Appendix B

THESIS
Angie Jinks

Analysis of the Use of the Texas A&M
Grazinglands Animal Nutrition
Laboratory Fecal Near Infrared

Reflectance Spectroscopy Prediction
Equation with California Annual
Rangeland Forages

2003



Analysis of the Use of the Texas A&M Grazinglands Animal
Nutrition Laboratory Fecal Near Infrared Reflectance Spectroscopy
Prediction Equation with California Annual Rangeland Forages
By

ANGELA DAWN JINKS
B.S. (Purdue University) 2001

THESIS
Submitted in partial satisfaction of the requirements for the degree of
MASTER OF SCIENCE
In
Animal Science
In the
OFFICE OF GRADUATE STUDIES
Of the
UNIVERSITY OF CALIFORNIA

DAVIS

Approved:

Committee in Charge

2003



il
Acknowledgements

To all who have helped on this project, and all who have supported me during the
last two years, thank you. I could not possibly name everyone who had a part in the
project, let alone all those who have stood by me on a personal level.

To my cooperating producers - thank you for sharing your time, knowledge and
resources. It was a pleasure working with each of you. Thank you to the farm advisors
and NRCS professionals who assisted with many different levels of this project — your
technical knowledge, enthusiasm, perseverance and friendship meant so much.

I want to thank the many students, undergraduate and graduate, that took the time
to help me throughout the project. It would have been impossible without your
manpower, humor, and support.

A special thanks to Dan Kominek and Dan Sehnert for their daily efforts with the
practical aspects of this project. Thank you for making a way when I couldn’t find one.

This project has been supported by several grant and companies. Funding for
sample analysis was provided by Cargill Animal Feeds, general project expenses were
covered by a SARE grant in conjunction with the California Association of Resource
Conservation Districts (CARCD), fecal NIRS was provided through the NRCS, and labor
was provided by the SFREC grant. Additional laboratory testing was provided by the
DANR Analytical Laboratory. I also sincerely thank everyone at the GAN Lab for their
cooperation throughout this project.

Lastly, I thank my patient committee — Dr.’s Jim Oltjen, Chris Calvert and Peter

Robinson for their devoted time, energy and support through this learning process.




il
Table of Contents

TREIR PURPE. « sacemns s s vens 535w 0956 A2 RuSES 535S HIUS S TR S S RESH §ORAETES § THASS TSRS SHAVSSEUSE S HRASEHTIINE i
Acknowledgements ii
Table of Contents iii
List of Tables vi
List of Figures viii

CHAPTER I: Use of Fecal Near Infrared Reflectance Spectroscopy with
California's Annual Rangeland System ........cccceeeiieieieieiiierierenceacenccncccnnes 1
Introduction 2
Near-Infrared Reflectance Spectroscopy w5
BacCKGroUNd .....c...ooiiiiiiiiiiiee ettt aaeeaeeeneeenaen 5
Methodology/TeChNOlOZY..........coveiuiiiiiiiieieeeee e e e 6
Equation DeVEIOPMENL .........ccoccieiiiiiieiiieeieieeieeeeeeeee ettt 9
Conclusion 11

CHAPTER II: Validation and Improvement of the Texas A&M Grazinglands

Animal Nutrition Laboratory Near Infrared Reflectance Spectroscopy Equation...12

AIIBUION . st 810 i sricn v e o A A K A A 4 SO ST 13
Introduction 14
Materials and Methods 16
SLE DESCTIPLIONS. ...ttt ettt e e e et e e e ee e e et e e e e e eee e e eeeeeaeeeaeeeees 16
Petaluma......cc.ooiiiiiiieeeee et e e e en 16
SEREC ..csnvasues smommersnsnssnsns summens smasasansss swsasssssnss sutansnssss sranss yusssnssnas sasas swwas yansas suvsssens 17
BEEEVEEE, PICTDEIL. 1nciucs comas s icmacsicmns 30t st i smpmesssee s o s s A S 17



v

Digestibility Trial ProtOCOL......c.c.ovououiiiiiieeeieeeeeeeeeeeeeeeee e, 18
StAtiStICAl ANALYSIS .....coueeeeeeeeieiieeieeceeeeeeetee ettt e e e e e e s e 19
Equation COmPIIAtION........c.c.eiiiieieireici ettt en s 20
Results and Discussion 20
Crude PrOfeIn ..........oouiiiiiiiiiicte ettt 20
Digestible Organic Matter .............c.ecveeeuiueiieieeeeeeeeeceeceeeeeaeeee e, 21
Implications 22

