (i.e., CP, DOM, 

fecal phosphorus, and fecal nitrogen). 

5. Running the model to receive projected animal performance values 

represented as kg/d weight change. Resulting kg/d weight change was 

then multiplied by the number of days between sample collections. 

Following the determination of weight change between each sample 

collection, projected BCS was determined using an allometric relationship 

with NUTBAL’s COWSCORE utility by inputting frame index and 

projected weight.  

 To best describe the herd’s characteristics, two profiles were created in the 

NUTBAL software. The first was created using information provided by the rancher and 

titled as the herd “average”. The second was titled herd “median” and was developed 
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from rancher information along with researcher observations. Both were similar and used 

the same age (61+ months), AUs (82), BCS values collected at the time of the sample, 

and frame index (5.05). However, at time of the first fecal sample on June 10, 2016, the 

“average” profile input for days pregnant was 248 whereas the “median” profiles input 

for days pregnant was set to 210. This adjustment altered the date of calving and peak 

lactation for the “median” profile to what researchers saw rather than rancher estimations 

because they better represented the observed cattle, allowing for a more realistic 

modeling of energy requirements 

In order to determine the ability of existing fecal NIRS calibrations coupled with 

NUTBAL to project BCS in a commercial ranch setting six evaluations were conducted. 

These evaluations included some adjustments in the NUTBAL software as the result of 

an iterative process following gained experience and knowledge using the program. The 

first evaluation included using the “average” herd profile in a straightforward manner 

using NUTBAL derived CP reports. The remaining evaluations were only run for the 

“median” herd profile. Two evaluations were conducted using Standard NUTBAL 

Reports based on either CP or metabolizable protein (MP). These evaluations were: (1) 

BCS was projected forward from each sample as a single event, and (2) BCS was 

projected after the predicted weight change was averaged between two sampling dates as 

described in Tolleson and Schafer (2014). A sixth evaluation including using the MP 

report and averaging ADG following the alteration of a temperature-induced intake 

reduction equation. All data were organized in Microsoft Excel and analyzed with IBM 

SPSS predictive analytics software. 
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RESULTS 

The SRER herd maintained a relatively constant BCS for the majority of the study 

period, fluctuating between 4.27 and 5.3 depending on diet quality and energy 

requirements. Mean BCS during the study was 5.00 and had a standard deviation of 0.26 

BCS. Lowest recorded BCS was 4.27 following an extended grazing period in pasture 

UA-C due to the needs of another study in that pasture exploring the use of unmanned 

aerial vehicles to estimate utilization. Highest recorded BCS was 5.3 in pasture UA-H 

during the summer monsoon season. Standing biomass measured before each grazing 

period averaged 2632 kg/ha (SE = 295.22) across the range (Figure 2-1). Botanical 

composition was largely dominated by Eragrostis lehmanniana and Prosopis spp. 

Precipitation data were collected from the SRER website (cals.arizona.edu/srer/data) and 

average rainfall across the range during the study period was 39.85 cm (Table 2-2). 78% 

of rainfall occurred between June 2016 and September 2016 presenting an average year. 

Relative utilization measured following each grazing period is presented in Figure 

2-2 and ranged from 7-47% averaging 19% with a standard error of 3.82. Utilization 

measured following each grazing period exceeded 21% only twice during the study; in 

pasture UA-C and the Ranger Station pasture. Cattle almost exclusively consumed 

perennial grasses throughout the year. On average, diets consisted of 60% Eragrostis 

lehmanniana, 12% Setaria macrostachya, 13% Digitaria californica, and 15% other 

native grasses (Table 2-3). Browse use was negligible in all pastures throughout the study 

except pasture 1 where utilization was very light (6-20%). Calliandra eriophylla was the 

species recorded as browsed in pasture 1 from field observations. 
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Fecal derived diet quality (Figure 2-3) varied during the study from minimum 

values of 4.00 % CP and 58.40 % DOM in March 2017, to a maximum of 10.75% CP 

and 61.28% DOM in early August 2016. Diet quality values fluctuated throughout the 

summer, peaking in late July 2016 into August 2016 during the summer monsoon season. 

