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ABSTRACT

ESTABLISHMENT AND MAINTENANCE OF LEGUMINOUS LIVING MULCHES

FOR IRRIGATED SYSTEMS IN THE SEMI-ARID WEST

Management strategies for the establishment and maintenance of perennial
leguminous living mulches were tested at irrigated sites in Colorado. lhhghes
have been successfully integrated into cdea fnays) cropping systems in the upper
Midwest of the United States. These studies focused on adapting the practigatti
environments in the semi-arid West through mulch and cash crop species selection and
determination of appropriate suppression regimes. Different mulch/annual crop
combinations were tested in both the establishment year and with previouslglesth
perennial legume stands. Spring herbicide regimes were tested on living maifches
potential mulch species were screened for recovery from glyphdsate [
(phosphonomethyl)glycine] application.

The goal of the first study was to determine whether birdsfoot tréfailg
corniculatus), white clover Trifoliumrepens), and a mix of white clover, red clover
(Trifolium pratense), and kura cloverT{ifolium ambiguum) could be co-established with
corn and oatsAvena sativa) for use as living mulches. Legumes were seeded with
annual crops at two irrigated siteglulch crops did not have any effect on annual crop
yield or quality. Yields of legumes established with corn averaged 276%ig saring

of the following year while legumes established with oats cut at the boot amtbsgft



stages yielded 951 and 611 kg'heespectively. Among legume treatments, the clover
mix yielded the highest, averaging 869 kg l@ross annual crops followed by birdsfoot
trefoil and white clover at 542 and 427 kg'heespectively.

The second study tested different living mulch and annual crops for performance
and compatibility. Corn and soybea®@ycine max) were planted into established
legume stands. Fertility treatments of 0, 84, 168, and 225 kgitragen (N) were also
applied to corn without a living mulch and used to generate N response curves to quantify
N inputs of living mulches, which received only 84 kg N‘haegume N contributions
of living mulch treatments were 69, 46, 45, 32, and 23 Kgfitwaalfalfa (Medicago
sativa), white clover, birdsfoot trefoil, red clover, and a mix of birdsfoot trefoil/red
clover, respectively, in corn silage. In corn grain, N contributions of legunmengrts
were 52, 43, 23, 20, and 18 kg'tfar white clover, alfalfa, birdsfoot trefoil/red clover
mix, birdsfoot trefoil, and red clover, respectively. Soybean yields did ruinds
positively or negatively to the presence of living mulches. Birdsfoot treéailthe
greatest fall yield at 282 kg fa

The goal of the third study was to determine whether previously established
birdsfoot trefoil, white clover, and a mix of white clover, red clover, and kura clover
could be suppressed with paraquat (1,1'-dimethyl-4,4'-bipyridylium-dichlcartk)
glyphosate for use as living mulches in corn. Preplant treatments includaqiigizat
0.7 kg a.i. h& and glyphosate at 1.0, 1.5, and 2.0 kg a.é. i#dl of these were followed
by a mid-season application of glyphosate at 1.0 kg a’e. @arn grain and legume
yields were recorded in the fall. Legume by suppression treatment fittesa@ccurred

for both of these factors at the sprinkler irrigated site. At the furnogated site, corn



grain yields with birdsfoot trefoil averaged 11.2 Mg‘hevhich was greater than with
white clover and the clover mix that yielded 10.1 and 10.0 My tespectively. Fall
legume biomass vyields of birdsfoot trefoil, white clover, and the clover mig ¥ir343,
and 320 kg h, respectively. Suppression treatment did not have any effect on grain
yield or legume biomass. Even modest recovery of the clovers during the growing
season resulted in some corn yield reduction.
The fourth study evaluated persistence of legumes after glyphosate tampliga
measuring biomass relative to an untreated control. Field tests included ht&slos,
2.0, and 2.5 kg a.e. fiawhile trials of potted plants started in the greenhouse lacked the
2.5 kg a.e. Harate. White clover had the greatest recovery relative to the control in the
field trial, with no glyphosate rate effect by sixteen weeks aftercgin. Alfalfa and
birdsfoot trefoil consistently recovered less than red and white clovers. pottkd
plant trial, above ground biomass of kura clover, white clover, birdsfoot trefoil, red
clover, and alfalfa averaged 19, 7, 5, 2, and 1% of the control, respectively across rates.
Preliminary results suggest that living mulch cropping systems may be a viable
alternative under irrigation for producers in the western US. Mulch crops can be
successfully co-established with corn or oats. White clover shows potentialiag a
mulch due to its positive effects on corn grain and silage yields when &elgqua
suppressed. It also has high glyphosate tolerance. Leguminous living multhes ca
reduce nitrogen fertilizer needs, but adequately suppressing the mulch tozeiamual

crop Yyield losses while maintaining the perennial legume stand remaindkeagba



ACKNOWLEDGEMENTS

| would like to offer my sincere gratitude to my advisor, Dr. Joe Brummer for his
constant encouragement and guidance throughout my time at CSU. Aside frarg helpi
me through the technical aspects of my project and writing, he has inspiredmineswit
passion for conducting meaningful research that has real impacts on agriantiuhe
environment. | also want to thank my committee members, Calvin PearsohiaNsén,
and Scott Nissen. Each offered their unique perspectives and expertise, \whezh pr
invaluable to both designing my studies and understanding how to look at the many
components of agricultural systems. Thanks are due to the staff at the tgaicul
Research, Development, and Education Center (ARDEC) in Fort Collins and siheriVe
Colorado Research Center (WCRC) in Fruita. This research would not have been
possible without their help in planting, maintaining, and harvesting the stedy slitalso
owe gratitude to my fellow graduate student, Matt Booher for his helpfutadwnd
direction, which he offered willingly from our first meeting through the gleton of my
thesis. Thanks to Kory Nickell and Dustin Brown for the hours they spent collectihg
processing plant samples and never failing to maintain a lively conversé&iiwaly, |
would like to thank my wife, Erika for her tireless love, support, and encouragement,

without which | would not have been up to the task of graduate school.



TABLE OF CONTENTS

PAGE

CHAPTER 1: CO-ESTABLISHMENT OF LEGUMINOUS LIVING MULCHE WITH

ANNUAL CROPS ... e et e e e e e e e 1
SUMM A RYY e 1
INTRODUGCTION ... e e e e 3
MATERIALS AND METHODS ... 6
RESULTS AND DISCUSSION ....ooiiiiiiiiiiii e 16
CONGCLUSION ..ttt e ettt e e e st e e e e e e e e e e e e eennnnrnnanes 26
LITERATURE CITED ..ottt e e e e 27

CHAPTER 2: CORN AND SOYBEAN PRODUCTION IN A LEGUMINOUS YING

MULCH SYSTEM e 29
SUMM AR e 29
INTRODUGCTION ... e e e e e e e e e e e eennnnnnee 31
MATERIALS AND METHODS ... 34
RESULTS AND DISCUSSION ....ooiiiiiiiiiiiiii e 43
CONGCLUSION ...ttt e e e s s s s e e e eesarraaees 56
LITERATURE CITED ..ot 57

CHAPTER 3: CHEMICAL SUPPRESSION OF ESTABLISHED LEGUMING

LIVING MULCHES. ... e 60
SUMMARY e 60
INTRODUGCTION .....uiiiiiii e 62
MATERIALS AND METHODS ... 66
RESULTS AND DISCUSSION ....ooiiiiiiiiiiiii e 73
CONGCLUSION ...ttt e e e s s s e e e easarraaees 82
LITERATURE CITED ..o 83



TABLE OF CONTENTS (CONTINUED)

PAGE

CHAPTER 4: RECOVERY OF POTENTIAL LEGUMINOUS LIVING MULCHS

AFTER SPRING GLYPHOSATE APPLICATION ......cutiiiiiiiiiecce 85
SUMMARY e 85
INTRODUGCTION ....cuiiiiiii e 87
MATERIALS AND METHODS ... 90
RESULTS AND DISCUSSION ....cciiiiiiiiiiiiiii e 98
CONCLUSION ...ttt e e e r e e s 106
LITERATURE CITED ...ccoiiiiiiii s 107

APPENDIX A-1: CO-ESTABLISHMENT OF LEGUMINOUS LIVING MUCHES

WITH ANNUAL CROPS-FIELD MAPS .....ooi e 109

APPENDIX A-2: CO-ESTABLISHMENT OF LEGUMINOUS LIVING MULEGIES

WITH ANNUAL CROPS-ANALYSIS OF VARIANCE TABLES.......ccccooiiii 112

APPENDIX B-1: CORN AND SOYBEAN PRODUCTION IN A LEGUMINOUS

LIVING MULCH SYSTEM-FIELD MAPS .......oooiii 117

APPENDIX B-2: CORN AND SOYBEAN PRODUCTION IN A LEGUMINOUS

LIVING MULCH SYSTEM-ANALYSIS OF VARIANCE TABLES............cccevvvinne 119

APPENDIX C-1: CHEMICAL SUPPRESSION OF ESTABLISHED LEGUMINUS

LIVING MULCHES-FIELD MAPS ... 123

APPENDIX C-2: CHEMICAL SUPPRESSION OF ESTABLISHED LEGUNDUS

LIVING MULCHES-ANALYSIS OF VARIANCE TABLES...........iiiiiiiiee 126

APPENDIX D-1: RECOVERY OF POTENTIAL LEGUMINOUS LIVING MUCHES

AFTER SPRING GLYPHOSATE APPLICATION-FIELD MAP ...t 130

APPENDIX D-2: RECOVERY OF POTENTIAL LEGUMINOUS LIVING MUCHES
AFTER SPRING GLYPHOSATE APPLICATION-ANALYSIS OF VARIANE
TABLES .. e a e 132

APPENDIX D-3: RECOVERY OF POTENTIAL LEGUMINOUS LIVING MUCHES
AFTER SPRING GLYPHOSATE APPLICATION-VISUAL EVALUATIONSOF

HERBICIDE TREATMENTS ... . 135
APPENDIX D-4: RECOVERY OF POTENTIAL LEGUMINOUS LIVING MUCHES
AFTER SPRING GLYPHOSATE APPLICATION-LINEAR REGRESSIGN......... 142

Vii



TABLE

1.1.
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.
1.8.

1.9.

1.10.
1.11.
1.12.

1.13.

2.1.
2.2.

2.3.
2.4.
2.5.
2.6.

2.7.
2.8.

LIST OF TABLES

PAGE
Species, varieties, and seeding rates of legumes used in co-establishdiest st
at sprinkler and furrow irrigated Sites in 2009 ..........ccooiiiiiiiiiiiiiiiiiii e 7
Sprinkler irrigated site: irrigation timing and quantity in 2009............ccccceeeeennn.. 8
Furrow irrigated site: irrigation timing and duration in 2009.............c.cccevvveees 11
Rating scale for visual evaluation of legume establishment at sprinéler a
furrow irrigated sites in SPring 2010 .........ooovviiiiiiiiieree e 14
Sprinkler irrigated site: effect of living mulches on yield and qualigadiy-cut
oat hay (harvested at boot stage) in 2009...........uuuuuiiiiiiiiiie e 16
Sprinkler irrigated site: effect of living mulches on yield and quafitate-cut
oat hay harvested at soft dough stage) in 2009 ... 17
Liner site: effect of living mulches on yield and quality of corn silage
2009ttt et e e e e e e e e e e et b ittt r ittt e e e aaaeas 17
Sprinkler irrigated site: establishment ratings of living mulches in spéih@
............................................................................................................................ 21
Sprinkler irrigated site: legume biomass of living mulches in spring 2010 ...... 21
Sprinkler irrigated site: vole damage to living mulches in spring 2010 ............ 22
Sprinkler irrigated site: weed biomass of living mulches in spring 2010.......... 23
Furrow irrigated site: effect of living mulches on yield and quality ohaga
(harvested at soft dough stage) in 2009 ..........ooeiiiiiiiiiiiii e 24
Furrow irrigated site: establishment ratings, legume biomass, and weeddi
of living mulches in spring 2010 .........cooviiiiiiiiiie e s 25
Living mulch/fertility treatments tested at Fruita, CO in 2009..............cccceeeee 35
Rating scale for visual evaluation of legume stands at Fruita, CO in 2p@ifig
............................................................................................................................ 35
Varieties, planting dates, and seeding rates of annual crops testathatCe)
I 2009 ..ttt e et e e e e e e e e e e aa s 37
Rating scale for visual evaluation of legume mortality at Fruita, COimgspr
12 0 O PP PP PPPPPRPR 41
Effect of living mulches on ammonium (WM Nitrate (NQ), and soil organic
matter (SOM) levels from 0 to 91 cm at Fruita, CO in spring 2009.................. 43
Stand ratings for living mulches at Fruita, CO in spring 2009 ........ccccoeeeeeeeennn. 46
Yield and quality of living mulches at Fruita, CO in spring 2009..................... 47
Effect of living mulch/fertility treatments on yield and quality ofnceitage at
Fruita, CO iN 2009 ......cooiiiiiiiiiiec et 49



TABLE
2.9.

2.10.
2.11.

2.12.
3.1

3.2.

3.3.
3.4.
3.5.
3.6.

3.7.
3.8.
3.9.
3.10.
3.11.
3.12.
3.13.
3.14.
3.15.
3.16.
4.1.

4.2.
4.3.
4.4.
4.5.

4.6.

LIST OF TABLES (CONTINUED)

PAGE
Effect of living mulch/fertility treatments on corn grain yield and cesdue at
Fruita, CO infall 2009 ..o 51
Legume biomass after corn grain harvest at Fruita, CO in fall 2009................. 52
Nitrogen fertilizer equivalencies of living mulch treatments at Fi@Q{ain
2009 based on yield response to N fertilization..............cccoevvveiiiiicciciiin e, 53
Legume mortality ratings at Fruita, CO in spring 2010...........cccovvvvvviiiinninnnnnnnn. 55
Species, varieties, and seeding rates of legumes used in suppression study at
sprinkler and furrow irrigated sites in 2010 ..........coovvviiiiiiiiiiiiiee e, 67
Suppression treatments applied to living mulch plots at sprinkler and furrow
irrigated Sites iN SPriNg 2010 .......cooiiiiiiiiiiiiire e 67
Sprinkler irrigated site: irrigation timing and quantity in 2010 ......................... 69
Furrow irrigated site: irrigation timing and duration in 2010............c.ccccceeeeeennnn. 70

Sprinkler irrigated site: effect of living mulches on corn grain yiel@)10 . 73
Sprinkler irrigated site: effect of living mulches on total corn residiali

120 O PRSP 74
Sprinkler irrigated site: effect of living mulches on corn leaf residéadli2010

Sprinkler irrigated site: effect of living mulches on corn stem residiad |

120 O TP PP PPPPPRPPP 75
Sprinkler irrigated site: legume biomass after corn grain harvest 2014ll.. 76
Sprinkler irrigated site: weed biomass after corn grain harvest 2014l ..... 77
Furrow irrigated site: effect of living mulches on corn grain yiel@910 .... 78
Furrow irrigated site: effect of living mulches on total corn residuwsliaG10

............................................................................................................................ 78
Furrow irrigated site: effect of living mulches on corn stem residadl 20f10
............................................................................................................................ 78
Furrow irrigated site: effect of living mulches on corn leaf residwalig@G10
............................................................................................................................ 79
Furrow irrigated site: legume biomass after corn grain harvest in fall. 2019
Furrow irrigated site: weed biomass after corn grain harvest in fall.2010'9
Legume species and varieties used in the potted plant and field studies and
seeding rates used in the field Study ... 90
Field study: irrigation timing and quantity in 2009 and 2010 ..............ccccevvueeee 92
Pot study: actions taken and days after planting.............oooouviiiiiiiiiii e, 95
Field study: above-ground legume biomass eight weeks after herbicide
application in SPring 2010........uuuuuiiiieiee e e e e e e e e a e 99
Field study: above-ground legume biomass sixteen weeks after herbicide
application iN SPring 2010......ccooo i 100
Field study: above-ground weed biomass sixteen weeks after herbicide
application iN SPring 2010.......cooeiiiiieeeee e 103



LIST OF TABLES (CONTINUED)

TABLE PAGE
4.7. Pot study: above-ground legume biomass eight weeks after herbicide

application in SPring 2010........ccooiiiiiieeeeecr e 104
4.8. Pot study: legume root/crown biomass eight weeks after herbicide applica

SPIHNG 2010 ..o e e e 104
A-2.1. Analysis of variance for dry matter yield of early-cut oatdtatyre sprinkler

irrigated Site iN 2009 .......oouiiiiiiiiii e 113
A-2.2. Analysis of variance for NDF of early-cut oat hay at the sprimklgated site

N 2009 ..ottt ea e e e e e e e e e e e e e 113
A-2.3. Analysis of variance for ADF of early-cut oat hay at the sprinkigated site

N 2009 ..ttt et e e e e e e e e e e e e 113
A-2.4. Analysis of variance for CP of early-cut oat hay at the spriikigated site in

2009 . e e e e e e ettt rtaaaaaaaaaaaaas 113
A-2.5. Analysis of variance for contribution of weeds to total yield dfeart oat hay

at the sprinkler irrigated site in 2009: square root transformed ........................ 113
A-2.6. Analysis of variance for dry matter yield of late-cut oat hdlgeasprinkler

irrigated Site IN 2009 ........uuiiiiiiee e ——————————— 113
A-2.7. Analysis of variance for NDF of late-cut oat hay at the sprimklgated site in

2009t e e e e e e e e ettt — it ittt e e e e aaaeaaas 113
A-2.8. Analysis of variance for ADF of late-cut oat hay at the spriniigated site in

20009ttt e e e e e e e ettt — ittt r et aaaaaaaaaas 113
A-2.9. Analysis of variance for CP of late-cut oat hay at the sprinkigated site in

1200 PP 113
A-2.10. Analysis of variance for contribution of weeds to total yield ofdateat hay

at the sprinkler irrigated site in 2009: square root transformed ........................ 114
A-2.11. Analysis of variance for dry matter yield of corn silagéeaisprinkler irrigated

site in

72200 PR 114
A-2.12. Analysis of variance for NDF of corn silage at the sprinkigyaited site in

2009t e e e e e e e e e ettt ittt e e e e e e e e e s 114
A-2.13. Analysis of variance for ADF of corn silage at the sprinkiggated site in

20009ttt e e e e e e e ettt ittt it e e e e e e e e s 114
A-2.14. Analysis of variance for CP of corn silage at the sprinkler feagsite in 2009

........................................................................................................................... 114
A-2.15. Analysis of variance for contribution of weeds to total yield of ctagesat the

sprinkler irrigated Site iN 2009 .........ooiiiiiii s 114
A-2.16. Analysis of variance for contribution of legumes to total yield of corn siiage

the sprinkler irrigated site IN 2009 ..........ouuuiiiiiiiii 114
A-2.17. Analysis of variance for legume establishment ratings at sgrinkfated site

LT o 1T 22 0 1 O 114
A-2.18. Analysis of variance for spring legume biomass at sprinkigated site in

spring of 2010: square root transformed...............vviiiiiiii i 115

X



TABLE

A-2.19.