CHAPTER III: Demonstration of the Effect of Addition of California Data to the

Texas A&M Grazinglands Animal Nutrition Laboratory Near Infrared Reflectance

Spectroscopy Equation at Five California Rangeland Sites........cccccceevveenennnnnn.. 32
ADBUIRIL s evncsswnmemvensevesvanes soows snps s sues enonsnsves suss s 66 58S SRS FSUSELISEEH 50N ESEAS0ITRI 33
Introduction 35
Materials and Methods 37
StatiStiCal ADALYSIS ......cooiviiieiiiiieeiieeie ettt ettt ettt ettt enaeeers s enneenes 38
STE AESCTIPLIOIIS: ..ottt ettt et et e et eae et e s e e sesaeeseeaeese e s eesassseneennas 38
Sierra Foothills Research and Extension Center (SFREC)............ccccceeeveenvenenne.. 38

TR IR e v o T S 0 A N S T W o A S S 39
IVEBIBIN o003 000 i s s S YGRS R RS E 39
WD i 5t oo s e R R RO 39
Lake BEeITYESSA ......coovveeeeiieiieeiieeeieeeeecie e, ettt e e e e e e 39
Results and Discussion 40
FOTage PrOAUCHION .........cooiuiiiiiiiiiieeieecteeie ettt sae et e ae e st esaseesaennnans 40
Species COMPOSIEION .....c..ceiirieiiiieieeieieieieeteetee e e ste s ssesae s essesseeseeaseessessenseessenns 40



v
Laboratory ADALYSIS ..........ccueeueirieieiiiieiieiieieiei ettt 42
Near Infrared Reflectance SPECtTOSCOPY .....ceevveeruiiriuieiiiiiiiiiiiiieeie et 43

DT TP I ENE, .m0 .85 N A A NESAR VEMBAYS 43
Digestible Organic MBILEE. .......comsrmsstmmimins vissssssonsssssnss sausss sossssmensemnammmeassssess 44

Implications 44

General ConCIUSIONS. .....ccceveiieieiieierieiereciecetsarresesenccssensescscosonsessssssesasene 59

Literature Cited........c.ccccueece.. gt e s Mg i o s e i B R 62




vi
List of Tables
Table 2.1: Species composition of Petaluma and SFREC rangeland sites. ...................... 24
Table 2.2: Laboratory CP and in vivo DOM values for Petaluma and SFREC digestibility
1AL FOTAZES. ....oeeieeieeeie ettt ettt eabe e e e e be e easa e saeeesesnnaensaenssennns 25
Table 2.3: Means of DOM and CP predictions by the original and improved equations. 26
Table 2.4: LS means of DOM and CP error (predicted - laboratory/determined)
predictions by the original and improved equations at Petaluma and SFREC. ........ 27
Table 3.1: Dry matter forage production at five California rangeland sites..................... 45
Table 3.2: Species composition at 5 California rangelands Sites............c..coceeceereercenennne. 46
Table 3.3: Mean laboratory values of hand clipped samples by forage season at five
California rangeland SIES...........cccoeieeiieriinieiiireeecetceie ettt 47
Table3.4: LS means of prediction differences (original equation - improved equation) by
season for CP and DOM at five California rangeland Sites..............coccceveevueneennnen. 48
Table 3.5: Comparison and significance of LS means of prediction differences (original

equation - improved equation) for CP and DOM at Eureka and Valley-Foothill sites.

.............................................................................................................................. 49
Appendix Table A: Forage Production at SFREC and Petaluma Rangeland Sites. ......... 54
Appendix Table A: Forage Production at SFREC and Petaluma Rangeland Sites. ......... b

Appendix Table B: Laboratory values (%DM) for hand sampled rangeland forages at 5
CalifOITIA SIEES........eciuieeiieeiieeiieeieeei et eet e e eee et e e e e aeeebesess s e sasssaaeseanssesasennnaas 56
Appendix Table C.1: NIRS predictions of CP (% DM) and DOM (% DM) by original and

improved GAN Lab equations for Eureka rangeland forages.................................. 57




W

vii
Appendix Table C.2: NIRS predictions of CP (%DM) and DOM (%DM) by original
and improved GAN Lab equations for valley and foothill sites during dry season. .57
Appendix Table C.3: NIRS predictions of CP (%DM) and DOM (%DM) by original and

improved GAN Lab equations for valley and foothill sites during green season. ....58




viii
List of Figures
Figure 2.1: Predictions of CP with standard error at the Petaluma rangeland site. .......... 28
Figure 2.2: Predictions of CP with standard error at the SFREC rangeland site. ............. 28