Diet quality began to decline in early September and remained low throughout the winter 

until the end of the sampling period in this study. NIRS derived fecal excreted nitrogen 

and phosphorus values can be seen in Figure 2-4. 

Assessment 1 and Assessment 2  

Fecal NIRS/NUTBAL projected BCS had varying results depending on program 

inputs. When fecal derived diet quality values were first received from the GAN Lab, a 

straightforward analysis was conducted with no adjustments in NUTBAL to the original 

inputs. This resulted in a significant underestimation of BCS for the first assessment 

using the herd “average” profile (M = 4.06, SD = 0.95) (Table 2-4). The underestimation 

of BCS was also observed for the second assessment using the “median” profile (M = 

4.01, SD = 1.04) (Table 2-5) profile. A simple linear regression was calculated to 

determine differences between fecal NIRS/NUTBAL projected BCS and observed BCS. 

The “average” profile BCS projections had no correlation with observed BCS, R2 = 0.007 

and the Standard Error of the Estimate (SEE) = 0.978 (P > 0.1) (Figure 2-5).  Assessment 

1 projected BCS values within 0.5 a score 29% of the time and within 0.25 a score 18% 

of the time. Assessment 2, the “median” profile BCS projections were also shown to have 

no correlation to actual BCS with a R2 value of 0.014 (SEE = 1.067, P > 0.1) (Figure 2-

6). Assessment 2 also projected BCS values within 0.5 score points 29% of the time and 

within 0.25 score points 18% of the time. 
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Because the “median” profile best-described herd characteristics of cattle 

observed by researchers during field collections throughout the study, this profile was 

used in all further projections. Similar assessments as reported for the “median” profile 

were conducted for the “average” profile; however, the results showed no improvement 

and a decline in accuracy and were therefore not reported. This process illustrates the 

need for a calibration period when using fecal NIRS paired with NUTBAL to best 

describe the herd being monitored.   

Assessment 3  

Previous work conducted by Tolleson and Schafer (2014) included using the 

method of averaging ADG between two dates to evaluate the system. For example, the 

equation used to determine future weight became: body weight at date 1 + [(average 

projected kg/d (date 1, date 2)) x (number of days between date 1 and date 2)]. When 

compared to the non-adapted analysis this technique did not produce an improved 

correlation statistic, yet did project BCS closer to the observed values (M = 3.97, SD = 

1.08) (Table 2-6). Correlation between fecal NIRS/NUTBAL projected BCS and 

observed BCS was R2 = 0.007 (SEE = 1.109, P > 0.1) (Figure 2-7) and Assessment 3 

projected BCS values within 0.5 score points 41% of the time and within 0.25 score 

points 18% of the time.  

Assessment 4 

Some researchers have seen improved BCS projections when a MP NUTBAL 

report is used instead of CP (Lyons 2010; Tolleson and Schafer 2014). MP is the protein 

and amino acids which are absorbed and digested post-ruminally (Burroughs et al. 1975). 

Since MP is the protein that is directly available to cows, it may provide a better 
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estimation of diet quality utilized. Because of this, NUTBAL reports were determined as 

received from the GAN Lab as previously run, but using MP determined reports instead 

of CP reports. Correlation to actual BCS was still very weak and statistically insignificant 

(R2 = 0.005, SEE = 0.301, P > 0.1) (Figure 2-8).  However, results of this technique were 

closer to that of observed BCS (M = 4.93, SD = 0.29) (Table 2-7). Assessment 4 

projected BCS values within 0.5 score point 76% of the time and within 0.25 score points 

53% of the time.  

Assessment 5 

The fifth assessment of fecal NIRS/NUTBALs ability to project BCS included 

using the technique of averaging ADG between two dates in addition to basing 

projections off MP reports. Projected BCS using these techniques combined averaged 

4.92 and SD = 0.30 (Table 2-8). After combining these techniques and comparing 

projected BCS to observed BCS, there was little change in the correlation values (R2 = 

0.002, SEE = 0.309, P > 0.1) (Figure 2-9). Assessment 5 projected BCS values within 0.5 

score point 82% of the time and within 0.25 score points 59% of the time. 