A-2.20.

A-2.21.

A-2.22.
A-2.23.
A-2.24.
A-2.25.

A-2.26.
A-2.27.
A-2.28.
B-2.1.
B-2.2.
B-2.3.
B-2.4.
B-2.5.
B-2.6.
B-2.7.
B-2.8.
B-2.9.
B-2.10.
B-2.11.
B-2.12.
B-2.13.
B-2.14.
B-2.15.

B-2.16.

LIST OF TABLES (CONTINUED)

PAGE
Analysis of variance for vole damage at sprinkler irrigatedrsspring 2010:
square root tranSfOrMEM .........ooeviiiiiiieie e e e e e e e e 115
Analysis of variance for weed biomass at sprinkler irrigatednsgipring 2010:
square root tranSTOrMEM .........oooiiiiiiiiiii e 115
Analysis of variance for dry matter yield of oats at the furrogated site in
1200 PP 115

Analysis of variance for NDF of oats at the furrow irrigateslisi2009 ....... 115
Analysis of variance for ADF of oats at the furrow irrigatéslisi 2009 ....... 115
Analysis of variance for CP of oats at the furrow irrigated site in 2009..115
Analysis of variance for contribution of weeds to total yield of atattse

furrow irrigated Site iN 2009 ........ccooeiiiiiiee e ————— 115
Analysis of variance for legume establishment ratings awurrigated site in
5] 0117 22 0 O R 116
Analysis of variance for legume biomass at furrow irrigatedrsgpring 2010
........................................................................................................................... 116
Analysis of variance for weed biomass at furrow irrigatedrsgpring 2010
.......................................................................................................................... 116
Analysis of variance for soil NHconcentrations from 0 to 91 ¢cm at Fruita, CO

T IR o T P22 00 S PPRRRN 120
Analysis of variance for soil NGOconcentrations from 0 to 91 cm at Fruita, CO

T RS o £ T P22 00 S PPRRRR 120
Analysis of variance for SOM concentrations from 0 to 91 cm at Frtan C
SPIHNG 2009 ..o 120
Analysis of variance for living mulch stand ratings at Fruita, C@ring

2009 ..ttt ittt e e e e e e aeaas 120

Analysis of variance for living mulch biomass at Fruita, CO in spring 2029
Analysis of variance for living mulch NDF at Fruita, CO in spring 2009 ....... 121
Analysis of variance for living mulch ADF at Fruita, CO in spring 2009 ....... 121

Analysis of variance for living mulch CP at Fruita, CO in spring 2009........... 121
Analysis of variance for soybean yields at Fruita, CO in 2009...............cc....... 121
Analysis of variance for corn silage yields at Fruita, CO in.2009........... 121
Analysis of variance for corn silage NDF at Fruita, CO in 2009 ............ccc...... 121
Analysis of variance for corn silage ADF at Fruita, CO in 2009 ..................... 121
Analysis of variance for corn silage CP at Fruita, CO in 2009 ...........cccceeenn... 121
Analysis of variance for corn grain yields at Fruita, CO in 2009:

TrANSTOIMEA ... e e e e e e e e eees 121
Analysis of variance for corn grain leaf residue at Fruita,nGalli2009:

square root tranSfOrMEd ..........cooo i i 122
Analysis of variance for stem residue after corn grain hatw€stita, CO in

FAUL 2009 ...t 122



TABLE

B-2.17.

B-2.18.

B-2.19.

B-2.20.

C-2.1.

C-2.2.

C-2.3.

C-2.4.

C-2.5.

C-2.6.

C-2.7.
C-2.8.

C-2.9.

C-2.10.

C-2.11.

C-2.12.

C-2.13.

C-2.14.

C-2.15.

C-2.16.

C-2.17.

LIST OF TABLES (CONTINUED)

PAGE

Analysis of variance for cob residue after corn grain harvEstigd, CO in fall

2009 ..ttt ettt e e e e e aaaaas 122
Analysis of variance for total corn residue after corn grain haat/Esuita, CO

INTAIE 2009 ... e e e e e e e e e e e e e e e 122
Analysis of variance for legume residue after corn grain $taav€ruita, CO in

fall 2009: square root transformMed............oooviiiiiiiiiiiii e 122
Analysis of variance for legume mortality ratings at Fr@@ in spring 2010
.......................................................................................................................... 122
Analysis of variance for corn grain yield at the sprinklerated site in 2010
.......................................................................................................................... 127
Analysis of variance for corn leaf residue at the sprinkler tiedgsite in fall

12 0 O PP 127
Analysis of variance for corn stem residue at the sprinklertedgdte in fall

2 0 O PRSP 127
Analysis of variance for total corn residue at the sprinkler iedgste in fall

120 O PP PP PPPPPPRP 127
Analysis of variance legume biomass at the sprinkler irrigageth $all 2010:

square root tranSfOrMEd ..........cooe i oo iii e 127
Analysis of variance for weed biomass at the sprinkler irrigaeechgall 2010:

square root tranSfOrMEM ..........cooe i i i e 128

Analysis of variance for corn grain yields at the furrow ireigaite in 2010 128
Analysis of variance for corn grain yields at the furrow iregaite in 2010-
DUNNETES TEST ... e eeen s 128
Analysis of variance for corn leaf residue at the furrow tedyaite in fall 2010

.......................................................................................................................... 128
Analysis of variance for corn leaf residue at the furrow ietbsite in fall
2010-DUNNETES TEST ... .ttt e e e e e e e e e e e e eennaanns 128
Analysis of variance for corn stem residue at the furrow edgate in fall

2010: square root tranSfOrMEd ........cccooeeeeie i 128
Analysis of variance for corn stem residue at the furrow edgate in fall

2010: square root transformed -Dunnett’s test ..........ccoovvviiiiiiiiiiiiiiii e, 128
Analysis of variance for total corn residue at the furrow ietgsite in fall

P20 3 0 I oo I = T 1= 0 1 0 1= o 129
Analysis of variance for total corn residue at the furrow ietbsite in fall

2010: log transformed -DUNNett’s teSt .......ccoviiiiiiii i 129
Analysis of variance for legume biomass at the furrow irrigaeethdall 2010:

square root tranSfOrMEd ..........coooi i i 129
Analysis of variance for weed biomass at the furrow irrigatesh $a#é 2010:

square root tranSfOrMEd ..........cooei i i 129
Analysis of variance for weed biomass at the furrow irrigaethdiall 2010:

square root transformed -DUNNEett’s teSt..........oooiiiiiiiiiiiiiiiii e 129

Xii



TABLE

D-2.1.

D-2.2.

D-2.3.

D-2.4.

D-2.5.

D-2.6.

D-2.7.

D-3.1.

D-4.1.

D-4.2.

D-4.3.

D-4.4.

LIST OF TABLES (CONTINUED)

PAGE

Analysis of variance for above-ground legume biomass (percent of coftrol)

field herbicide rate study sampled eight and sixteen weeks after berbici
application in spring 2010: square root transformed ..............ccccceeeiiiviiiiienee, 133
Analysis of variance for above-ground legume biomass (percent of coftrol)

field herbicide rate study sampled eight weeks after herbicide apptidn

spring 2010: square root transSformMed ............cccoiviiiii i 133
Analysis of variance for above-ground legume biomass (percent of cohtrol)

field herbicide rate study sampled sixteen weeks after herbicide ajppliin

spring 2010: square root transformMed ...........ccccovviiiiie e 133
Analysis of variance for above-ground kura clover biomass of field lterbic

rate study sampled eight and sixteen weeks after herbicide applicatiomg spr

1220 1 LR 133
Analysis of variance for above-ground weed biomass of field herbit&de ra
study sampled sixteen weeks after herbicide application in spring 2010......... 134

Analysis of variance for above-ground legume biomass (percent of cohtrol)

pot herbicide rate study sampled eight weeks after herbicide application in

spring 2010: square root transformMed ...........cccoviiiei e 134
Analysis of variance for legume root/crown biomass (percent of cooitmb)
herbicide rate study sampled eight weeks after herbicide application in spring

12 0 O PP 134
Rating scale for visual evaluations of legumes in pot and field studies in 2010

Linear regressions of above-ground legume biomass (percent of coatrol) fr
field study eight weeks after herbicide application in spring 2010 .................. 143
Linear regressions of above-ground legume biomass (percent of coatrol) fr
field study sixteen weeks after herbicide application in spring 2010............... 143
Linear regressions of above-ground legume biomass (percent of coatrol) fr
pot study eight weeks after herbicide application in spring 2010..................... 143
Linear regressions of legume root/crown biomass (percent of controlpdtom
study eight weeks after herbicide application in spring 2010.........ccccoeveeeeeennnn. 143

Xiii



LIST OF FIGURES

FIGURE PAGE

2.1.

2.2.

2.3.

2.4,

2.5.
2.6.
2.7.

2.8.

4.1.

4.2.

4.3.

4.4,

4.5.

A-1.1.
A-1.2.
B-1.1.
C-1.1.
C-1.2.
D-1.1.
D-3.1.

Soil ammonium (NH) concentrations at 0-15, 15-53, and 53-91 cm sampling
depths in strips to be planted in corn for grain and soybeans at Fruita, CO in
SPHNG 2009.... ettt rrr e aaaaaaaes 44
Soil nitrate (N@) concentrations at 0-15, 15-53, and 53-91 cm sampling depths

in strips to be planted in corn for grain and soybeans at Fruita, CO in spring

Soil organic matter (SOM) concentrations at 0-15, 15-53, and 53-91 cm sampling
depths in strips to be planted in corn for grain and soybeans at Fruita, CO in

SPHNG 2009.... .t e et rr e aaaaaaaaes 45
Effect of living mulch/fertility treatments on soybean yields atdrGiO in

1200 SO PPP 48
Corn silage yield nitrogen fertilizer response curve for Fruitan@0Qd9 ........ 53

Corn grain yield nitrogen fertilizer response curve for Fruita, CO in 200953......
Linear regression of corn silage yield on nitrogen fertilizer oat®@4 and 168 kg

N TALES ..ottt ettt ettt ettt ettt ettt n s 53
Linear regression of corn grain yield on nitrogen fertilizer rate for 84G8#&dL
BT TALES ..ottt ettt ettt ettt ettt ettt 53
Field study: response of red clover biomass (percent of control) to ing e
of glyphosate eight weeks after application in spring 2010............cceeeeiiiiiiiiiiinnns 99
Field study: response of white clover biomass (percent of control) to ingreasin
rates of glyphosate eight weeks after application in spring 2010 ......................... 99
Field study: response of red clover biomass (percent of control) to incredssg r
of glyphosate sixteen weeks after application in spring 2010 .........cccceeeeeeeeeeenne. 100
Field study: response of white clover biomass (percent of control) tosimgrea
rates of glyphosate sixteen weeks after application in spring 2010..................... 100
Field study: linear regression of weed biomass on legume biomass sixteen wee
after herbicide application in Spring 2010 ..........ccooiiiiiiiiiiiiirre e 103
Sprinkler irrigated site: 2009 field MapP ........ccooeviiiiieeee e 110
Furrow irrigated site: 2009 field Map ......eoiiiiii e 111
Fruita: 2009 field Map.....cooo i 118
Sprinkler irrigated site: 2010 field MaP ......vvvveeiiiieiee e 124
Furrow irrigated site: 2010 field Map ......ooovveiiiiiii e 125
Field study: 2010 field Map .....coooeeeiieeee e 131
Field herbicide rate study: visual ratings of alfalfar aight weeks following
glyphosate application in SPring 2010 .........coouuiiiiiiiiiiiiee e 136

Xiv



LIST OF FIGURES (CONTINUED)

FIGURE
PAGE

D-3.2. Field herbicide rate study: visual ratings of birdsfoot trefoil ogét eveeks

following glyphosate application in spring 2010.............uuvviiiiiiinieeeeeeeeeeeeeeeeiiene 137
D-3.3. Field herbicide rate study: visual ratings of kura clover over eiglswee

following glyphosate application in spring 2010.............uuvvviiiiiiiiieeeeeeeeeeeeeeeeeens 137
D-3.4. Field herbicide rate study: visual ratings of red clover over eigtksifellowing

glyphosate application in Spring 2010 ..........ovvuiiieiiiiiiiieee e 138
D-3.5. Field herbicide rate study: visual ratings of white clover over wigeks

following glyphosate application in spring 2010............uuuuviiiiiiinieieeeeeeeeeeeeeeiiens 138
D-3.6. Pot herbicide rate study: visual ratings of alfalfa over eighitsvediowing

glyphosate application in SPring 2010 ........cooouuiiiiiiiiiiiieeee e 139
D-3.7. Pot herbicide rate study: visual ratings of birdsfoot trefoil over eigbks

following glyphosate application in spring 2010..............uvveiiiiiiiiieeeeeeeeeeeeeeeenens 139
D-3.8. Pot herbicide rate study: visual ratings of kura clover over eighsvi@éiowing

glyphosate application in Spring 2010 .........ccovviiiiiiiiiiiiiee e s 140
D-3.9. Pot herbicide rate study: visual ratings of red clover over eighksv@éwing

glyphosate application in SPring 2010 ........coouuuiiiiiiiiiiiiee e 140
D-3.10.Pot herbicide rate study: visual ratings of white clover over eight weeks

following glyphosate application in spring 2010............ueeeiiiiiieieiiiiiieeeeeeiiiiiiees 141

XV



CHAPTER 1: CO-ESTABLISHMENT OF LEGUMINOUS LIVING MULCHES

WITH ANNUAL CROPS

SUMMARY
Perennial legumes are excellent living mulches, but their establisharehec
challenging. Given that producers may not be willing to take land out of annual crop
production during the establishment year, co-establishment of the mulch with ah annua
crop could be a viable alternative. The goal of this study was to determirteentinet
perennial legumes birdsfoot trefolldtus corniculatus), white clover Trifolium repens),
and a mix of white clover, red cloveérr(folium pratense), and kura cloverTfifolium
ambiguum) could be co-established with coiZeé mays) and oatsAvena sativa) for use
as living mulches. Legumes were seeded with annual crops at two irrigatedesir
Fort Collins, Colorado in 2009. Annual crop treatments included corn harvested for
silage and oats harvested for hay at either the boot or soft dough stage argilhgy
were analyzed for crude protein (CP), neutral detergent fiber (NDF), ahdedergent
fiber (ADF). Perennial legumes were evaluated visually and by biomagérsgthe
following spring to determine success of establishment. Mulch crops did not have any
effect on annual crop yield or quality when compared to a control with no living mulch.
Early oats, late oats, and corn silage yielded 4.0, 6.3, and 17.6 Mrebpectively. The
following spring, legumes established under corn averaged 276%gHik legumes

established under oats cut at the boot and soft dough stages yielded 951 and 611 kg ha



respectively. Among legume treatments, the clover mix yielded the higlresaging

869 kg ha across annual crops followed by birdsfoot trefoil and white clover at 542 and
427 kg hd, respectively. Results indicate that these legumes can be successfully c
established with corn or oats without any adverse effects on the annual cropvaRein

the annual crop earlier in the growing season will result in superiorisktabht of the

mulch.