Figure 2.3: Predictions of DOM with standard error at the Petaluma rangeland site. ......29
Figure 2.4: Predictions of DOM with standard error at the SFREC rangeland site.......... 29
Figure 2.5: Differences between original and improved predictions and laboratory CP
content for samples from the Petaluma rangeland site. .................ccccoocveuerueenennenee... 30
Figure 2.6: Differences between original and improved predictions and laboratory CP
content for samples from the SFREC rangeland site................ccccccoovevevecueennennnne.. 30
Figure 2.7: Differences between original and improved predictions and laboratory DOM
content for samples from the Petaluma rangeland site. ................c.ccoeveereineecneennnnee. 31
Figure 2.8: Differences between original and improved predictions and laboratory DOM
content for samples from the SFREC rangeland site.................cccoeeeveenveeenieecnennne. 31
Figure 3.1: Comparisons of predictions of CP content of rangeland forage at Eureka
TANGEIANA STEC........eoviiiiiieeeieeiee e et e e e st e et s eense e e aaeeennean 50
Figure 3.2: Comparisons of predictions of CP content of rangeland forage at the Madera
TANGEIANA STEE.......eouiiiiiieiieie ettt ettt e et e et be st e e e s e sae s e e seenes 50
Figure 3.3: Comparisons of predictions of CP content of rangeland forage at the Lake
Berryessa rangeland SILE............ccoooueieiiiiienieeeeeeee et 51
Figure 3.4: Comparisons of predictions of CP content of rangeland forage at the SFREC
TANEEIANA SIEE......c..eiiiiiiiciieiie ettt et e e s e te s e e teeas e sae e e e asesseennaennaens 51
Figure 3.5: Comparisons of predictions of CP content of rangeland forage at the Yolo

TANGEIANA STEE. ......ooiiiieiiiiieee ettt e e e e e a e et e e eteeeeaaeeennas 52




ix
Figure 3.6: Comparisons of predictions of DOM of rangeland forages at the Eureka
TANEEIANA SIEE. ......oeiiieiiieeieeeeee ettt e 52
Figure 3.7: Comparisons of predictions of DOM of rangeland forages at the Madera
TANEEIANA SIEE. ....cc.eiiiiiiiiiieiie ittt ettt ens 53
Figure 3.8: Comparisons of predictions of DOM of rangeland forages at the Lake
Berryessa rangeland SILE..............ooveiirieiieeieeiieieeee ettt 53
Figure 3.9: Comparisons of predictions of DOM of rangeland forages at the SFREC
TANGEIANA SIEE. .....eouiieiiiiieeiiiieie ettt ettt e eae et eenaeenne s 54
Figure 3.10: Comparisons of predictions of DOM of rangeland forages at the Yolo
TANGEIANA SITE. ..ottt ettt ennes 54



Chapter I

Use of Fecal Near-Infrared Reflectance Spectroscopy
with California’s Annual Rangeland System

Jinks, A.D.,* J.W. Oltjen, *P.H. Robinson, *C.C. Calvert

*DePartment of Animal Sciences, University of California, Davis 95616



Introduction

California rangelands cover approximately 62 million acres. About 20 million of
these acres are held privately, with approximately 40 million total acres of public and
private grazing land (FRRAP, 1988). Although a significant portion of the state is
rangeland, relatively little is known about California’s rangeland system. The state has a
unique rangeland, composed mostly of non-native annual species which germinate with
fall rains (Hart et al., 1932d; Pitt and Heady, 1978). The predominance of annual species,
along with a Mediterranean climate, makes research and knowledge from other systems
difficult to apply in California.

In contrast to most of the United States, California receives most of its rainfall
during the late fall and winter. Fall rains and warm temperatures initiate germination and
development of annual grasses, which slows with cooling temperatures. Warmer spring
temperatures accelerate growth, but when the rainy season ends in the spring, the annual
grasses characterizing much of the state’s rangelands mature and senesce (George et al.,

1985b; Young et al., 1973). The summer dry season, which varies in length and timing, is
of special interest to ruminant livestock producers and scientists, because inherent in the
process of senescence is an increase in the fiber content of the forage leading to an
increase in its bulk, which contributes to rumen fill and a decrease in energy intake.
There is a further decrease in the nutritional value of these forages due to shatter and
bleaching. Of particular concern for many cattle producers is the loss of crude protein
(CP), which is necessary for growth, lactation and gestation in grazing cattle (George et

al., 2001b). Supplementation with higher nutrient density forages, grains and/or minerals

is often needed to maintain acceptable animal production levels.
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