Assessment 6 

During this study, the recorded temperature reached levels above 37.7 °C at 

several points in time and current temperature at the time of sample collections exceeded 

29.4 degrees Celsius (85 °F) during 11 of the 18 samples. In NUTBAL when the 

temperature is inputted above 85 °F, an equation for intake reduction is applied. Some 

researchers that receive underestimated BCS projections in warm climates have better 

results when the intake reduction equation is bypassed (Lyons 2010). This is easily 

achieved by capping temperature inputs to 85 °F in NUTBAL. This technique did 
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improve results (M = 4.93, SD = 0.30) (Table 2-9). When the temperature was adjusted in 

the NUTBAL projections using MP reports averaged between two sample dates, there 

was an improved correlation with observed BCS, albeit slight (R2 = 0.023, SEE = 0.314, 

P > 0.1) (Figure 2-9). Assessment 6 projected BCS values within 0.5 a score point 82% 

of the time and within 0.25 score points 59% of the time. 

DISCUSSION 

 The results of this study confirm previous findings that fecal NIRS paired with 

NUTBAL has limitations but may be a viable tool for monitoring cattle performance 

(Lyons and Machen 2007; Tolleson and Schafer 2014). While no statistically significant 

correlation was seen between observed BCS and projected BCS within any of the 

assessment, the use of this method correctly projected BCS within 0.5 BCS more than 

80% of the time and within 0.25 BCS more than 50% of the time within this study. 

Distinguishing a difference of less than 0.5 BCS is difficult and discrepancies between 

observed and predicted BCS of less than 0.5 is appropriate for use in a management 

setting (Lyons and Machen 2007). It is important to note though, for the success of this 

application, user inputs and software knowledge are crucial.  

 Attempts to illustrate the need for adjustments and user knowledge within 

NUTBAL for successful application were met in this study by testing multiple 

techniques. This system “straight out of the box” using rough herd attributes as done in 

Assessment 1 provided poor results and only projected BCS within a 0.5 BCS 29% of the 

time. Projected BCS values after multiple adjustments as conducted in Assessment 6 

averaged a difference of 0.06 from observed. However, if fecal NIRS used as given from 

the GAN Lab with no adjustments and using the same herd information as in Assessment 
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2, projected BCS had an average difference of 0.98 from observed BCS and on some 

instances over predicted BCS more than 3 points.  

Some researchers have noted the fecal:diet pairs used to develop GAN Lab 

calibration equations do not accurately describe diet quality in certain low-quality forages 

(Tolleson and Schafer 2014). From researcher experience, this threshold is thought to be 

around 6% CP and 57% DOM (Tolleson personal communication). The last four samples 

in this study were below 6% CP. While NUTBAL projected BCS relatively well using 

the given diet quality values, there was still some concern about the accuracy of these 

inputs. The Mahalanobis distance, or H values, are used to indicate how well samples 

match the NIRS calibrations. Values below 2.0 indicate a tight spread and similarity to 

values used in the development of calibration equations and values greater 3.0 should be 

reviewed with caution (Shenk and Westerhaus 1991). 

Standard protocol at the GAN Lab is that any H value between 1.0 and 8.0 is an 

accurate NIRS reading (Blackland Research & Extension Center 2017). All H values 

from this study were equal to or less than 3.0 excluding the last sample collected (Table 

2-10). Because forage quality in semi-arid rangelands is dependent on timing, duration, 

and amount of rainfall (Keba et al. 2013), accuracy should be monitored closely by those 

who use fecal NIRS in areas with unpredictable or limited rainfall. As mentioned 

previously, calibration equations have not been developed within Arizona. This 

highlights the need for future research in arid and semi-arid environments and further 

development of calibration equations. 