INTRODUCTION

Increasing input costs along with environmental conservation issues have create
the need for agricultural research in the area of low-input, sustainable cregpiams.
Cover cropping, tillage reduction, and value-added crops have drawn a great deal of
focus in addressing both environmental and economic concerns. One concept that
embodies and expands upon such ideas is that of a living mulch.

Living mulches are cover crops grown in association with an annual cash crop
(Paine and Harrison, 1993; SAN, 1998). These vegetative covers are unique in that they
are not completely killed prior to planting of the annual crop like a traditionah gree
manure or cover crop. Rather, growth is temporarily suppressed allowingavent
persistence and coexistence of the cover with the annual crop throughout the growing
season and beyond (Echtenkamp and Moomaw, 1989; Singer and Pederson, 2005).
These mulches can be annuals or perennials and can be interseeded with the cash crop or
established before planting (Singer and Pederson, 2005). The use of a perennial cover
offers many potential benefits including decreased wind and water erosions@ttrea
water infiltration, weed suppression, reduced insect damage, and increasegbsid or
matter (Echtenkamp and Moomaw, 1989; White and Scott, 1991; Hartwig, 2004).
Another advantage of living mulches is improved nutrient cycling. All covers provide
some nitrogen retention by limiting nitrate leaching (Duiker and Hgr&@D4).

However, leguminous living mulches offer the greatest fertility improvesirough
the biological fixation of atmospheric nitrogen.

Aside from their primary benefits as a mulch, legumes are highly palatadble

increase the forage quality of grazed crop aftermath, such as corn stover, by



supplementing protein and energy (Zemenchik et al., 2000). This gives livestock
producers the ability to substantially increase the feed value of fdragetay already
be grazing. In some cases, there is also potential for spring grazing or bafeesthe
cash crop is planted.

While living mulches have been tested extensively under rain-fed conditions
(Eberlein et al., 1992, Affeldt et al., 2004; Duiker and Hartwig, 2004), there is a lack of
published data on their use in semi-arid environments that require irrigation. Most of the
research to date has come from the upper Midwest and Eastern United StatggmeS§oil t
climatic conditions, insects, weeds, and disease pressure in the semi-ardifiétest
from these humid regions. Thus, research on species selection and general management
practices for living mulches must be conducted in the region if the system is to be
adopted in the West.

One major obstacle to the adoption of living mulches by grain producers in the
West is the economic cost of establishing the cover. Since land is a major inpat cost f
most farmers, losing a year of production is often not a viable option. A potential
solution to this problem is co-establishing the living mulch with an annual cash crop.
The two crops can be planted at the same time, with the living mulch being allowed to
persist for future use after harvest of the annual (Paine and Harrison, 1993). QOf course
there are obvious drawbacks to this strategy. Competition with the annual crop will
hinder establishment of the cover, particularly in the case of crops that forck a t
canopy depriving the smaller cover crop of light. Another issue is the reducti@eth w
control options. Herbicide treatments may be severely limited when intencgogpi

grass with a legume. While established perennial legumes can be resihertitide



applications, they will be susceptible and easily killed during the estalelighmear.
Thus, careful selection of both the cover crop species and the companion annual with
which it is seeded are essential to the success of establishment. Acgottmgl|
objectives of this study were to:
1) Determine effects of interseeded legumes on yield and quality of corn silage
and oat hay.
2) Evaluate relative success of establishment of various legumes seeded with

different annual crops.



MATERIALS AND METHODS

Two fields were used for co-establishment studies in 2009. The study sites were
located at the Colorado State University Agricultural Research, Developaneint
Education Center (ARDEC) about 6 km south of Wellington, CE3@8, 10459'W)
at an elevation of 1554 m. Both were irrigated, one with a linear drive sprinkiemsys
and the other by furrow irrigation from gated pipe. All subsequent referentesttoa
sites will be made by the type of irrigation they received. The soil apthkier
irrigated site was a Fort Collins loam (fine loamy, mixed, mesic Aridipltstalf). Soil
at the furrow irrigated site was classified as a Garrett loara-(Giamy, mixed,
superactive, mesic Pachic Argiustoll). ARDEC receives approximatetyn33
precipitation annually. However, the study sites were irrigated on an as needed basi
throughout the growing season. Average monthly temperatures range’@am 0
January to 2Z in July.
Field season: sprinkler irrigated site

The field was initially split into three sections to be used for three diffenewnizh
crop treatments. These included corn, spring oats, and corn interseeded with spring oat
Each section was arranged in a randomized block design with four replications and
included three legume treatments and a control with no living mulch (Table 1.1). Plot
dimensions were 4.6 x 10.7 m. The field was clean tilled and fertilized with
diammonium phosphate (DAP, 18-46-0) to achieve a rate of 90kg.g in April
2009. ‘Morton’ spring oats were seeded on May 8, 2009 at 22.4%gdirag a no-till
drill (Model 3P605NT, Great Plains Mfg., Inc., Salina, KS). Row spacing was 5@t a

cm, and planting depth was 2.5 cm. Legumes were seeded the following day using



Table 1.1. Species, varieties, and seeding rates of legumes used in co-kstabent
studies at sprinkler and furrow irrigated sites in 2009.

Treatment Scientific Name Variety Seeding Rate in
Pure Live Seed

(kg ha')

Treatment 1

Birdsfoot trefoll Lotus corniculatus Leo 6.7

Treatment 2

White clover Trifoliumrepens Kopu I 4.5

Treatment 3

Kura clover Trifolium ambiguum Variety not stated 5.6

Red clover Trifolium pratense Starfire 3.4

White clover Trifoliumrepens Kopu lI 2.2

Treatment 4

Control

the same drill. Row spacing remained 19 cm, and seeding depth was adjusted to
approximately 1 cm. Grand Valley Hybrids ‘22R77P’ Roundup Ready hybrid silage corn
was planted on May 15, 2009 using a 6-row John Deere corn planter (Maxemerge 7300,
John Deere, Inc., Moline, IL). Row spacing was 76 cm, and planting depth was 3.8 cm.
The planting population was 76,600 seed$ h@ats were seeded east to west, while
legumes and corn were seeded north to south.

The study site was irrigated with a linear drive sprinkler systergation began
on May 20, 2009 and continued throughout the growing season on a weekly basis. The
guantity of water was adjusted to meet crop needs. Dates of irrigation eventaidhong
amounts applied are listed in Table 1.2.

The study site had several dense populations of Canada tGistent arvense).
These were hand clipped to ground level on June 16, 2009 to prevent their aggressive

competition in the plot area. Their uneven distribution could have become a confounding



Table 1.2. Sprinkler irrigated site:
irrigation timing and quantity in 2009.

Date Irrigation (cm)
May 20 1.9
May 29 0.6
June 22 2.5
July 1 1.9
July 14 3.8
July 20 3.8
July 29 2.5
August 5 3.8
August 12 3.8
August 19 3.8
August 26 3.8
September 2 3.8
September 8 2.5
Total 38.5

factor, but the single clipping approximately one month after planting alltineeannual
grasses to outcompete the thistle.

A hail storm on June 10, 2009 caused significant damage to the corn. Oats and
legumes were also damaged to a lesser extent. The corn in the cornipriastable to
recover, but the corn intercropped with oats was unable to compete with the oats and
remained stunted. On June 29, 2009, the corn strip was side-dressed with 188 kg ha
nitrogen using 32-0-0. At that point, it was deemed unnecessary to side-dress the corn in
the corn/oat strip due to its extremely poor performance. Instead, the striprwestdth
for oat hay.

The corn/oat strip was harvested for hay at the boot stage of the oats on July 8,
2009. A self-propelled swather (Model 1469 Haybine, New Holland North America,
Inc., New Holland, PA) set at a cutting height of 10 cm was used for harvest. A 2.8 m
wide by 6.1 m length of windrow was collected onto a large tarp and weighed with a

hanging scale to determine bulk yield. An 800 g subsample was taken and dried to



determine percent moisture and adjust to dry matter (DM) yield. Another subsdgmple
approximately 1000 g was taken to determine oat, weed, and corn biomass as @srcentag
of total yield. The oat strip was harvested at the soft dough stage on July 27, 2009. The
aforementioned harvest techniques were used.

The corn/oat strip was cut to a height of 10 cm again on August 18, 2009 to
control oat regrowth and prevent seed dispersal. The strip was swathed asdtitiee re
removed. Hay yield was negligible and thus not recorded.

Biomass samples were collected from corn plots on September 27 and 28, 2009.
A 76 x 76 cm frame was laid flat on the ground centered on a corn row, and all biomass
within that frame was cut at a height of 10 cm. This sample was used to determine
composition of yield in terms of corn, legume, and weeds. This technique was an
alternative to the grab samples used for species composition analysis inglosoalt
was chosen because the silage chopper would have shredded some plant material beyond
recognition.

The corn strip was harvested on September 29, 2009 using a standard pull type
two-row silage chopper (Model 717, New Holland North America, Inc., New Holland,
PA). Chopped silage was blown into a silage truck with a weigh body. Weights were
recorded for the middle two rows of each six-row corn plot. These weights wdrouse
determine bulk yield. Subsamples were taken with a net by periodically puttimgdeit
the chute of the silage chopper as the plot was cut. A 600 g subsample was engled whil
another 750 g were dried and used to determine percent moisture in order tdecalcula

yield on a DM basis.



Field season: furrow irrigated site

The field was leveled and set with irrigation furrows on 76 cm centers the
previous year. This site had been furrow irrigated for numerous years pherdortent
study. It was fertilized with diammonium phosphate (DAP) to achieve a ratekaf
ha' P,Os on April 24, 2009. To control a large weed population of primarily Canada
thistle, the field was mowed on May 1, 2009 and sprayed with glyphosate on May 7,
2009 and again on May 20, 2009. Furrows were cleaned immediately prior to planting.

Legume treatments and plot dimensions were identical to those described at th
sprinkler irrigated site. Initially, three annual crop treatments; oats, and a control
with no annual crop were planted. However, herbicide carryover effects and non-uniform
soil fertility led to extremely uneven legume establishment in the corregndke-only
blocks. Consequently, only the oat treatment could be used. The oat test was set up in a
randomized block with four replications. Each block contained three plots of each
legume treatment and only one control plot (no legume). This design was used in
anticipation of a study to be conducted at the site the following year.

The legumes and oats were seeded on May 22, 2009 using a modified cone-seeder
drill (Kincade Equipment Manufacturing, Haven KS). The planter was adjustedhaic
each bed had three rows of oats spaced at 16.5 cm between rows. ‘Morton’ spring oats
were planted first at a rate of 22.4 kg*ha@lanting depth was 2.5 cm. Legumes were
seeded using the same row spacing, but planting depth was adjusted to approgimatel
cm. The result was that oats and legumes were planted in the same row.

The site was furrow irrigated on an as needed basis. Dates and durations of

irrigation events are listed in Table 1.3.
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Table 1.3. Furrow irrigated site:
irrigation timing and duration in

2009.

Date Duration (hours)
May 29 6.0

July 14 10.0

July 27 55
August 12 5.0
August 24 5.0
September 4 4.5
September 28 4.0

Irrigation furrows were cleaned on July 1, 2009 using a three-row ditcher with
shovels and trailing cans. This was done as a means of weed control and provided
effective suppression of weeds in the furrows.

Oats were harvested for hay on July 24, 2009 at the soft dough stage. This was
done using a Lacerator Green Chopper (Gruett’s, Potter, WI) with ahedta@igh bin
to determine bulk yield. Cutting height was set to 10 cm, and harvest data weredbtain
from the middle two beds of each 6-row plot. Two subsamples of approximately 550 g
were taken from each plot by using a net to catch plant material asbtavasinto the
weigh bin. One was dried to determine percent moisture, which was used to calculate
yield on a DM basis. The other was separated to determine percent weed, Egilime
oat composition.

The study site was mowed twice after harvest (August 6, 2009 and September 14,
2009) to a height of 10 cm using a flail mower. This was done to control oat regrowth
and prevent seed dispersal. Biomass in regrowth was minimal and was not removed f

the field.
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Sample Processing

Subsamples taken to determine percent moisture were weighed immegfiately
harvest in the field. They were placed in a forced air oven sef@f&ba minimum of
72 hours. After drying, samples were weighed again to calculate perceturmoahich
was used to determine DM vyield.

Oat composition samples were stored in a freezer until they could be sgparate
Weeds (and corn in the case of the oat/corn plots) were separated from edtsmti
weighed to determine percent composition. There were no legumes found in the
composition samples. Similarly, composition samples from the corn plots epEeted
in the field before being dried and weighed.

Corn samples were ensiled by putting 600 g into a 3.8 L plastic bag (FoodSaver
Freezer Bags, Sunbeam Products, Inc., Boca Raton, FL). Air was evacoatd{s,
and bags were then heat sealed using a kitchen-grade vacuum sealer kédaéac S
V2220B, Sunbeam Products, Inc., Boca Raton, FL). Sample bags were stored in black
plastic trash bags at room temperaturé@for 90 days before being opened and dried.
This procedure was proposed, tested, and verified by Cherney et al. (2004).

Dried samples from all three annual crop treatments (ensiled in the chee of t
corn) were ground using a Wiley mill (Wiley Model 4, Arthur H. Thomas Co.,
Philadelphia, PA) with a 2 mm screen and then a Cyclone mill (Cyclotec Model 1093,
Foss Corp., Eden Prairie, MN) with a 2 mm screen. The second grinding was done to
homogenize the particle size of the sample. No corn was included in the ground samples

of early-cut oat hay.
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Quality Analysis

Neutral detergent fiber (NDF), acid detergent fiber (ADF), and tati@gan
content were determined for all oat hay and corn silage samples taken @it ianeest.
NDF/ADF fiber analyses were performed according to the methods describah by
Soest et al. (1991) using the ANKOM filter bag technique. This method involved putting
ground samples in filter bags which were sealed and digested in an ANKOM fiber
analyzer (Model 200, ANKOM Technology, Macedon, NY). All samples were run in
duplicate and re-run if the coefficient of variation between samplesneategthan 5%.

Nitrogen concentration was determined via the Dumas combustion method
(Etheridge et al. 1998) using a LECO carbon and nitrogen analyzer (Mod20@N
Leco Corp., St. Joseph, MI). The percent nitrogen concentration was multiplied by 6.25
to estimate crude protein (CP).
Establishment Evaluation

Biomass samples were taken at the sprinkler irrigated site on May 3, 2010 to
guantify success of legume establishment and overall stand health. This way done
randomly placing a 0.25 fhirame at two locations in the plot and clipping all plant
biomass to ground level. Samples were separated between desired leguais) syet
weeds, dried for 72 hours in a forced air oven 8€58nd weighed. Dry weights were
used to calculate species abundance on a per hectare basis. Plots werea#liso visu
evaluated on a scale of 0 to 5 on the same day. The rating system is descrédig@d in T
1.4. It should be noted that this evaluation was not an estimation of legume biomass, but

of percent plot area in which the legume was successfully established. Dyraftoasit
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Table 1.4. Rating scale for visual evaluation of
legume establishment at sprinkler and furrow
irrigated sites in spring 2010.

Rating Description

0 no legume

very sparse, small plants
plants are either sparse or small
>50% establishment
>75% establishment
100% establishment

a b wdhN Bk

loss of clover to vole damage, the percent of the total plot area with vole damagdgowas a
recorded.
Biomass samples and visual evaluations were obtained at the furroverigfest
on May 9, 2010 using the same methods described above for the sprinkler irrigated site
However, only one sample was taken from each plot due to the larger number oflidentica
treatments compared to the sprinkler irrigated site.
Satistical analysis: sprinkler irrigated site
PROC MIXED in SAS (SAS Institute, 2009) was used to determine the effect of
legume treatment on annual crop yield, percent weed biomass, NDF, ADF, and CP.
Annual crop yield and quality factors were compared within each annual crop, but not
between crops. These data were analyzed as a randomized block design igatiorepl
as the random effect and legume treatment as the fixed effect. Difererre
recognized as significant at tRe< 0.05 level. If legume treatment effect was found to
be significant, treatment means were separated using LSMEANS (SAiBtk, 2009).
Establishment ratings, spring legume biomass, and spring weed biomass were
compared within and between annual crops. These data were analyzed as @t split-pl

design where the whole plot was the annual crop, and the split plot was the legume
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treatment. The random effect was replication within annual crop. PROC MIXED was
used to determine the main effects and interactions of legume treatment afdemua
In the event of a significant effect, LSMEANS was used to separate means.

Transformations were performed when an examination of the residuals éadicat
the need. Contribution of weeds to total yield for both oat hay cuttings, spring 2010
legume and weed biomass, and vole damage ratings were square root tethgform
homogenize variance. In these cases, the original data were reported, and the
transformation was used to determine differences between treatments.
Satistical analysis: furrow irrigated site

Oat hay yield and percent weed composition in 2009 as well as establishment
ratings, weed biomass, and legume biomass in 2010 were analyzed as a randomized
block with subplots. Each legume treatment had three subplots, and the conventional
(control) treatment had only one. Replication and replication by treatmentamei@m
effects, and treatment was the fixed effect. For NDF, ADF, and CP of oat haytpbne
of each treatment was randomly selected from each replication. These gata we
analyzed as a randomized block where replication was the random effect and legume
treatment was the fixed effect.