 As seen in Figure 2-11, intake was never a limiting factor in this study. Cattle 

were consuming on average, more than 2.0% of their body weight. This observation was 
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reaffirmed after attempting to improve intake calculations in NUTBAL as described in 

Assessment 6. There was little improvement seen between Assessment 5 and Assessment 

6 showing that intake was not affecting cattle diets. Diet quality, however, was a limiting 

factor of animal performance in this study. Within 17 sampling occasions, on five 

occasions energy was a limiting factor, and on 13 occasions, CP was limiting. The 

DOM/CP ratio averaged 10.62, which was much higher than the optimal value of 4.0. 

The smallest DOM/CP ratio seen in this study was 5.7 in early August 2016. While the 

minimum value observed in this study fell into the range common for warm-season 

grasses (5.0 – 6.0), DOM/CP ratio only did so on three occasions in this study. For 13 of 

the 18 samples collected in this study, DOM/CP ratios were greater than 7.0. Any ratio 

greater than 7.0 is seen in mature and dry grasses, indicating poor rumen efficiency and 

diet quality. Cattle in this study did not begin to express these diet limitations in BCS 

until after the grazing period in UA-C. 

At one point, following the grazing period in pasture UA-C, three factors were 

involved which affected daily gain and lowered the observed BCS. On the sampling date, 

September 29, 2016, BCS was reduced almost a full point. Due to the needs of another 

project on the SRER estimating utilization with unmanned aircraft, the grazing period in 

pasture UA-C was extended to 31 days. On the SRER, it is typical to graze summer 

pastures for ten days to reduce repeat defoliation during the growing period. This 

extended grazing period caused the utilization of pastures to be heavier (46%) than the 

average relative utilization observed in the study (20%). Secondly, the herd was at high 

milk demand while grazing in pasture UA-C following calving and at the time of 

sampling on September 29, 2016, had been lactating for roughly 40 days. Third, a decline 
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in diet quality occurred between two fecal samples, which were collected on day 8 and 

day 25 of grazing. CP on day 8 of grazing was 10.28% with a DOM value of 60.35%. On 

day 25 of grazing, CP had dropped to 7.37% while DOM value remained relatively the 

same (60.32%).  

Due to these factors, an expected drop in BCS was seen following the grazing 

period in UA-C. The additional study in UA-C gave us the opportunity to challenge the 

fecal NIRS/NUTBAL modeling of cattle performance. While the program had a visible 

lag time of approximately 2 to 3 weeks as a product of our sampling schedule, it was able 

to predict a decline in BCS due to current diet, environmental, and metabolic conditions 

collected at the time of sampling. It also accurately projected an increase following the 

next sample (10/11), albeit following a longer lag time (approximately a month and a 

half). Due to the lag, the projected BCS during this period would not be suitable for 

management purposes in a commercial herd as conducted during this study. However, 

there are possibilities of success during events similar to the extended grazing in UA-C if 

samples are collected more frequently in hopes of increasing precision.  

Some challenges were faced during this study. On four of the 18 sampling 

occasions, BCS were collected from fewer than 30 individual cows despite extensive 

sampling attempts (fecal composites always contained 15 individual collections). This 

was attributed to sampling occurring primarily at known water locations, to the large size 

of some of the pastures, and the inaccessibility of some areas within the pastures. For this 

reason, it is recommended that BCS and fecal sampling occur throughout multiple 

locations within the grazing area if possible. Other problems included times where 
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multiple factors were occurring at once, as seen in this study, creating a difficult scenario 

for the NUTBAL software to model. 

The objective of this research was to test the ability of fecal NIRS paired with 

NUTBAL to project future animal performance in southern Arizona. If a manager were to 

input fecal NIRS derived diet quality values into the NUTBAL software as given from 

the GAN Lab and project BCS values in a “straight out of the box” manner, results would 

vary greatly. Use of CP reports from NUTBAL to project future animal performance was 

not adequate on a management basis. In this study, to receive results appropriate for use 

in a management setting it was necessary to closely observe herd characteristics in order 

to create an accurate herd profile, use MP reports instead of the commonly used CP 

reports, and to average ADG between two sample dates.  

CONCLUSIONS 

  Three major findings resulted from this study. First, MP reports from NUTBAL 

are more suited for desert-adapted cattle in southern Arizona than CP reports. Secondly, 

user inputs into the model and accurately describing the cattle herd are necessary for 

success. Lastly, it is unlikely software users will receive adequate results if NUTBAL is 

used “straight out of the box” as given by the GAN Lab without some adjustments. In 

order to receive successful results in this study, multiple herd profiles were tested, the 

average daily gain was averaged between two dates, and MP reports were utilized instead 

of the standard CP reports.  

 Methods used in this research are meant to be replicable by cattle managers in 

multiple types of operations. Even so, many sampling techniques used in this study were 

developed for a small free-grazing commercial herd. If a producer is working with a 
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smaller herd, it may be beneficial to record individuals from which samples are collected 

to monitor diet quality and animal performance on a more precise level. If a producer is 

working with a larger herd, greater success may be seen when sampling efforts for cows 

include dividing the herd based on similar characteristics into separate profiles. Increased 

success may also be seen by collecting multiple fecal composites from different locations 

throughout the pasture. 

 This study confirmed the ability of fecal NIRS paired with NUTBAL to project 

future animal performance within 0.5 a BCS more than 80% of the time in cattle grazing 

on the SRER. Depending on management goals and needs, it may be beneficial to alter 

sampling techniques. Nonetheless, this study can be replicated in many locations and can 

be used by cattle managers interested in monitoring diet quality and future animal 

performance in commercial grazing herds. In conclusion, fecal NIRS paired with the 

nutritional balance analyzer NUTBAL may be used by ranchers in southern Arizona 

interested in monitoring diet quality and animal performance with appropriate 

adjustments. 
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CHAPTER 2 TABLES  

 

Table 2-1. – Pasture rotation and projected vs. actual grazing days and animal days per 

hectare (ADH). Projected values are calculated using 85 AU whereas actual values are 

calculated using 82 AU.  

 

Pasture  
Hectares Projected 

Grazing (d) 

Actual 

Grazing (d) 

Projected 

ADH 

Actual        

ADH 

UA-A 222 23 21 8.81 7.76 

UA-D 144 25 25 14.76 14.24 

UA-F 136 10 18 6.25 10.85 

UA-G 178 10 10 4.78 4.61 

UA-H 183 10 10 4.64 4.48 

UA-C 148 25 31 14.36 17.18 

UA-F 136 10 10 6.25 6.03 

1 316 36 36 9.68 9.34 

8 329 67 68 17.31 16.95 

11C 87 10 8 9.77 7.54 

4 271 55 52 17.25 15.73 

Ranger Station * 406 85 85 17.80 17.17 

 

 *Capable hectares 
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Table 2-2. – Average monthly precipitation across the Santa Rita Experimental Range 

 

Month Rainfall (cm) 

June 2016 4.88 

July 2016 10.62 

August 2016 8.69 

September 2016 7.04 

October 2016 0.56 

November 2016 0.41 

December 2016 3.25 

January 2017 3.15 

February 2017 0.56 

March 2017  0.41 

April 2017 0.18 

May 2017 0.05 

June 2017 0.08 

Total  39.85 
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Table 2-3. – Grass species recorded as grazed following the exit of cattle from each 

pasture  

 

 

 

Pasture  
Setaria 

macrostachya 

Digitaria 

californica 

Other Native 

Perennials  

Eragrostis 

spp.  

UA-A 8% 2% 11% 78% 

UA-D 12% 6% 22% 59% 

UA-F 19% 19% 5% 57% 

UA-G 14% 5% 9% 71% 

UA-H 0% 0% 4% 96% 

UA-C - 1 15% 28% 33% 25% 

UA-C - 2 22% 30% 28% 21% 

UA-F 17% 18% 4% 61% 

1 0% 20% 25% 55% 

8 19% 9% 10% 63% 

11C 20% 12% 15% 53% 

4 n/a n/a n/a n/a 

Ranger Station 1% 5% 13% 80% 

Average:  12% 13% 15% 60% 
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Table 2-4. – Observed BCS versus Assessment 1 Fecal NIRS/NUTBAL Projected BCS    

 