All data were analyzed using PROC MIXED. If legume treatmentteffas
significant at thd® < 0.05 level, treatment means were separated using LSMEANS. No

transformations were required.
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RESULTS AND DISCUSSION
Sorinkler irrigated site

Annual crop vield and quality

Legume treatment did not have an effect on the yield or quality of annual crops.
This is not surprising as legumes were not well established at the time ot ltawés
intense competition for light, nutrients, and water from the faster-gromimggh grasses.
In the case of the oats, both early and late cuttings, the legumes did not cordrdrage t
yield (Tables 1.5 and 1.6). While there were legumes present in both treatments at
harvest, they did not have enough growth to be harvested at the 10 cm cutting height. In
the case of the corn silage, biomass samples taken prior to harvest indicatedsfaitbi
trefoil and the clover mix would contribute to biomass harvested at a 10 cm cutting
height (Table 1.7). These legume treatments accounted for 0.8 and 0.6% of gal sila
dry matter, respectively. The two treatments were not significariterelnt, but were
both found to be greater than the white clover treatment. Still, such a small contribution
would not be expected to affect the feed value of the silage.

Table 1.5. Sprinkler irrigated site: effect of living mulches on yield andjuality of
early-cut oat hay (harvested at boot stage) in 2009.

Avg. Avg.
Dry contribution contribution

matter  of weeds to of legume(s)
Legume yield total yield to total yield  NDF ADF CP
treatment (Mg ha?) (%) (%) (%) (%) (%)
Birdsfoot trefoil 39a8 0.0a 00a 60.5 a 35.6a 11.5a
Clover mix 40a 42b 0.0a 61.0a 35.6a 116a
White clover 41a 0.0a 00a 55.5a 353a 111a
Conventional (no
legume) 4.1 a 0.1a n/a 54.7 a 35.2a 120a

§ Within columns, means followed by the same lowasecletter are not different at the 0.05 probabilit
level.
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Table 1.6. Sprinkler irrigated site: effect of living mulches on yield andjuality of
late-cut oat hay (harvested at soft dough stage) in 2009.

Avg. Avg.
Dry contribution contribution

matter  of weeds to of legume(s)
Legume yield total yield to total yield  NDF ADF CP
treatment (Mg ha?) (%) (%) (%) (%) (%)
Birdsfoot trefoil 6.5a8 0.6a 0.0a 61.6 a 385a 74 a
Clover mix 59a 44 a 0.0a 59.3a 37.2a 7.1a
White clover 6.6 a 0.2a 0.0a 61.5a 374 a 6.7a
Conventional (no
legume) 6.0a 20a n/a 60.7 a 37.1a 75a

§ Within columns, means followed by the same lowasecletter are not different at the 0.05 probabilit
level.

Table 1.7. Sprinkler irrigated site: effect of living mulches on yieldand quality of
corn silage in 2009.

Avg. Avg.
Dry contribution contribution

matter  of weeds to of legume(s)
Legume yield total yield to total yield  NDF ADF
treatment (Mg ha?) (%) (%) (%) (%) CP (%)
Birdsfoot trefoil 17.7a8 6.7 a 0.8a 42.2 a 244 a 6.6 a
Clover mix 176 a 54a 0.6a 428 a 25.1a 6.8a
White clover 179 a 105a 00b 42.0a 23.8a 6.6 a
Conventional (no
legume) 17.3a 7.4 a n/a 414 a 25.0a 6.7 a

§ Within columns, means followed by the same loasecletter are not different at the 0.05 probabilit
level.

While the soil nitrogen contribution of legumes was not quantified directly, there
was no Yyield response or change in nitrogen concentration of plant tissuedstsugg
significant additions. Several reasons behind this can be attributed to the symbioti
relationship between the legume host andRifieobium bacteria that performs biological
nitrogen fixation (BNF). The nature of this relationship dictates that ttterdedepend
on its plant host for a continuous flow of carbohydrates. In alfsléicago sativa), the
costis 5.1t0 8.1 g C per g N fixed when the cost of all factors such as nodule gewth ar
included (Twary and Heichel, 1991). While there is some variation between speties a

growth stages in carbon cost per unit N fixed, this illustrates the high erostgyf ¢his
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process to the legume. As a result, the host plant will very quickly reduce or stop the
outflow of carbohydrates when subjected to environmental stress.

In the case of this study, the main stress factor was reduced light due to shading
by the annual crops. The rate of BNF in legumes is photosensitive and can be reduced
after only a few days under low light (Tricot et al., 1990). Legumes estadlisnder
oats were subjected to this type of stress very early in their establishviieah oats
were harvested, the legumes were etiolated with very elongatesl sroh stress
indicates a lack of excess carbohydrates to allocate for BNF.

Legumes established under corn did not experience this type of stress until later
the growing season. However, they likely suffered from reduced rates offBN&ctur
after flowering. BNF reaches its maximum rate during the early regtigdistage of
growth and then sharply declines as carbohydrate sink competition occurshihdaysc
1995). In a pasture, the legumes are mowed or grazed at this stage, and once the
reproductive sink is removed, the plant reallocates carbohydratesRbizhlium.
However, since the living mulch was established under corn, it is likely that\BNF
reduced after flowering. By this point, light competition had also become a factor.
Another influence reducing the BNF potential of legumes seeded under corn was the
application of 168 kg haN in the form of a urea ammonium nitrate (UAN) solution.
This was done to ensure that N was not limiting to the corn, but elevated soil N levels
will decrease rates of BNF as legumes allocate fewer carbohydoatee process when
N is not limiting (Marschner, 1995).

Finally, any N that was fixed by the legumes was not likely to be availalthe

annual crops during the growing season. While some of the fixed N can remain in the
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soil as root excretions (Havlin et al., 2005), residues, and nodules (Marschner, 1995), 75-
80% of the plant’s total N is generally found in the top growth (Jennings, 2010). This
material must senesce and decompose before that N is converted to a planedwvaiabl
through mineralization. Thus, significant N credits to the associated annuah ¢hep i
establishment year are not to be expected.

It should be noted that the primary goal in co-establishment of a living mulch with
an annual crop is not to reap the full, long-term benefits of the mulch. Rathep, it is t
successfully establish the perennial without negatively affecting thelaresh crop. In
this case, none of the legume treatments reduced productivity of the oats or aorn whe
compared to the conventional treatment with no living mulch. This indicates that the
only costs associated with establishing the perennial cover are those of seeahang. pl
That being the case, there is very little risk to the producer involved in estadpleshi
living mulch.

The one notable challenge found in this study was that of weed control.
Intercropping a grass with a broadleaf, especially in the establislygemimakes weed
control difficult. This did not prove to be a major issue in the oat plots, which quickly
formed a dense canopy and outcompeted the weeds. However, in the case of the early cut
oats, the clover mix did have more weeds as a percent of total harvested biomass
(Tablel.5), which is surprising as good legume establishment should suppress weeds.
Conversely, the corn was plagued with high weed populations that contributed
significantly to total biomass at harvest time (Table 1.7). However, wesdyse did

not differ between mulch treatments and the control.
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This does raise an issue in the management of our control or “conventional” corn
treatment in that a producer would likely spray when weed populations grew as high as
they were in this study. We did not spray so as not to introduce another variable that
would keep us from quantifying any weed suppression by the legume treatments. One
recommendation from the 2009 results of this study is that a site with relativelyded
pressure should be chosen for establishment of the mulch. If such a field is notgvailabl
the use of an annual that provides rapid cover and vigorous growth is advisable.

Establishment of living mulches

There was an annual crop effect on the success of legume establishment. While
there was no difference between the oat cuttings, they both outperformed the corn in the
visual evaluations (Table 1.8) and the amount of legume biomass (Table 1.9). This is due
to a much longer period of competition-free growth the previous year. However, there
was one exception in the case of the visual ratings in which the clover mix raeked t
same in the corn and late-cut oats. The clover mix established better than ¢he whit
clover and birdsfoot trefoil under the corn. However, the trefoil established thette
both the clovers under the late-cut oats. This can be attributed to damage that voles
caused to the clover in the oat plots.

Vole damage was much greater in the oat plots compared to the corn silage (Tabl
1.10). This damage occurred between the fall of 2009 and early spring of 2010. Early
and late-cut oats were harvested on July 8 and July 27, 2009, respectively, allowing
ample time for competition-free clover growth after harvest. Converselywas

harvested on September 29, 2009 leaving very little time for clover regrowtle befor
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winter. The resulting superior clover growth after harvest in the oat plotg fik@lided
an excellent source of food and shelter for the voles.
Table 1.8. Sprinkler irrigated site: establishment ratings of

living mulches in spring 2010.
Early-cut Late-cut Corn

oats oats Silage Avg.

------------------------- Rating--------------------
Birdsfoot trefoil 39aA 8§ 4.0 aA 2.1 bB 3.3
Clover mix 4.0 aA 3.3bB 3.3aB 3.5
White clover 3.8 aA 3.9 abA 2.4 bB 3.3
Avg. 3.9 3.7 2.6

* Establishment based on a scale of 0 = no legumBs= 100% establishment.
§The interaction of legume treatment by annual evap significant. Legume
treatments followed by the same lowercase leteenat different. Annual

crop treatments followed by the same uppercaser lete not different.
Differences were declared significant at the 0.@pbility level.

Table 1.9. Sprinkler irrigated site: legume biomass of living

mulches in spring 2010.
Early-cut Late-cut Corn

oats oats Silage Avg.

---------------- DM yield (kg ha")----------------
Birdsfoot trefoil 937 8 544 146 542 b T
Clover mix 1306 779 523 869 a
White clover 610 509 161 427 b
Avg. 951 A% 611 A 276 B

§The interaction of legume treatment by annual evap not significant at the

0.05 probability level.
tLegume treatment means followed by the same I@asertetter are not

different at the 0.05 probability level.
¥ Annual crop means followed by the same upperiediss are not different at

the 0.05 probability level.
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Table 1.10. Sprinkler irrigated site: vole damage to living
mulches in spring 2010.
Early-cut Late-cut Corn

oats oats Silage Avg.
------ Plot area damaged by voles (%)-------
Birdsfoot trefoil 48 3 0 2bt
Clover mix 16 29 4 16 a
White clover 13 11 0 8b
Avg. 11 At 14 A 1B

8The interaction of legume treatment by annual evap not significant at the
0.05 probability level.

tLegume treatment means followed by the same |lasertetter are not
different at the 0.05 probability level.

T Annual crop averages followed by the same uppgertster are not
different at the 0.05 probability level.

Legumes are known to be a preferred food source for voles (Thompson, 1965).
Meadow volesNlicrotus pennsylvanicus) in an enclosed environment favored legumes
from among 30 potential food sources. Of these, white clover and red clover (both of
which are in the clover mix) were ranked first and third, respectively. Asidea food
source, the cover offered by live clover in the fall and spring, as welhéckantat of
residue in the winter, would create ideal rodent habitat. Previous reseastiohasthat
cover crops are excellent rodent habitats that can increase pest predtves &al.,
2001). Winman et al. (2009) found that living mulches containing legumes attracted
larger vole populations than those without. The clover mix had the most biomass in the
fall and consequently left more residue behind.

Thus, vole damage is the most likely cause of this annual crop by legume
treatment interaction. Additionally, clover mix establishment in the opsdended to
be very strong in areas not affected by voles. It is possible that a ldtarfadst or
grazing of the clover could have made for less enticing rodent habitat.

Legume biomass was highest under the oats, despite the vole damage, with no

differences between cutting dates (Table 1.9). The clover mix produced akesgre
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biomass when averaged across annual crops, due in large part to the red clover with it
quick establishment and high spring biomass production.

Spring weed biomass was highest in the early-cut oats (Table 1.11). This was
somewhat surprising as legumes established well in this strip, and legummaesbiwas
relatively high. One possible reason is the variable weed pressure in diffiexasiof the
field. The dominant weed was Canada thistle, which was very thick in some aceas. N
differences were found between legume species.

Table 1.11. Sprinkler irrigated site: weed biomass of living mulches irpsing
2010.

Early-cut Late-cut Corn

oats oats Silage Avg.

------------------- DM vyield (kg ha')-----------------
Birdsfoot trefoil 327 8§ 46 100 158 a t
Clover mix 179 89 17 95a
White clover 442 37 78 186 a
Conventional (no legume) 123 1 121 82a
Avg. 267 At 43 B 79B

8The interaction of legume treatment by annual evap not significant at the 0.05 probability
level.

tLegume treatment means followed by the same lasertetter are not different at the 0.05
probability level.

¥ Annual crop means followed by the same upperedtss are not different at the 0.05 probability
level.

Furrow irrigated site

Annual crop vied and quality

As was the case at the sprinkler irrigated site, legume treatment didvearha
effect on the yield or quality of oat hay (Table 1.12). Similarly, legumes si#too
small to contribute to crop yield at the 10 cm cutting height. The contribution of weeds
to total yield on a percent basis did not differ between treatments suggesting ttestcho w

suppression was provided by the mulch crop prior to harvest.
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Table 1.12. Furrow irrigated site: effect of living mulches on yield and quély of
oat hay (harvested at soft dough stage) in 2009.
Avg. Avg.
Dry contribution contribution
matter of weeds to of legume(s)

Legume yield total yield to total yield NDF ADF

treatment (Mg ha) (%) (%) (%) (%) CP (%)
Birdsfoot

trefoil 36a8 6.3a 0.0a 55.2a 349a 16.2a
Clover mix 3.6a 75a 0.0a 57.5a 34.4a 15.6 a
White clover 35a 8.1la 0.0a 57.2a 339a 16.3 a
Conventional

(no legume) 3.6a 7.1a n/a 60.6a 346a 156a

§ Within columns, means followed by the same loasecletter are not different at the 0.05 probabilit
level.

Establishment of living mulches

The clover mix was rated higher than white clover in the visual
evaluations indicating superior establishment (Table 1.13). The trefoil did notfbiffer
either the clover mix or the white clover. This is consistent with results féatéreut
oats at the sprinkler irrigated site, which were also harvested at the sgift stage.
Neither legume nor weed biomass differed among legume species. spritiider
irrigated field, the clover mix yielded the highest spring biomass adi@saal crops.
One possible reason for this difference in relative biomass production is thengampl
date. Plots at the furrow irrigated site were sampled six days later tisanaththe
sprinkler irrigated site at a time when the legumes were growing yagdids
conceivable that the white clover could have grown enough during that time to reduce the
differences in biomass among species. Vole damage at the furrow irrigateds

negligible and only occurred in small sections of two of the 40 plots.
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Table 1.13. Furrow irrigated site: establishment ratings, legume
biomass, and weed biomass of living mulches in spring 2010.

Legume
Establishment Weed Biomass Biomass
Rating * (kg ha') (kg ha')
Birdsfoot trefolil 46 ab 8 14 a 1314 a
Clover mix 49 a 26 a 1223 a
White clover 4.2 b 5a 954 a
Conventional (no legume) n/a 20 a n/a

* Establishment based on a scale of 0 = no legumBs= 100% establishment.
§ Within columns, means followed by the same lowsecletter are not different at the
0.05 probability level.
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CONCLUSION

Co-establishment of perennial leguminous living mulches with corn or oats can
eliminate the cost of production loss in the establishment year. This would limit
establishment costs to legume seed and planting operations. No yield or dfsatitya
living mulches were found on either annual crop, and all living mulches were
successfully established. Legume establishment was superior with edtstta earlier
harvest of oat hay compared to corn silage. However, these results were ohttheed i
complete absence of chemical weed control resulting in high weed populatioss acr
conventional and mulch treatments in corn. Weed pressure should be taken into
consideration when choosing a site for mulch establishment as weed control ajgtions a

limited in a living mulch cropping system, particularly in the establishmesmt y
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CHAPTER 2: CORN AND SOYBEAN PRODUCTION IN A LEGUMINOUS

LIVING MULCH SYSTEM

SUMMARY
Leguminous living mulches have been successfully integrated into corn croppingssystem
in the upper Midwest of the United States. This study evaluated the figasibil
adapting the practice to irrigated cropping systems in the semi-arid \Bjescifically,
different living mulch and annual crops were tested for performance and coffitpatibi
Fruita, CO in 2009. Corn for grain, corn for silage, and soybeans were planted into
stands of alfalfaMledicago sativa), red clover {rifolium pratense), white clover
(Trifolium repens), birdsfoot trefoil Lotus corniculatus), and a mix of red clover and
birdsfoot trefoil that had been established for two years. Fertilitymerds of O, 84,
168, and 252 kg Ranitrogen (N) without a living mulch were also applied to the corn
crops. These were used to generate N response curves and quantify N inputs of living
mulches. All living mulch plots received 84 kgh. Legume N contributions of living
mulch treatments were 69, 46, 45, 32, and 23 Kgftiaalfalfa, white clover, birdsfoot
trefoil, red clover, and a mix of birdsfoot trefoil/red clover, respectivalgprn silage. In
corn grain, N contributions of legume treatments were 52, 43, 23, 20, and 18y ha
white clover, alfalfa, birdsfoot trefoil/red clover mix, birdsfoot trefoil, aed clover,
respectively. Corn silage yields in legume plots ranged from 17.2 to 20.4 MgHile

grain yields ranged from 9.7 to 12.0 Mg*ha legume plots. Soybean yields did not
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respond positively or negatively to the presence of living mulches (average 3545 kg ha
Corn stalk residue, which is commonly grazed, was similar among legumeemésiim

the corn grain plots, while birdsfoot trefoil had the greatest fall yiekBatkg ha.