BCS - Assessment 1 

Date Observed  Projected Difference 

June 10, 2016 5.24 ± 0.15 NA NA 

June 24, 2016 5.13 ± 0.12 4.78 0.35 

July 13, 2016 5.11 ± 0.20 3.76 1.35 

July 31, 2016 5.23 ± 0.14 4.22 1.01 

August 8, 2016 5.10 ± 0.12 5.25 -0.15 

August 17, 2016 5.30 ± 0.10 5.05 0.25 

August 30, 2016 5.00 ± 0.12 5.30 -0.30 

September 16, 2016 5.23 ± 0.13 5.07 0.16 

September 29, 2016 4.27 ± 0.17 5.02 -0.75 

October 22, 2016 5.00 ± 0.11 4.34 0.66 

December 8, 2016 5.20 ± 0.13 2.91 2.29 

January 10, 2017 4.87 ± 0.13 3.21 1.66 

January 19, 2017 4.80 ± 0.14 4.25 0.55 

February 14, 2017 4.67 ± 0.12 3.51 1.16 

March 18, 2017 4.72 ± 0.16 3.14 1.58 

March 30, 2017 5.08 ± 0.17 3.82 1.26 

May 12, 2017 4.93 ± 0.14 2.01 2.92 

June 5, 2017 5.20 ± 0.13 3.45 1.75 

Mean ± SE 5.00 ± 0.06 4.06 ± 0.23 0.93 ± 0.23 
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Table 2-5. – Observed BCS versus Assessment 2 Fecal NIRS/NUTBAL Projected BCS    

 

BCS - Assessment 2 

Date Observed  Projected Difference 

June 10, 2016 5.24 ± 0.15 NA NA 

June 24, 2016 5.13 ± 0.12 5.07 0.06 

July 13, 2016 5.11 ± 0.20 4.00 1.11 

July 31, 2016 5.23 ± 0.14 4.29 0.94 

August 8, 2016 5.10 ± 0.12 5.27 -0.17 

August 17, 2016 5.30 ± 0.10 5.06 0.24 

August 30, 2016 5.00 ± 0.12 5.26 -0.26 

September 16, 2016 5.23 ± 0.13 5.07 0.16 

September 29, 2016 4.27 ± 0.17 4.89 -0.62 

October 22, 2016 5.00 ± 0.11 4.23 0.77 

December 8, 2016 5.20 ± 0.13 2.44 2.76 

January 10, 2017 4.87 ± 0.13 2.96 1.91 

January 19, 2017 4.80 ± 0.14 4.18 0.62 

February 14, 2017 4.67 ± 0.12 3.42 1.25 

March 18, 2017 4.72 ± 0.16 3.07 1.65 

March 30, 2017 5.08 ± 0.17 3.77 1.31 

May 12, 2017 4.93 ± 0.14 1.84 3.09 

June 5, 2017 5.20 ± 0.13 3.45 1.75 

Mean ± SE 5.00 ± 0.06 4.01 ± 0.25 0.98 ± 0.25 
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Table 2-6. – Observed BCS versus Assessment 3 Fecal NIRS/NUTBAL Projected BCS  

   

BCS - Assessment 3 

Date Observed  Projected Difference 

June 10, 2016 5.24 ± 0.15 NA NA 

June 24, 2016 5.13 ± 0.12 4.78 0.35 

July 13, 2016 5.11 ± 0.20 4.13 0.98 

July 31, 2016 5.23 ± 0.14 4.76 0.47 

August 8, 2016 5.10 ± 0.12 5.23 -0.13 

August 17, 2016 5.30 ± 0.10 5.07 0.23 

August 30, 2016 5.00 ± 0.12 5.28 -0.28 

September 16, 2016 5.23 ± 0.13 4.81 0.42 

September 29, 2016 4.27 ± 0.17 5.08 -0.81 

October 22, 2016 5.00 ± 0.11 3.60 1.40 

December 8, 2016 5.20 ± 0.13 2.03 3.17 

January 10, 2017 4.87 ± 0.13 2.87 2.00 

January 19, 2017 4.80 ± 0.14 4.31 0.49 

February 14, 2017 4.67 ± 0.12 3.45 1.22 

March 18, 2017 4.72 ± 0.16 2.65 2.07 

March 30, 2017 5.08 ± 0.17 3.78 1.30 

May 12, 2017 4.93 ± 0.14 2.18 2.75 

June 5, 2017 5.20 ± 0.13 3.40 1.80 

Mean ± SE 5.00 ± 0.06 3.97 ± 0.26 1.03 ± 0.26 
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Table 2-7. – Observed BCS versus Assessment 4 Fecal NIRS/NUTBAL Projected BCS    