Living mulch cropping systems may be a viable alternative under irrigatiqgordducers

in the western US.
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INTRODUCTION

Increasing input costs along with environmental conservation issues have create
the need for agricultural research in the area of low-input, sustainable cregpiams.
Cover cropping, tillage reduction, and value-added crops have drawn a great deal of
focus in addressing both environmental and economic concerns. One concept that
embodies and expands upon such ideas is that of a living mulch.

Living mulches are cover crops grown in association with an annual cash crop
(Paine and Harrison, 1993; SAN, 1998; Hartwig and Ammon, 2002). These vegetative
covers are unique in that they are not completely killed prior to planting of the annual
crop like a traditional green manure or cover crop. Rather, growth is temyoraril
suppressed allowing eventual persistence and coexistence of the cover aithuthke
crop throughout the growing season and beyond (Echtenkamp and Moomaw, 1989;
Singer and Pederson, 2005). These mulches can be annuals or perennials and can be
interseeded with the cash crop or established before planting (Singer arsbReder
2005). The use of a perennial cover offers many potential benefits including decrease
wind and water erosion, increased water infiltration, weed suppression, reduced inse
damage, and increased soil organic matter (Echtenkamp and Moomaw, 1989; White and
Scott, 1991; Hartwig, 2004). Another advantage of living mulches is improved nutrient
cycling. All covers provide some nitrogen retention by limiting nitrate leadiinger
and Hartwig, 2004). However, leguminous living mulches offer the greatest potential
fertility improvement through the biological fixation of atmospheric nitrogen (N

Aside from their primary benefits as a mulch, legumes are highly palatadble

increase the forage quality of grazed crop aftermath, such as corn stover, by
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supplementing protein and energy (Zemenchik et al., 2000). This gives livestock
producers the ability to substantially increase the feed value of crops yesinmady be
grazing. In some cases, there is also potential for spring grazing ormoatharvest
before the cash crop is planted.

Several recent field studies on the use of leguminous living mulches for corn
production in the upper Midwest of the US have yielded positive results showing
significant nitrogen additions and subsequent corn yield responses. Albrecli2@09)
found that N additions beyond 22 kqg'hdid not induce a yield response in corn grown
with a kura cloverTrifolium ambiguum) living mulch. This would suggest that the
majority of the N requirement was met by the clover. Studies by both Zhiketal.

(2000) and Affeldt et al. (2004) indicated that corn planted into an established kura clover
living mulch required little to no addition of N fertilizer and experienced nalyiel
reduction.

Conversely, Sawyer et al. (2010) did not report any significant reduction in the N
requirement of corn planted into kura clover in northeast lowa. A lack of yield response
to N fertilization was only found when corn growth was already unaccepiaitgd by
competition with the living mulch. Duiker and Hartwig (2004) also found that N
fertilizer could not be reduced in the presence of leguminous living mulches without
decreasing corn yield. In this case, N contribution by the legumes was oatyaibat
severely deficient levels when corn yield was already depresd¥dibficiency. Their
trials in southeastern Pennsylvania included crown v&oto(illa varia), flat pea
(Lathyrus sylvestris), birdsfoot trefoil Lotus corniculatus), hairy vetch Yicia villosa),

and galegaGalaega officinalis).
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Though less research has been conducted on the potential of living mulches for
soybean production, initial results indicate that seed yields are reducedingariulch
system. Pederson et al. (2009) found that yields in living mulch systems under three
different suppression regimes were lower than those in a clean-tilrsiystehich the
kura clover cover crop was completely killed prior to planting of the annual.

These variable results highlight the need for additional research to determine
optimal management practices for living mulches. Practices will vagodban the
production goals of individual growers and the environments in which they are operating

While living mulches have been tested extensively under rain-fed conditions
(Eberlein et al., 1992, Affeldt et al., 2004; Duiker and Hartwig, 2004; Pederson et al.,
2009), there is a lack of published data on their use in semi-arid environments that require
irrigation. Most of the research to date has been in the upper Midwest and Eastern
United States. Soil types, climatic conditions, insects, weeds, and disesseene the
semi-arid West differ from these humid regions. Thus, research on speea®sand
general management practices for living mulches must be conducted egtbisif the
system is to be adopted by producers in the West. The objectives of this stutly. were

1) Compare corn grain, corn silage, and soybean yields when seeded into different
living mulches.
2) Determine yield effects of leguminous mulch treatments relative tousri

nitrogen fertilization rates (corn) and conventional management with no nitrogen

additions (soybeans).

3) Evaluate the contribution of legumes to the forage value of grazed crop aftermat

(corn harvested for grain).
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MATERIALS AND METHODS

Field testing of established living mulches was conducted at the Colorado Sta
University Western Colorado Research Center (WCRC) at Fruita, Col@ado'(,
10842'W). The WCRC is at an elevation of 1,375 m and gets approximately 21 cm of
precipitation annually. The soil was classified as a Billings sifty [am (fine-silty,
mixed (calcareous), mesic Typic Torrifluvent). The field was irridjatgh furrows set
on 76 cm centers. Water was applied throughout the growing season to meet annual crop
needs.

Experimental Design

The study site had small plots of well-established legumes that weredpiatibe
spring of 2007. The field was composed of three annual crop strips, each of which was
arranged in a randomized complete block with four replications. Strips werel seéte
corn for grain, corn for silage, and soybeans in the spring of 2009. Treatments within
each strip included five different living mulches composed of varying legume
species/combinations and four plots without legumes that were used fawyfertili
treatments. Legume treatments were ‘Foalfglfa (Medicago sativa), ‘Starfire’ red
clover (Trifolium pratense), ‘Kopu II' white clover (Trifoliumrepens), ‘Norcen’ birdsfoot
trefoil (Lotus corniculatus), and a mix of red clover and birdsfoot trefoil (Table 2.1)
Fertility treatments included 0, 84, 168, and 252 kg N kich was applied midseason.
Variable N rates were not applied to the soybeans, since they do not commeg re
midseason nitrogen fertilization. Instead, this strip had four control plots with @ mul

in each replication. Plot dimensions were 4.6 x 15.2 m.
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Table 2.1. Living mulch/fertility treatments
tested at Fruita, CO in 2009.

Treatment Species/Fertility *
Living Mulch 1 Alfalfa
Living Mulch 2 Birdsfoot trefoil
Living Mulch 3 Birdsfoot trefoil + Red clover
Living Mulch 4 Red clover
Living Mulch 5 White clover

Fertility 1 0 kg N ha

Fertility 2 84 kg N hd

Fertility 3 168 kg N ha

Fertility 4 252 kg N hd

* Fertility treatments were not applied to soybeans

Soring Sampling

All plots were evaluated on February 27, 2009 to ensure that legume stands were

adequate and uniform across species. Plots were rated on a scale of 1 to 5 a@ccording

Table 2.2. Soil samples were taken from two of the three strips (soybean amaf corn f

grain) on April 8, 2009 at depths of 0 to 15 cm, 15 to 53 cm, and 53 to 91 cm. This was

done using a truck-mounted Giddings soil probe (Giddings Equipment Company, Inc.,

Windsor, CO). Cores were 75 mm in diameter. Legume aerial phytomass saemgles

obtained from the soybean strip on April 27, 2009 by randomly placing a circular hoop

with a diameter of 67.3 cm into the center of each plot and clipping all plant ahateri

that area to ground level. These samples were dried, weighed, and used to calculate

above ground biomass on a per hectare basis.

Table 2.2. Rating scale for visual evaluation of
legume stands at Fruita, CO in spring 2009.

Rating Description
1 Poor
2 Good
3 Very good
4 Excellent
5 Superior
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Growing Season

Pre-plant fertilization consisted of a broadcast application of mono-ammonium
phosphate (MAP, 11-52-0) to achieve 116.5 kQsha'. This was applied on April 14,
2009. The fertility plots, those without a living mulch, were sprayed with glyphpsate
(phosphonomethyl)glycine] at a rate of 3.8 kg a.&.drApril 19, 2009 to ensure that
they were free of any legumes. This was done using.g@Bsurized backpack sprayer.
The following day, glyphosate was broadcast applied across all pbotsiat of 1.3 kg
a.e. h# using a tractor-mounted boom sprayer. This reduced rate of glyphosate was
applied as a means of living mulch suppression prior to planting of annual crops. The
furrows were cleaned the next day to ensure adequate flow of irrigation \@atéviay
4, 2009, the field was strip-tilled using an Orthman 1tRIPr (Orthman Manufactaogng
Lexington, NE) two-row model. Tilled swaths were 25 cm wide on 76 cm centers,
leaving approximately 50 cm untilled between strips. Upon visual evaluation, it was
decided that tillage was inadequate for planting of annual crops, particalénky white
clover plots which had formed a thick, stoloniferous mat. As a result, all plotsstrigre
tilled a second time the following day, with white clover plots being tillddrd time.

Surprisingly, the white and red clover appeared relatively unaffected byrliee ea
glyphosate application, while the alfalfa and birdsfoot trefoil had no visibEngissue.
For this reason, a broadcast application of paraquat (1,1'-dimethyl-4,4dplpyn-
dichloride) at a rate of 0.8 kg a.i."haas made on May 5, 2009. This was intended to

ensure adequate suppression of mulches and allow time for early growth of aopsial cr
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Varieties and planting dates of annual crops are listed in Table 2.3. Corn and
soybeans were planted at 5 and 4 cm depths, respectively, using a Buffdlplaotar
(Model 7010-6-30, Fleischer Manufacturing, Inc., Columbus, NE).

Table 2.3. Varieties, planting dates, and seeding rates of annual crops tes&td
Fruita, CO in 20009.

Crop Variety Planting Date Seeding rate
(seeds hd)

Corn for Grain Grand Valley Hybrids May 7 88,200
GVH 22R77P

Corn for Silage Grand Valley Hybrids May 7 88,200
GVH 23T53P

Soybeans Northrup King May 29 379,000
S-28-B4
02RM018047

Nitrogen fertility treatments were side-dressed when the corntviias ¥6 to V7
growth stage. This was done by dribbling a urea ammonium nitrate (UAN, 32-0-0)
solution on either side of each corn row through a rolling fluted coulter equipped with a
fertilizer drop tube. All living mulch plots were fertilized at a rate of 84\kgg* while
fertility plots received their designated rates (Table 2.1).

A midseason herbicide application was deemed necessary in the soybean plots
due to competition from the living mulches. Glyphosate (0.6 kg &% nhized with
Activator 90 surfactant (0.3% v/v) and UAN (0.6% v/v) was broadcast applied with a
boom sprayer on July 14, 2009. No midseason herbicide applications were made on the
corn grain or silage plots.

Harvest

Corn silage was harvested on September 9, 2009 with a standard pull-type, two-

row silage chopper (Heston model 2000-18GCO, Duluth, GA). Chopped silage was

blown into a silage truck with a weigh body. Weights were recorded for the nhictzlle
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rows of each six-row corn plot. These weights were used to determine bulk yield.
Samples were taken with a net by periodically putting it under the chute ofatipe si

chopper as the plot was cut. A 600 g subsample was ensiled and later used to determine
percent moisture to calculate yield on a dry matter (DM) basis.

Soybean plots were harvested on October 17, 2009 using a Hege plot combine.
Weights were taken from the center two rows of each plot, and subsamples wece used t
determine moisture. All yields were adjusted to a seed moisture confie2@ gfkg'.

Corn was harvested for grain on October 23, 2009 with a modified Gleaner plot
combine. Plot yields for the center two rows were recorded and adjustecistaren
content of 155 g K§

Corn residue and legume biomass were collected from corn grain plots on
November 10, 2009. This was done by laying a 76 x 76 cm frame flat on the ground at
random locations in the center each plot. The frame was centered on a bed so that it
covered the area from one furrow to the next. All corn residue and legume biomass
within this area was collected by cutting at the ground level. Matersatuizat the edge
of the frame using hand clippers to ensure that only residue within the framekeras ta
Corn residue was later separated into leaf, stem, and cob components, dried, and
weighed. Legume residue was also dried and weighed.

Sample Processing/Analysis
Soil Samples

Soil samples were air dried and ground in a soil grinder (Custom Laboratory

Equipment Inc., Orange City, FL) before being analyzed for ammoniumg'Ntitrate

(NO3), and soil organic matter content (SOM). Nénd NH; concentrations were
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determined using a 2M potassium chloride (KCI) extract (Keeney and Nelson, 1982)
The method was modified such that 25 mL of potassium chloride and 5.0 g of soil were
used, and N@ was determined by reduction to nitrite (Nusing cadmium (Cd)

reduction followed by a flow injection analyzer (FIA) measurement, NbBincentration
was determined by FIA using the automated phenate method (Sparks, 1996). Percent
organic matter was determined using the Walkley-Black method (Walkley anH, Bl

1934) as modified by Sparks (1996).

Plant Samples

Spring legume biomass samples were dried to a constant weight in a forced air
oven at 58C for a minimum of 72 hours. Dry weights were used to calculate potential
spring legume yield on a DM basis.

Corn silage samples were ensiled by putting 600 g of wet material into a 3.8 L
plastic bag (FoodSaver Freezer bags, Sunbeam Products, Inc., Boca Ratdxir Rlas
evacuated from bags, and bags were heat sealed using a kitchen-grade eaberukit s
(Vac Sealer V2220B, Sunbeam Products, Inc., Boca Raton, FL). Sample bags were
stored in black plastic trash bags at room temperatuf€)2dr 90 days before being
opened and dried. This procedure for ensiling small samples was proposed, tested, and
verified by Cherney et al. (2004).

After removal from the sealed bags, silage samples were immediagalyirda
forced air oven at 5& for a minimum of 72 hours. Samples were weighed to calculate
percent moisture, which was used to determine DM yield.

Dried legume and corn silage samples were first ground through a Wiley mill

(Wiley Model 4, Arthur H. Thomas Co., Philadelphia, PA) with a 2 mm screen and
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subsequently through a Cyclone mill (Cyclotec Model 1093, Foss Corp., Eden Prairie,
MN) with a 2 mm screen. The second grinding was done to homogenize patrticle size of
the sample.

Neutral detergent fiber (NDF), acid detergent fiber (ADF), and totalgen
content were determined for all legume and corn silage samples.

NDF/ADF fiber analyses were performed according to the methods descyibed b
Van Soest et al. (1991) using the ANKOM filter bag technique. This method involved
putting ground samples in filter bags which were sealed and digested in an ANKEM fi
analyzer (Model 200, ANKOM Technology, Macedon, NY). All silage and legume
samples were run in duplicate and re-run if the coefficient of variation hetseeeples
was greater than 5%.

Nitrogen concentration was determined via the Dumas combustion method
(Etheridge et al., 1998) using a LECO carbon and nitrogen analyzer (MHdz)@),
Leco Corp., St. Joseph, MI). The percent nitrogen concentration was multiplied by 6.25
to estimate crude protein (CP).

Corn Grain/Soybean Samples

Moistures for corn grain and soybean samples were determined using 8DICK
john seed analyzer (Model GAC2100B, Dickey-john, Inc., Springfield, IL). These wer
used to calculate yields by adjusting to the appropriate moisture content.

Legume Mortality Ratings

Due to an observed lack of recovery by many of the legumes, all plots were
evaluated on April 27, 2010 to determine stand loss. Plots were rated on a scale of 0to 5

with 0O indicating no remaining legumes and 5 being a full, healthy stand (Table 2.4).
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2.4. Rating scale for visual evaluation of legume
mortality at Fruita, CO in spring 2010.

Rating Description
0 No remaining legumes
1 Very few stunted plants
2 Very little ground cover, but some healthy
plants
3 Approximately 50% ground cover
4 Approximately 75% ground cover
5 Full ground cover

Satistical Analysis

Statistical analyses were performed using PROC MIXED in SAS (B8stiute,
2009). Legume establishment and mortality ratings were compared withimangd a
annual crops. These data were analyzed as a split-plot design where the wivade plot
the annual crop, and the split plot was the legume treatment. The random effect was
replication within annual crop. PROC MIXED was used to determine main effects and
interactions of legume treatment and annual crop. All yield, quality, and residue da
were analyzed as a randomized block design with replication as the randararadfec
legume/fertility treatment as the fixed effect. These comparisoressmade within a
given annual crop, not among crops. Soils data were also analyzed using PROT MIXE
where replication, replication by annual crop, and replication by annual crop by
legume/fertility treatment were random effects. Legumefigrtieatment, strip, and
depth were fixed effects, and depth was a repeated measure. Differenees w
recognized as significant at tRe< 0.05 level. When aforementioned effects were found
to be significant, treatment means were separated using LSMEANSI({Si#Ste,
2009).