 

BCS - Assessment 4 

Date Observed  Projected Difference 

June 10, 2016 5.24 ± 0.15 NA NA 

June 24, 2016 5.13 ± 0.12 5.31 -0.18 

July 13, 2016 5.11 ± 0.20 4.81 0.30 

July 31, 2016 5.23 ± 0.14 4.94 0.29 

August 8, 2016 5.10 ± 0.12 5.27 -0.17 

August 17, 2016 5.30 ± 0.10 5.06 0.24 

August 30, 2016 5.00 ± 0.12 5.26 -0.26 

September 16, 2016 5.23 ± 0.13 5.07 0.16 

September 29, 2016 4.27 ± 0.17 5.16 -0.89 

October 22, 2016 5.00 ± 0.11 4.26 0.74 

December 8, 2016 5.20 ± 0.13 4.49 0.71 

January 10, 2017 4.87 ± 0.13 5.17 -0.30 

January 19, 2017 4.80 ± 0.14 4.83 -0.03 

February 14, 2017 4.67 ± 0.12 4.89 -0.22 

March 18, 2017 4.72 ± 0.16 4.87 -0.15 

March 30, 2017 5.08 ± 0.17 4.54 0.54 

May 12, 2017 4.93 ± 0.14 4.85 0.08 

June 5, 2017 5.20 ± 0.13 5.08 0.12 

Mean ± SE 5.00 ± 0.06 4.93 ± 0.07 0.06 ± 0.10 
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Table 2-8. – Observed BCS versus Assessment 5 Fecal NIRS/NUTBAL Projected BCS    

 

BCS - Assessment 5 

Date Observed  Projected Difference 

June 10, 2016 5.24 ± 0.15 NA NA 

June 24, 2016 5.13 ± 0.12 5.20 -0.07 

July 13, 2016 5.11 ± 0.20 4.88 0.23 

July 31, 2016 5.23 ± 0.14 5.08 0.15 

August 8, 2016 5.10 ± 0.12 5.23 -0.13 

August 17, 2016 5.30 ± 0.10 5.07 0.23 

August 30, 2016 5.00 ± 0.12 5.28 -0.28 

September 16, 2016 5.23 ± 0.13 5.01 0.22 

September 29, 2016 4.27 ± 0.17 5.19 -0.92 

October 22, 2016 5.00 ± 0.11 4.12 0.88 

December 8, 2016 5.20 ± 0.13 4.66 0.54 

January 10, 2017 4.87 ± 0.13 5.14 -0.27 

January 19, 2017 4.80 ± 0.14 4.88 -0.08 

February 14, 2017 4.67 ± 0.12 4.92 -0.25 

March 18, 2017 4.72 ± 0.16 4.57 0.15 

March 30, 2017 5.08 ± 0.17 4.58 0.50 

May 12, 2017 4.93 ± 0.14 4.98 -0.05 

June 5, 2017 5.20 ± 0.13 4.85 0.35 

Mean ± SE 5.00 ± 0.06 4.92 ± 0.07 0.07 ± 0.10 
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Table 2-9. – Observed BCS versus Assessment 6 Fecal NIRS/NUTBAL Projected BCS    

 