Either a log or square root transformation was performed when an examination of

the residuals indicated the need. Corn grain yields were log transformedaiihil
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legume biomass and corn leaf residue were square root transformed. In $lesséhea
original data were reported, while the transformations were used to deteliffenences
among treatments.

Nitrogen fertilizer equivalencies for legume treatments weremeted by means
of an inverse prediction based on crop yield response to nitrogen fertilityéraa.
This response was based on a linear regression generated in Microsb{iVix@esoft,
2007). Accordingly, confidence intervals for these estimates were caltalsit

described by Neter et al. (1990).
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RESULTS AND DISCUSSION
Soring Soil Samples

A treatment effect was observed for NHevels in the soil (Table 2.5). Of the
legume treatments, red clover had a higher concentration than birdsfodiiréfhe
birdsfoot trefoil+red clover mix. NH levels in alfalfa and white clover plots were not
significantly different from those of the other treatments. It should be notedtiha
averages are reported for the fertility treatments, no variable raietedilizer had been
applied at the time of spring soil sampling. ThusNéifferences in these treatments
must be attributed to biological nitrogen fixation (BNF) by legumes estabtl@héhese
plots in previous years.

Table 2.5. Effect of living mulches on ammonium (Nif), Nitrate (NO3z), and soil
organic matter (SOM) levels from 0 to 91 cm at Fruita, CO in spring 2009.

NH," NOs SOM
Treatment * (mg kg (mg kg (%)
Alfalfa 3.57ab 8§ 1.85a 2.34 a
Birdsfoot trefoil 3.32b 2.10 a 2.38 a
Birdsfoot trefoil + Red clover 3.18b 2.16a 246 a
Red clover 3.96 a 1.95a 2.54 a
White clover 3.60 ab 1.60 a 272 a
0 kg N h& 3.43b 2.29 a 2.48 a
84 kg N h& 3.32Db 1.73 a 2.39 a
168 kg N hd 3.52 ab 2.19a 2.60 a
252 kg N ha 3.87 a 2.19 a 2.45 a

§ Within columns, means followed by the same lowasecletter are not different at the 0.05 probabilit
level.
* Variable nitrogen rates had not been applieckttility treatments at time of soil sampling.

While there was no annual crop by treatment interaction, the soybean strip did have
higher NH;" levels than the corn grain strip. Averaged across annual crops, NH
concentrations were 4.01 and 3.05 mg kg the soybean and corn grain strips,

respectively. Again, since the annual crops had not been planted at this point, &fferenc
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must be attributed to some other unknown fa No treatment effects were observed
NOs; or SOM levels.

For NH;", NOs', and SOM, there w both a depth effect and annual crogby
depth interaction.The general trenwasa decrease in all three properties as d
increased with two exceptions. While 4" levels declined with increasing depth in
soybean strip, it wasighestat the deepest depiththe corn grain strip (Figure 2.1). T}
can likely be attributed to a decreased rate of nitrifccaat the 5-91 cm depth rathe
than increased deposition of I;". Nitrification is carried out by aerobic bactewaich
would be less populous and less active at lowethdaphere oxygen is limitin¢ The
observed differences across annual crop stripsidmibdue to the presence of st
bedrock that is approximatel mbelow the soil surface, but likely has some valigh
in depth across the field. Since the fielfurrow irrigated, it is posbie that soils ir
areaswith shallow bedroc couldremain saturated and almost devoid of oxyger

prolonged periods of tim

5 1459a$
] 4.02b 4.10b

41 | 344c 325,

179 d

o -

0-15 |15-53|53-91| 0-15 | 15-53|53-21
cm | em | cm | cm | ¢m | cm

NH4* ingkgl)

Soybean Corn Grain

Figure 2.1. Soi ammonium (NH,") concentrations at
015, 1553, and 53-91 cm sampling depths in strips to
be planted in corr for grain and soybeans at Fruita,
CO in spring 20009.

8Means followed by the same lowercase leti are not
different at the 0.05 probability level
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NOjs levels in both annual crop strips declined withttieput the rate of th:
decline differedbetweerstrips(Figure 2.2). This could also be related to vdei
nitrification rates as a result of oxygen availeypi

SOM declined with depth in the corrain strip (Figure 2.3) However, the 1-53
cm depth had the highest level of organic mattéhénsoybean strip. This is surpris
as minimal tillage was used for the previous twarge Based on knowledge of p

management and available data, such an increasetdam explainec

5 A 5
426a
3.88a
.a 4 A 349a 4 A —
2 3.03a§ 3:
tg"" 3 - S 32.63b%
.V =
S 2 1,71b125cd 1.63be & 2
A ' 0.92d 108¢
N | [] - B
0-15 |15-53|53-91| 0-15 |15-53 53-91 0-15 |15-53 |53-91| 0-15 |15-53|53-91
cm cm cm cm cm cm [siny] Ci [siuy] CITl
Soybean Corn Grain soybean Corn Grain

Figure 2.2. Sail nitrate NO3) concentrations  Figure 2.3. Soil organic matter (SOM
at 0-15, 15-53, and 581 cm sampling depths  concentrations at 0-15, 153, and 5:-91 cm

in strips to be planted in corn for grain and samplingdepths in strips to be planteiin corn
soybeans at Fruita, CO in spring 200¢ for grain and soybeans at Fruita CO in spring
8Means followed by the same lowercase lettr  2009.

are not different at the 0.05 probability level 8Means followed by the same lowerca letter

are not different at the 0.05 probability level

Based on visual evaluations, there wer differences in legume stand rats
across annual crop stap White clover stands consistently receivethighest possibl
rating due to their complete ground cc. This species formedwery thick,
stoloniferous mathat proved difficult to cut through with the s-tiller. Thes:
typesof thick sod mats are desirable for erosion corgrml buildup of SOM. Alfalf:
followed byred clover received the second and third highestggwhile treatments th
included birdsfoot trefoil received the lowest ngs
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Table 2.6. Stand ratings for living mulches at Fruita, CO in spring 2009.

Corn Corn
Treatment Silage Soybean Grain Avg.

------------------------- Rating*
Alfalfa 418 4.0 4.0 40bt
Birdsfoot trefoil 2.6 3.0 3.0 29d
Birdsfoot trefoil + Red clover 2.5 2.9 3.1 2.8d
Red clover 3.1 3.3 3.9 34c
White clover 5.0 5.0 5.0 50a
Avg. 35A% 3.6 A 3.8A

* Ratings based on a scale of 1 = poor to 5 =$ope

§The interaction of legume treatment by annual evap not significant at the 0.05 probability level.
tLegume treatment means followed by the same I@asertetter are not different at the 0.05 probabilit
level.

T Annual crop means followed by the same upperedtss are not different at the 0.05 probability
level.

Soring Legumes
The clovers and alfalfa had the greatest biomass production with tredtih&ets
the least (Table 2.7). Singer et al. (2009) also noted poor persistence of bird&fdot tre
after the second year when used as a living mulch. There were no differen&ds in A
values among species, and only trefoil had significantly higher NDF than Wdvtr,c
red clover, and the red clover/birdsfoot trefoil mix. CP was highest for alfadféoaest

for birdsfoot trefoil with no differences among the other treatments.
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Table 2.7. Yield and quality of living mulches at Fruita, CO in spring 2009.

Dry matter
yield
Treatment (kgha')  NDF (%)  ADF (%) CP (%)
Alfalfa 1452 ab § 42.3 ab 324 a 23.1a
Birdsfoot trefoil 1170 bc 46.4 b 36.9 a 153c
Birdsfoot trefoil + red clover 916 c 40.6 a 32.7a 195D
Red clover 1584 a 40.1 a 319a 20.0b
White clover 1730 a 37.2a 29.5a 18.7b

§ Within columns, means followed by the same loasecletter are not different at the 0.05 probabilit
level.

Yield Data

Soybean

No significant differences in soybean yields were observed as a relagtiofe
treatment (Figure 2.4). This was not surprising as soybeans are also leguhags thus
capable of meeting most of their own nitrogen needs. While deficiencies canf doeur
properRhizobium bacteria is not present or some environmental factor limits its activity
(Jones, 2003), no deficiency symptoms were observed in the plot area and would not
have been expected. Because nitrogen was not a yield-limiting factoritragen
contributed by the legumes would not have significantly impacted soybean yield.

There was, however, the potential for reduced yields due to competition with the
perennial. This risk is particularly great in soybeans which accumulate$sastowly
prior to flowering (Pederson and Lauer, 2004). Delayed biomass production along with a
later planting date results in much later canopy formation compared to com. Thi
allowed the mulch more time to recover without competition from the annual. That is
why a light application of glyphosate was made midseason. It seemed to aljequat

suppress the mulches as those treatments did not differ in yield from the conventiona
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Figure 2.4. Effect of living mulch/fertility treatm ents on soybean yields at Fruita, C(
in 2009.

treatment with no living mulch. This finding differedoim Pederson et al. (2009) w
saw no effect of number of glyphosate treatmentsayean yield. In their cas
glyphosate applications of 0.75 kg a.€* were made at planting and 1 week late
planting, 1 week later, and 4 weeks later; and attplgnl week later, 4 weeks later, ¢
6 weeks later. None of these treatments performseaslell as when the mulch w
completely killed with a combination of tilla@and glyphosate. Two kelifferences
between Pederson et al. (2C and the current one were thiaey used a different mulc
crop, kura clover, which is known to be resiliemgtyphosate application (Zemenchik
al., 2000), and less aggressive initial suppres

The midseason glyphosate application was made Bsaadter planting, whic
was determined based on observation of competigtween the soybeans and mu
crops. This situation highlights the advantagepif the necessity, of employing

herbicide-esistant annual cash crop so as to retain -emergence suppression optic
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The advantage of using an herbicide resistant annual crop has been highlighted numerous
times in the literature (Affeldt et al., 2004; Duiker and Hartwig, 2004).
Corn Silage

In the silage trial, the 252 kg ha\ rate yielded the highest followed by the 168
kg ha' N rate, though this treatment was not different from the yield of the alfalfa
treatment (Table 2.8). All of the legume treatments, with the exception of thiobirds
trefoil-red clover mix, yielded higher than the 84 kg thtreatment, indicating that
there was at least some yield increase that resulted from nitrogen ipphésliving
mulches. The alfalfa, birdsfoot trefoil, and white clover treatments, which didffest di
from one another in yield, appear to be promising living mulches in terms of their
positive effects on corn silage yield.

Table 2.8. Effect of living mulch/fertility treatments on yield and qualty of corn
silage at Fruita, CO in 2009.

Dry matter
yield

Treatment (Mg ha') NDF (%)  ADF (%) CP (%)
Alfalfa 20.4 bc § 43.8 bc 26.2 abc 5.3 bc
Birdsfoot trefoil 18.7 cd 44.9 cd 26.9 bcd 4.8c
Birdsfoot trefoil + red clover 17.2 de 47.1 ef 28.2 cde 46 cC
Red clover 17.9d 46.5 def 28.1 cde 4.8c
White clover 18.8 cd 46.0 de 28.0 bcde 5.3 bc
0 kg ha N 13.1f 48.5 f 29.4 e 46¢
84 kg ha N 15.6 e 48.3 f 28.7 de 46¢C
168 kg ha N 21.5 ab 42.7 ab 26.0 ab 5.6b
252 kg hd N 229a 409 a 246 a 6.5a

§ Within columns, means followed by the same loasecletter are not different at the 0.05 probabilit
level.

Treatments containing red clover may have been at a disadvantage in that this was
the third year of perennial legume production. While red clover is botanicabifca

as a perennial, it is known to behave like a biennial (Taylor and Quesenberry, 1996). lItis
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generally accepted that red clover will only be highly productive for two and soegeti
three years (Frame et al., 1998). Recommendations for red clover in a mixgd past
involve interseeding every two to three years to maintain the population ({Babn e
2000). Due to competition and physiological stress from chemical and cultural
suppression, similar guidelines would likely need to be followed in a living mulch
system. This is further supported when examining legume mortality in the spring
2010.

Silage quality factors were influenced by legume and fertilityrireats (Table
2.8). Crude protein was highest in the 252 K§ Rareatment and fell as N fertility rate
was reduced. The positive correlation between N fertility and CP is wdiliss&u
(Cox and Cherney, 2001; Sheaffer et al., 2006) and would suggest higher levels of plant
available N in the alfalfa and white clover treatments. The silage produtesse two
treatments had higher levels of CP than the other living mulches and also tenaddl to yi
high.

There were fewer differences in fiber concentration among treatmems. T
lowest fiber contents were found at the two highest N rates, while ADF of the silage
produced in the alfalfa treatment did not differ from the 168 kKgrate. The NDF value
of the alfalfa treatment was greater than all the other mulches excepoditirtdsfoil.
None of the living mulch treatments differed from one another in ADF. Thesedimite
differences in fiber contents among mulch treatments are not surprigergtat
differences in nitrogen fertility have not been as clearly coretlatéber content as CP.

Thus, while N does play some role in carbohydrate partitioning within the plarafi&he
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et al., 2006), it has a much greater impact on protein levels, of which nitrogen is a
structural constituent (Jones, 2003).
Corn Grain

Among the living mulch treatments, alfalfa and white clover had the higraest g
yields (Table 2.9). However, all living mulch treatment yields exceedeofttfae
conventional treatment with the same N fertilization rate showing the névpagfect
of the living mulches. Total corn residue did not differ among mulch treatments. Only
the alfalfa and birdsfoot trefoil treatments did not exceed the 84 kdlate in terms of
total residue. No differences were observed in production of individual residue

components among mulch treatments.

Table 2.9. Effect of living mulch/fertility treatments on corn grain yield ard crop
residue at Fruita, CO in fall 2009.

Residue

Treatment Grain yield Leaf Stem Cob Total

T (0] ) e ———————
Alfalfa 114b§ 3.2 bc 5.0ab 05a 8.7 bc
Birdsfoot trefoil 9.8c 3.2 bc 3.9 bc 1.3a 8.4 bc
Birdsfoot trefoil + red clover 10.0c 3.3 abc 4.6 ab 10a 9.0b
Red clover 9.7c 3.3 abc 4.8 ab 0.8a 89hb
White clover 12.0b 29c 4.6 ab 1.3a 8.8b
0 kg ha N 6.4 e 2.1d 3.0c 04a 55d
84 kg hd N 85d 2.6cd 33¢c 0.6a 6.6 cd
168 kg had N 14.2 a 3.9ab 5.2a 1.2a 10.3 ab
252 kg hd N 15.1 a 4.1a 53a 20a 11.4 a

§ Within columns, means followed by the same loasecletter are not different at the 0.05 probabilit
level.

Birdsfoot trefoil biomass was significantly higher than all other lezggim the
fall (Table 2.10). However, biomass yield of all legume species was low. lEen t
trefoil accounted for only 5% of the biomass yield recorded in the spring prior to

suppression. This is far below the desired level of production one would hope to see by
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the end of the growing season. Zemenchik et al. (2000) observed an increase in growth
of kura clover under corn during the ear-fill period. This eventually resulted in 60%
ground cover in the winter. To achieve such a level of recovery and subsequent
production with the legumes used in this study, a less aggressive suppressien regim
would have to be adopted.

Table 2.10. Legume biomass after corn grain

harvest at Fruita, CO in fall 2009.
Dry matter yield

Treatment (kg ha®)
Alfalfa 24b 8
Birdsfoot trefoil 293 a
Birdsfoot trefoil + red clover 28b
Red clover Oc

White clover 50b

§ Means followed by the same lowercase letter ate n
different at the 0.05 probability level.

Nitrogen Equivalencies

Corn silage and grain yields relative to nitrogen fertility trests were plotted to
generate nitrogen response curves (Figures 2.5 and 2.6). In both cases, dnshigdati
between N-rate and yield produced a classic nitrogen response curve withatiestgr
slope occurring between the middle two nitrogen fertility rates. The 84 and M8y
rates were then fitted with a linear regression (Figures 2.7 and 2.8) that Was osxke
an inverse prediction of the nitrogen fertilizer equivalency of each legeateent. The
aforementioned N rates were used because the yield means of all living reatotetrts
fell between the means of these two fertility treatments. This pr@dicéinnot be used
as a direct quantification of BNF due to other variables introduced by living nsulche
such as altered soil properties and nutrient competition between crops. Instead, it is

meant to measure the net effect of the living mulch in terms of reduction iniliddert
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required. Nitrogen equivencies of legume treatments are presented in Pable It

should be noted that all legume treatments rece8viekty N hi! as a sid-dress

application.
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Figure 2.7. Linear regression of corn silage yie Figure 2.8. Linear regression of corn grain yielc
on nitrogen fertilizerrate for 84 and 168 kg h™*  on nitrogen fertilizer rate for 84 and 168 kg hi*
rates. rates.

Table 2.11. Nitrogenfertilizer equivalencies of living mulch treatmentsat Fruita,
CO in 2009 based on yield response to N fertilizan.

Living Mulch Treatment Cor_n_ Silage I_\litrogen Cor_n_ Grain Nitrogel
Fertilizer Equivalency Fertilizer Equivalency
Including N Legume Including Legume
fertilizer*  Contribution N fertilizer Contributior
------------------------- T o
Alfalfa 153 +51 69 127 + 49 43
Birdsfoot trefoll 129 + 49 45 104 £ 49 20
Birdsfoot trefoil + red 107 + 49 23 107 + 49 23
clover
Red clover 116 £ 48 32 102 + 49 18
White clover 130 + 49 46 136 + 49 52

* All living mulch treatments included 84 kg N applied at the same time as the fertility treatrs.
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The confidence intervals surrounding estimates of nitrogen ferdqmévalencies
were relatively large (Table 2.11). This is the result of making an inversetpyadin a
line with a relatively flat slope. The intervals on the y-axis (yietd)exaggerated on the
x-axis (N-rate). As a result, no significant differences were found among imulch
treatments.

Legume Mortality

There was no interaction between legume treatment and annual crop in terms of
legume mortality (Table 2.12). The soybean treatment had the least renhaguinggs.
This was likely due to the mid-season glyphosate application followed by thatimnm
of a thick soybean canopy that outcompeted the perennial legumes for lighita Aifd
birdsfoot trefoil had the most remaining plants, though even these averaged only about
50% ground cover. White clover had very few remaining plants, and no red clover plants
persisted. The mix of birdsfoot trefoil and red clover had only trefoil at this poisedBa
on these evaluations, only the trefoil following corn and possibly the alfaléaviab
corn were deemed suitable for continued use as a living mulch without reseeding. Even
these stands did not have as much regrowth as desired. Based on these results, it would
appear that the broadcast application of glyphosate followed by paraguabwas t

aggressive to maintain any of these species, particularly the clovels/iag enulch.
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Table 2.12. Legume mortality ratings at Fruita, CO in spring 2010.

Corn Corn
Silage Soybean Grain Avg.
------------------------- Rating *----------=-=-=-----

Alfalfa 3.38 2.0 3.0 28at
Birdsfoot trefoil 3.8 2.0 3.5 3.1a
Birdsfoot trefoil + Red clover 1.5 1.0 1.3 1.3b
Red clover 0.0 0.0 0.0 0.0d
White clover 1.0 0.3 0.8 0.7c
Avg. 19A¢ 1.1B 1.7 A

* Mortality based on a scale of 0 = no legumes tofGll ground cover.

§The interaction of legume treatment by annual evap not significant at the 0.05 probability level.
tLegume treatment means followed by the same I@asertetter are not different at the 0.05 probabilit

level.

T Annual crop means followed by the same upperedtsr are not different at the 0.05 probability

level.
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CONCLUSION

This research demonstrated the potential for leguminous living mulchekitere
N fertilizer inputs to corn. Living mulches tended to increase corn ygtds and
silage) beyond those of conventional corn with the same rate of N fertilizdwion.
soybeans, no yield effects (positive or negative) were observed from living mulc
treatments. In this study, all legume residue was minimal and wouldkelgtdontribute
significantly to the forage quality of grazed corn stover. Legume morntadisyhigh and
variable by species. If suppression methods could be determined that allow higher
survival of legumes, greater fall grazing benefits may exist. &Vagults suggest that
living mulch cropping systems may be a viable alternative under irrigattqggrdducers
in the semi-arid West, additional trials are needed. Future researchrégitme should
focus on spring suppression regimes to effectively reduce competition withrnihal a

while maintaining the perennial mulch crop.
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CHAPTER 3: CHEMICAL SUPPRESSION OF ESTABLISHED LEGUMINOUS

LIVING MULCHES

SUMMARY
One of the greatest challenges in maintaining a living mulch as a pereowvealcrop is
adequately suppressing the mulch to minimize annual cash crop losses while magintaini
an acceptable stand of the perennial. The goal of this study was to detehmiherw
established perennial legumes including birdsfoot treffaius corniculatus), white
clover (Trifoliumrepens), and a mix of white clover, red clovélr{folium pratense), and
kura clover Trifolium ambiguum) could be suppressed with paraquat (1,1'-dimethyl-4,4'-
bipyridylium-dichloride) or glyphosatéNF(phosphonomethyl)glycine] for use as living
mulches in corn. Variable suppression treatments were applied prior to corn pdnting
two sites, one irrigated with a linear drive sprinkler system and the othewfurrigated.
Treatments included: paraquat at 0.7 kg af. &rad glyphosate at 1.0, 1.5, and 2.0 kg a.e.
ha'. All of these were followed by a mid-season application of glyphosate at 1.6.kg a
ha'. Corn grain yields, corn residue biomass, and legume biomass were collected in the
fall. Legume by suppression treatment interactions occurred for all effénetsrs at the
sprinkler irrigated site. At the furrow irrigated site, corn graitdgién the birdsfoot
trefoil treatment averaged 13.2 Mghavhich was greater than white clover and the
clover mix, yielding 11.9 and 11.8 Mg harespectively. Fall legume biomass yields of

birdsfoot trefoil, white clover, and clover mix were 11, 343, and 320 Kgreapectively.
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No legume treatment effects were found on corn residue accumulation, and sappressi
treatment did not have any effect on grain yield, residue biomass, or legumedioma
These results indicate that birdsfoot trefoil was the least competitiree@rnn, but may

be unsuitable for use as a living mulch due to its lack of tolerance to glyphossteer F

it appears that even modest recovery of legumes during the growing sea#isrirres
some corn yield reduction. Increasing the rate of glyphosate to 2.0 kg adid et
appear to decrease clover biomass except for white clover at one site. Thighehe
initial rates could likely be used for weed control without increasing irtiutige clover

living mulch.
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INTRODUCTION

Increasing input costs along with environmental conservation issues have create
the need for agricultural research in the area of low-input, sustainable cregpiams.
Cover cropping, tillage reduction, and value-added crops have drawn a great deal of
focus in addressing both environmental and economic concerns. One concept that
embodies and expands upon such ideas is that of a living mulch.

Living mulches are cover crops grown in association with an annual cash crop
(Paine and Harrison, 1993; SAN, 1998). These vegetative covers are unique in that they
are not completely killed prior to planting of the annual crop like a traditionah gree
manure or cover crop. Rather, growth is temporarily suppressed allowing ¢ventua
persistence and coexistence of the cover with the annual crop throughout the growing
season and beyond (Echtenkamp and Moomaw, 1989; Singer and Pederson, 2005).
These mulches can be annuals or perennials and can be interseeded with the cash crop or
established before planting (Singer and Pederson, 2005). The use of a perennial cover
offers many potential benefits including decreased wind and water erosions@ttrea
water infiltration, weed suppression, reduced insect damage, and increasegbsid or
matter (Echtenkamp and Moomaw, 1989; White and Scott, 1991; Hartwig, 2004).
Another advantage of living mulches is improved nutrient cycling. All covers provide
some nitrogen retention by limiting nitrate leaching (Duiker and Hgr&@D4).

However, leguminous living mulches offer the greatest fertility improvesirough
the biological fixation of atmospheric nitrogen.

Aside from their primary benefits as a mulch, legumes are highly palatadble

increase the forage quality of grazed crop aftermath, such as corn stover, by
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supplementing protein and energy (Zemenchik et al., 2000). This gives livestock
producers the ability to substantially increase the feed value of crops#yegiready be
grazing. In some cases, there is also potential for spring grazing ostiaef@e the
cash crop is planted.

The most obvious and inherent obstacle in this system is the challenge of
managing competition between two crops in the same field at the same timelatikie r
importance of the cash and mulch crops will be specific to the individual producer, but
maintenance of cash crop yields will likely be a priority for most grew

Suppression of living mulches can be achieved through cultural practices, sub
lethal rates of herbicide, or a combination of the two (Singer and Pederson, 2005). Both
Affeldt et al. (2004) and Zemenchik et al. (2000) grew corn in a kura cloxiéol {um
ambiguum) living mulch with no whole plant or grain yield loss when adequate
suppression was employed. Even with the necessary level of suppression, both studies
found that the clover was able to recover to full production within 12 months of corn
harvest. Affeldt et al. (2004) observed the highest corn yields when kura was segpres
using a preplant combination of glyphosatie(phosphonomethyl)glycine] and dicamba
(3,6-dichloro-2-methoxybenzoic acid) followed by a postplant application of dicamba
and clopyralid (3,6-dichlor-2-pyridinecarboxylic acid) in a 25 cm band. Later,
glyphosate or glufosinate [2-amino-4-(hydroxymethylphosphinyl) buton) a@s
applied at the V3 to V5 growth stage of the corn. Zemenchik et al. (2000) were most
successful with glyphosate band-applied in 61 cm strips over the corn row pgeroge
followed by a post-emergence band application of dicamba. More recent studies on the

use of kura clover as a living mulch in corn have used glyphosate either as a component
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of their chemical suppression regime (Sawyer et al., 2010; Ochsner et al., 201eor as
sole herbicide suppressant (Singer et al., 2010). Strip or minimum tillagésbdseen
successfully employed as a means of additional mulch suppression in conjundtion wit
atrazine (2-chloro-4-ethytlamino-6-isopropylamine-1,3,5-triazatglanting (Fischer

and Burrill, 1993).

While these results are encouraging, it must be emphasized that kura isrideal f
use as a living mulch due to its resilience after stresses such as herptickgtian
(Zimenchik et al., 2000). However, poor seedling vigor (Singer and Pederson, 2005) and
slow establishment (Speer and Allinson, 1985; Seguin et al., 2001) can be major
obstacles to the adoption of this crop. Thus, other mulch crops, which may require
different management strategies, should be tested.

Duiker and Hartwig (2004) evaluated several mulch crops including crown vetch
(Coronilla varia), flatpea Lathyrus sylvestris), birdsfoot trefoil [otus corniculatus),
hairy vetch Vicia villosa), and galegaGalaega officinalis) grown with corn. They
found that crown vetch, birdsfoot trefoil, and flatpea could be suppressed sufficeently
maintain corn yields, but flatpea and birdsfoot trefoil required periodic reseetims,
the lack of resilience in these crops prevented continued production of the mulches.
While numerous chemical suppression regimes were investigated from 1994 to 2000,
they concluded that crownvetch and birdsfoot trefoil can be managed with a program
based on glyphosate.

Alfalfa (Medicago sativa) has also been tested as a living mulch in corn with
several suppression regimes (Eberlein et al., 1992). Under irrigation, pawpatssion

of alfalfa at planting by applying atrazine either in 38 cm bands (lethjlonate the corn
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row or as a broadcast application (sub-lethal rate) resulted in simifagiain yields.

Further, no yield losses were observed when compared to monoculture corn planted after
killed alfalfa. Dry weight reduction of alfalfa when compared to an unsuppresstedic
treatment was less in the broadcast application than in the band treatment. The
conclusion was that a uniform application provided better suppression than band killing
over the corn row.

These findings on the timing, application methods, chemicals, and rates used for
suppression of different mulch species can be used as the basis for continuel. résearc
is particularly important to test management practices such as these tiiedentdi
environmental conditions. While living mulches have been tested extensively under rain
fed conditions (Eberlein et al., 1992; Affeldt et al., 2004; Duiker and Hartwig, 2004;
Pederson et al., 2009), there is a lack of published data on their use in semi-arid
environments that require irrigation. Most of the research to date has comadrom t
upper Midwestern and Eastern US. Soil types, climatic conditions, inseets$s,vemd
disease pressure in the semi-arid West differ from these humid regions. eBeascin
on species selection and general management practices for living swmnakebe
conducted in this region if the system is to be adopted by producers in the western US.
The objectives of this study were to:

1) Evaluate different chemical suppression regimes in terms of theirsefiect

the survival of leguminous living mulches.
2) Determine the effects of living mulches under variable rates of glyghasdt

paraguat suppression on corn grain yield and residue composition.
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MATERIALS AND METHODS

Two fields were used to test different chemical suppression regimessprihg
of 2010. Legumes at these sites were seeded in the spring of 2009 as part of the co-
establishment studies discussed earlier in chapter 2. The studyesiécdloeated at the
Colorado State University Agricultural Research, Development, and Educatiter Ce
(ARDEC) about 6 km south of Wellington, CO f380’'N, 10459'W) at an elevation of
1554 m. Both were irrigated, one with a linear drive sprinkler system and the other with
furrow irrigation from gated pipe. All subsequent references to the two sltdewi
made by the type of irrigation they received. The soil at the sprinkler edgae was
classified as a Fort Collins loam (fine loamy, mixed, mesic Aridic Hagdfysthile at
the furrow irrigated site, soil was classified as a Garrett loare-([bamy, mixed,
superactive, mesic Pachic Argiustoll). ARDEC receives approximatedyn3¥
precipitation annually. However, the study sites were irrigated accordimgt@lecrop
needs throughout the growing season. Average monthly temperatures rang&fiom 0O
January to 2Z in July.
Experimental design

Legumes tested at both sites included birdsfoot trefoil, white cldveoljum
repens), and a mix of red clovef(ifolium pratense), kura clover, and white clover that
were planted in spring 2009. Legumes are listed along with varieties and sagelng
(Table 3.1).

The sprinkler irrigated site consisted 4.6 x 10.7 m plots, which were split into
three 16-plot blocks. These were used as the three replications for this stcks Had

been seeded with corn, spring oats, and corn interseeded with spring oats the previous
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Table 3.1. Species, varieties, and seeding rates of legumes used in
suppression study at sprinkler and furrow irrigated sites in 2010.

Species Variety Seeding Rate-
Pure Live Seed

(kg ha')

Birdsfoot trefoll Leo 6.7

White clover Kopu I 4.5

Kura clover (in mix)  Variety not stated 5.6

Red clover (in mix) Starfire 3.4

White clover (in mix) Kopu Il 2.2

year, during which all legumes were successfully established. Ttevial laid out in a
split plot design where the spray treatment was the whole plot and the legatmeetrt
was the split plot. Variable rates of glyphosate and paraquat (1,1'-dimgthyl
bipyridylium-dichloride) were applied in the spring in order to suppress thehesufwrior
to corn planting (Table 3.2).

Table 3.2. Suppression treatments applied

to living mulch plots at sprinkler and
furrow irrigated sites in spring 2010.

Treatment Herbicide Rate *
1 Glyphosate 1.0 kg a.e.’ha
2 Glyphosate 1.5 kg a.e.’ha
3 Glyphosate 2.0 kg a.e.’ha
4 Paraquat 0.7 kg a.i. ha*

* a.e. = acid equivalency

a.i. = active ingredient
** Paraquat was applied at the sprinkler irrigaséed
only.

Legume treatments and plot dimensions at the furrow irrigated site werneatlent
to those described at the sprinkler irrigated site. However, the experimesigh
differed. In this case, the field was laid out in a randomized block design with four
replications. The glyphosate rates were the same as the springletenlrsite, but there
was no paraguat treatment (Table 3.2). This site also differed in that it only had one
treatment with no legumes, which was considered the control. This was tretited wi
glyphosate at 2.0 kg a.e."hfor weed control. Chemical suppression treatments were
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applied on the mornings of May 21 and 22, 2010 at the sprinkler and furrow irrigated
sites, respectively. Herbicides were applied at approximately 200 kRpauSiB-
pressurized backpack sprayer with wide angle flat spray tips (TT VP 11004t Tee
Technologies, Wheaton, IL). All glyphosate rates and paraquat (sprinideted site

only) were applied with 94 L water ha Glyphosate concentrations were adjusted in mix
bottles, and ground speed was kept constant. The ambient temperature {@svitB.1

an average wind speed of 0.6 krit lat the sprinkler irrigated site. At the furrow

irrigated site, ambient temperature was @ with an average wind speed of 3.7 krit.hr
Spraying at both sites began between 6:30 and 7:00 am. The center 3.0 m of each plot
was sprayed. After applying treatments to the middle of each plot, the outemezige
sprayed with glyphosate at a rate of 1.5 kg a.@. fBirdsfoot trefoil, white clover, and

the clover mix were approximately 10, 12, and 25 cm tall, respectively.

Both sites were strip-tilled on May 24, 2010. An Orthman 1tRIPr (Orthman
Manufacturing Inc., Lexington, NE) six-row model was used to till 33 cm strips on 76 cm
centers at the sprinkler irrigated site. An Orthman 1tRIPr twomadel was used at the
furrow irrigated site to till 25 cm strips on 76 cm centers. A narrower tillga\sas
required at the furrow-irrigated site in order to maintain some leguaveth on the
edges of the raised beds. Producers Hybrids ‘5004VT3’ glyphosate resistasmdorn
Croplan Genetics ‘421RR2’ glyphosate resistant corn were plantedsyrthkler and
furrow irrigated sites, respectively, immediately after tillingori€was planted to a depth
of 3.8 cm at a population of 80,300 seed$ hising a 6-row no-till corn planter

(Monosem NG+ Mounted Planter, Monosem Inc., Edwardsville, KS). Planting into the
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tilled strips ensured that six rows of corn were planted in the width of each gidheit
center four of those falling in the treated area.

Irrigation at the sprinkler irrigated site began on June 2, 2010 and continued
throughout the growing season on a weekly basis. The quantity of water was adjusted t
meet crop needs (Table 3.3).