BCS - Assessment 6  

Date Observed  Projected Difference 

June 10, 2016 5.24 ± 0.15 NA NA 

June 24, 2016 5.13 ± 0.12 5.20 -0.07 

July 13, 2016 5.11 ± 0.20 4.91 0.20 

July 31, 2016 5.23 ± 0.14 5.10 0.13 

August 8, 2016 5.10 ± 0.12 5.25 -0.15 

August 17, 2016 5.30 ± 0.10 5.09 0.21 

August 30, 2016 5.00 ± 0.12 5.30 -0.30 

September 16, 2016 5.23 ± 0.13 5.02 0.21 

September 29, 2016 4.27 ± 0.17 5.19 -0.92 

October 22, 2016 5.00 ± 0.11 4.12 0.88 

December 8, 2016 5.20 ± 0.13 4.66 0.54 

January 10, 2017 4.87 ± 0.13 5.14 -0.27 

January 19, 2017 4.80 ± 0.14 4.88 -0.08 

February 14, 2017 4.67 ± 0.12 4.92 -0.25 

March 18, 2017 4.72 ± 0.16 4.57 0.15 

March 30, 2017 5.08 ± 0.17 4.58 0.50 

May 12, 2017 4.93 ± 0.14 4.98 -0.05 

June 5, 2017 5.20 ± 0.13 4.87 0.33 

Mean ± SE 5.00 ± 0.06 4.93 ± 0.07 0.06 ± 0.10 
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Table 2-10. – Fecal NIRS predicted diet quality and associated H values   

 

Pasture CP DOM DOM:CP H Value 

UA-A 
6.01% 60.69% 10.1 1.6 

4.31% 58.25% 13.5 1.9 

UA-D 5.86% 58.95% 10.1 2.0 

UA-F 10.66% 62.86% 5.9 2.0 

UA-G 10.75% 61.28% 5.7 1.8 

UA-H 9.74% 61.68% 6.3 1.9 

UA-C 
10.28% 60.35% 5.9 1.9 

7.67% 60.32% 7.9 2.2 

UA-F 8.74% 59.89% 6.9 1.5 

1 6.06% 58.06% 9.6 1.9 

8 
4.70% 57.43% 12.1 1.7 

4.22% 57.68% 13.7 2.7 

11C 4.99% 58.79% 11.8 2.4 

4 
5.03% 59.37% 11.8 3.0 

4.00% 58.40% 14.6 2.9 

Ranger Station 

4.00% 61.20% 15.3 2.3 

4.00% 59.60% 14.9 1.9 

4.00% 60.00% 15 5.7 

Average  6.39% 59.71% 10.6 2.3 
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CHAPTER 2 FIGURES  

 

Figure 2-1. – Standing biomass collected in each pasture before the grazing period. Error 

bars = SE.  

 

 
 

Figure 2-2. – Observed relative utilization for perennial grass species collected in each 

pasture following the grazing period  
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Figure 2-3. – Fecal near infrared spectroscopy derived crude protein (CP) and digestible 

organic matter (DOM) 

 

 
 

Figure 2-4. – Fecal near infrared spectroscopy derived fecal nitrogen and fecal 

phosphorus values  
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Figure 2-5. – Observed BCS versus fecal near infrared spectroscopy and NUTBAL 

projected BCS for Assessment 1. SEE = standard error of the estimate 

 

 
 

Figure 2-6. – Observed BCS versus fecal near infrared spectroscopy and NUTBAL 

projected BCS for Assessment 2. SEE = standard error of the estimate 
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Figure 2-7. – Observed BCS versus fecal near infrared spectroscopy and NUTBAL 

projected BCS for Assessment 3. SEE = standard error of the estimate 

 

 
 

Figure 2-8. – Observed BCS versus fecal near infrared spectroscopy and NUTBAL 

projected BCS for Assessment 4. SEE = standard error of the estimate 
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Figure 2-9. – Observed BCS versus fecal near infrared spectroscopy and NUTBAL 

projected BCS for Assessment 5. SEE = standard error of the estimate 

 

 
 

Figure 2-10. – Observed BCS versus fecal near infrared spectroscopy and NUTBAL 

projected BCS for Assessment 6. SEE = standard error of the estimate 
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Figure 2-11. – Fecal near infrared spectroscopy derived daily forage intake estimates per 

animal unit  
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APPENDIX A 
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APPENDIX B 
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