Table 3.3. Sprinkler irrigated site:
irrigation timing and quantity in

2010.

Date Irrigation (cm)
June 2 2.5
June 10 2.5
June 24 3.2
July 1 3.8
July 8 3.8
July 16 3.8
July 22 3.2
July 29 3.8
August 5 3.2
August 12 3.8
August 19 3.2
August 26 3.2
September 2 3.2
September 9 3.2
Total 43.2

The furrow site was irrigated on an as needed basis beginning on June 4, 2010.
Dates and durations of irrigation events are listed in Table 3.4. Irrigation fuweve
cleaned on June 3 and July 2, 2010 using a three-row ditcher with shovels and trailing
cans. This was done both as a means of weed control and to ensure proper movement of
water during irrigation.

Corn was side-dressed with 112 kg N'fia the form of 32-0-0 on June 21, 2010.
A midseason herbicide application was also deemed necessary due to waed.press

This was made on July 6, 2010 as a broadcast application over all plots. Glyphosate was
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applied at a rate of 1.0 kg a.e:*haith 150 L water hd using a tractor-mounted boom

sprayer.
Table 3.4. Furrow irrigated site: 2010
irrigation timing and duration in 2010.
Date Duration (hours)
June 4 6.0
June 24 7.0
July 2 5.0
July 16 6.0
July 30 6.0
August 16 5.0
August 30 5.0
September 16 7.0

Harvest

Due to severe bird damage that occurred in some areas of both study sites late i
the season, all plots were rated for percent loss to bird damage. This was done by
randomly selecting ten ears from the middle two rows of each plot and estirhating t
percent of total grain lost from each ear. All the percentages for a givemgoothen
averaged and used to adjust plot yields to estimate full yield potential in theeabgenc
bird damage. While field averages for bird damage were relatively low (1®armd the
sprinkler and furrow irrigated sites, respectively), this was deemedsagalue to
variability in the extent of damage across the plot areas. Bird danaggs naere
recorded immediately prior to corn harvest.

Corn was harvested for grain on October 27, 2010 using a combine (JD 3300,
John Deere, Inc., Moline, IL) equipped with a yield monitor. Three of the center four
rows were harvested from each plot. Ag Leader 10.50 (Ag Leader Technologyg, Am
IA) software was used to record moisture and weight averages. Coordinakes for t

corners of the plot area at each site were recorded, and Maplinfo Profeg€lona
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(Mapinfo Corp., Troy, NY) was used to generate a plot map that was overlaid on the
yield map to calculate yield averages for each plot. Plot yields wevedezl and
adjusted to a moisture content of 155 & kg
Residue and legume biomass collection

Residue was collected from corn grain plots on October 28-30, 2010 and
November 4-6, 2010 at the furrow and the sprinkler irrigated sites, respgctiles
was done by laying a 76 x 76 cm frame flat on the ground in the center of each plot. The
frame was centered on a bed so that it covered the area from one furrow ta.th&linex
corn residue, legume, and green weed biomass within this area was collzesextated
or partially decomposed legume and weed material was discarded. Matsraltvad
the edge of the frame using hand clippers to ensure that only residue withimtaeviaa
collected. Legumes and corn stubble were cut at ground level using hand clippers
residue was later separated into leaf, stem, and cob components. Corn components,
legumes, and weeds were dried to a constant weight in a forced air ové@ &arsd
minimum of 72 hours. Dry weights were then used to calculate corn residue, legume
biomass, and weed biomass on a per hectare basis.
Satistical analysis. sprinkler irrigated site

PROC MIXED in SAS (SAS Institute, 2009) was used to determine the effect of
legume and spray treatments on annual crop yield, corn residue components, and fall
legume and weed biomass. Data were analyzed as a randomized block desigplwith a s
plot treatment structure where spray treatment was the whole plot, and |legatment
was the split plot. Block and block interactions were random effects. Legume and

suppression treatments were considered fixed effects. Treatments vatjuntelwere
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omitted from comparisons of legume residue. Differences were recogszgghificant
at theP < 0.05 level. If legume or suppression treatment effects were found to be
significant, treatment means were separated using LSMEANS (SAiDtins2009).

Transformations were performed when an examination of the residuals éxadicat
the need. Square root transformations were required to homogenize variances of fall
legume and weed biomass. In these cases, the original data were reported, and the
transformation was used to determine differences among treatments.

Satistical analysis: furrow irrigated site

PROC MIXED in SAS (SAS Institute, 2009) was used to determine the effects of
legume and spray treatments on annual crop yield, corn residue components, and fall
legume and weed biomass. Data were analyzed as a randomized block design. The
control treatment (with no legume) was omitted. Block was the random, efifelct
legume and suppression treatments were considered fixed effects.

Dunnett’s Test was then used to compare each individual treatment
(legume/suppression combination) to the control. Differences were reab@size
significant at thd® < 0.05 level. If legume or suppression treatment effects were found to
be significant, treatment means were separated using LSMEANSI(S#8te, 2009).
Either log or square root transformations were performed when necessanyst€n
residue, legume biomass, and weed biomass were square root transformedathile tot
corn residue was log transformed. The appropriate transformation wasidetebased
on the spread of the residuals. Transformations were used to determineriteatm

differences, but original data were reported.
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RESULTS AND DISCUSSION

Sorinkler irrigated site

An interaction between legume species and suppression treatment occurred for
corn grain yield (Table 3.5). No legume treatment effects were found lainteetwo
rates of glyphosate. At the highest rate of glyphosate, corn yieldwas ih white
clover mulch than in birdsfoot trefoil mulch and the conventional treatment. The
conventional treatment out-yielded the clover mix when treated with paraquat.
Suppression treatment had no effect on the white clover and conventional treatments.
However, the clover mix yielded lowest in the paraquat treatment. The tiefdil
tended to decline with decreasing glyphosate rate and was low in the paraagnaent.

Table 3.5. Sprinkler irrigated site: effect of living mulches on corn gran yields in
2010.

Paraquat
(rate in kg
Glyphosate (rate in kg a.e. Ha a.i ha')
1.0 1.5 2.0 0.7 Avg.
--------------------------- DM yield (Mg ha')---------------=---eeee—-
Birdsfoot trefoil 13.0aB § 15.3 aAB 16.4 aA 12.9 abB 14.4
Clover mix 15.4 aA 15.1 aA 14.0 abA 10.4 bB 13.7
White clover 15.6 aA 13.6 aA 13.1 bA 12.9 abA 13.8
Conventional (no legume) 15.1 aA 15.6 aA 16.3 aA 15.6 aA 15.6
Avg. 14.8 14.9 14.9 13.0

§The interaction of legume treatment by annual evap significant. Legume treatments followed by
the same lowercase letter are not different whgtay treatments followed by the same uppercaser lett
are not different. All differences were declaregh#icant at the 0.05 probability level.

Based on visual evaluations prior to the Jifhb6oadcast glyphosate application,
the burn-down treatment appeared to be ineffective at suppressing any of the mulc
species. It is likely that the legumes had too much biomass accumulationiraietioé t
spring suppression resulting in incomplete spray coverage and the loss of only the upper

part of the canopy. Recovery of both the clover treatments and birdsfoot trefoil were
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very rapid, and the corn appeared stunted and chlorotic soon after emergence.r The late
glyphosate application was effective at not only controlling weed competitionsbut a

the competition from inadequately suppressed legumes. This early season campetiti
could easily explain yield losses in the burn-down treatments for the cloxemahi

trefoil.

Legume by suppression treatment interactions also occurred for both total corn
residue and corn leaf residue (the component with the greatest forage quahtlg.th&/
interaction for total residue cannot be completely explained, it can be noted thathfor
clover treatments, burn-down suppression resulted in the least amount of corn residue
(Table 3.6). This trend was also evident to a lesser extent in leaf residue TbINo
treatment effects or interactions were found for corn stem (Table 3.8) cdatamEt
shown) residue.

Table 3.6. Sprinkler irrigated site: effect of living mulches on total corrresidue in
fall 2010.

Paraquat
(rate in kg
Glyphosate (rate in kg a.e. Ha a.i ha')
1.0 1.5 2.0 0.7 Avg.
--------------------------- DM yield (Mg ha')-------------meemmmm -
Birdsfoot trefoil 9.1bA 8 9.2 bA 11.2 aA 10.6 aA 10.0
Clover mix 9.2 abAB 9.8 bA 10.6 aA 6.9 bB 9.2
White clover 11.4 aA 8.8bBC 11.1 aAB 8.1 bD 9.9
Conventional (no legume) 8.9 bB 12.3 aA 95aB 10.5aAB 10.3
Avg. 9.6 10.1 10.6 9.0

§The interaction of legume treatment by annual evap significant. Legume treatments followed by
the same lowercase letter are not different whgtay treatments followed by the same uppercaser lett
are not different. All differences were declaregh#icant at the 0.05 probability level.
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Table 3.7. Sprinkler irrigated site: effect of living mulches on corn laf residue in
fall 2010.

Paraquat
(rate in kg
Glyphosate (rate in kg a.e. Ha a.i ha')
1.0 1.5 2.0 0.7 Avg.
------------------------- DM yield (Mg ha')-------------=-=-=-————-
Birdsfoot trefoil 3.7aA § 3.6bA  43abA  39abA 39
Clover mix 35aAB  4.1abA  4.2DbA 2.8 dB 3.7
White clover 4.0 aB 3.9bB 5.2 aA 3.3 bcB 4.1
Conventional (no legume) 3.7aB 5.1 aA 4.1 bAB 4.3 aAB 4.3
Avg. 3.7 4.2 4.4 3.6

8The interaction of legume treatment by annual evap significant. Legume treatments followed by
the same lowercase letter are not different wigta treatments followed by the same uppercaser lett
are not different. All differences were declarggh#icant at the 0.05 probability level.

Table 3.8. Sprinkler irrigated site: effect of living mulches on corn sta residue in
fall 2010.

Paraquat
(rate in kg
Glyphosate (rate in kg a.e. Ha a.i ha')
1.0 1.5 2.0 0.7 Avg.
------------------------- DM yield (Mg ha')-----------------==mm=-
Birdsfoot trefoil 348 3.4 4.1 3.7 3.77%
Clover mix 3.3 4.0 3.9 2.6 3.5
White clover 3.7 3.4 3.7 2.5 3.3
Conventional (no legume) 3.2 4.2 3.6 3.8 3.7
Avg. 3.4 7% 3.8 3.8 3.1

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.
T The effect of legume treatment was not significarthe 0.05 probability level.
T The effect of spray treatment was not significatrthe 0.05 probability level.

Fall legume biomass was also influenced by the interaction of legume speties
herbicide treatment (Table 3.9). Trefoil survival was only apparent in the paraqua
treatment suggesting that trefoil’s tolerance to glyphosate in a lnirigh system is still
very low in the second year after establishment. However, Boerboom et al. (1990) noted
a wide range of glyphosate tolerance among birdsfoot trefoil selectionsfrecurrent
selection breeding program that included ‘Leo’ birdsfoot trefoil. A threefofdrdiice

in the rate of glyphosate required to reduce fresh weight by 5gPavéls found among
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Table 3.9. Sprinkler irrigated site: legume biomass after corn grain harvesn fall
2010.

Paraquat
(rate in kg
Glyphosate (rate in kg a.e. Ha a.i ha')
1.0 1.5 2.0 0.7 Avg.
-------------------------- DM yield (kg ha')----------------------—-
Birdsfoot trefoil ObB 8§ 0 bB 0 bB 50 aA 12
Clover mix 70 aA 39 aA 47 aA 47 aA 51
White clover 37 aA 43 aA 1 bB 1bB 20
Avg. 36 27 16 33

§The interaction of legume treatment by annual evap significant. Legume treatments followed by
the same lowercase letter are not different wigtays treatments followed by the same uppercaser lett
are not different. All differences were declaregghdicant at the 0.05 probability level.

nine selections previously tested in the field (Boerboom, 1989). The biomass of these
selections ranged from 16 to 54% of an untreated control when evaluated as ramets 14
days after treatment with 0.5 kg haf glyphosate. Even the two selections of ‘Leo’
tested ranged from 26 to 45% making them ff@@d 6" most tolerant among all
selections tested. This tolerance was attributed to the specificyaofi®it
enolpyruvylshikimate 3-phosphate synthase (EPSPS). Thus, suitabilitjodfftreuse
as a living mulch suppressed with glyphosate would likely differ among cultivars

No treatment effect was found on fall legume biomass of the clover mix, while
white clover biomass was lower at the highest rate of glyphosate and in thaolurn
treatment (Table 3.9). The very limited survival of white clover treatdd paitaquat
was surprising as it recovered significantly less than both the clovaeardiiefoil in
that same suppression treatment. This would not likely be attributed to theasah-se
glyphosate application as white clover appears to have much greater gigpgbtesance

compared to birdsfoot trefoil.
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Fall weed biomass was greater in the birdsfoot trefoil treatment tharotez cl
mix and conventional treatments (Table 3.10). Suppression treatment had noreffect
fall weed biomass.

Table 3.10. Sprinkler irrigated site: weed biomass after corn grain harvesh fall
2010.

Paraquat
(rate in kg
Glyphosate (rate in kg a.e. Ha a.i ha')
1.0 15 2.0 0.7 Avg.
------------------------- DM yield (kg ha')----------------mmmnm-
Birdsfoot trefoil 38 11 6 5 6at
Clover mix 1 2 2 1 2b
White clover 3 14 6 0 6 ab
Conventional (no legume) 3 0 3 2 2b
Avg. 3% 7 4 2

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.
tLegume treatment means followed by the same I@asertetter are not different at the 0.05 probabilit
level.

T The effect of spray rate was not significantat®.05 probability level.

Furrow irrigated site

An effect of legume treatment on corn grain yield was found at the furrow
irrigated site with corn grown in birdsfoot trefoil yielding significarttigher than in
both clover treatments (Table 3.11). This was not true of total corn (Table 3.&R), ste
(Table 3.13), leaf (Table 3.14), or cob (data not shown) residue, in which there were no
effects of either legume or suppression treatments on biomass production. Ghefeffe
legume species on grain yield can likely be related to its inverseorelaip with fall
biomass production. Legume biomass was significantly greater in the claterdngs
(Table 3.15) with trefoil averaging only 3% of the white clover and clover mmass.
Since competition between the crops is a likely cause of yield reductions, tke dyigim
yield in the trefoil treatment, which was completely killed, is not surprisifigere was

no effect of either legume or suppression treatment on fall weed biomass (Table 3.16).
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Table 3.11. Furrow irrigated site: effect of living mulches on corn grain yield in
2010.

Glyphosate (rate in kg a.e. Ha

1.0 1.5 2.0 Avg.
--------------------- DM yield (Mg ha®)--------------------
Birdsfoot trefoil 1258 13.8 13.4 13.2at
Clover mix 11.0 12.1 12.4 11.8b
White clover 11.3 12.1 12.4 119b
Avg. 116 12.7 12.7

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.
tLegume treatment means followed by the same I@asertetter are not different at the 0.05 probabilit
level.

T The effect of spray rate was not significantat®.05 probability level.

Table 3.12. Furrow irrigated site: effect of living mulches on total corn radue in
fall 2010.

Glyphosate (rate in kg a.e. Ha

1.0 1.5 2.0 Avg.
--------------------- DM yield (Mg ha')--------------------
Birdsfoot trefoil 8.28 10.7 9.4 94 ¢
Clover mix 7.8 8.1 10.5 8.8
White clover 8.3 9.3 10.3 9.3
Avg. 8.11% 9.3 10.0

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.
T The effect of legume treatment was not signifiadrthe 0.05 probability level.
T The effect of spray rate was not significantat®.05 probability level.

Table 3.13. Furrow irrigated site: effect of living mulches on corn stem reésue in
fall 2010.

Glyphosate (rate in kg a.e. Ha

1.0 1.5 2.0 Avg.
--------------------- DM yield (Mg ha®)--------------------
Birdsfoot trefoil 3.48 3.6 3.6 357t
Clover mix 3.2 3.4 3.8 3.5
White clover 2.9 3.3 3.4 3.2
Avg. 3.2 % 3.4 3.6

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.
T The effect of legume treatment was not signifiearthe 0.05 probability level.
T The effect of spray rate was not significantat®.05 probability level.
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Table 3.14. Furrow irrigated site: effect of living mulches on corn leaf redue in
fall 2010.

Glyphosate (rate in kg a.e. Ha

1.0 1.5 2.0 Avg.
--------------------- DM yield (Mg ha®)--------------------
Birdsfoot trefoll 3.48 3.5 3.5 34+%
Clover mix 3.0 3.3 3.9 3.4
White clover 3.2 3.3 3.6 3.4
Avg. 3.2 % 3.4 3.7

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.
T The effect of legume treatment was not significarthe 0.05 probability level.
T The effect of spray rate was not significantat®.05 probability level.

Table 3.15. Furrow irrigated site: legume biomass after corn grain harvest in fal
2010.

Glyphosate (rate in kg a.e. Ha

1.0 1.5 2.0 Avg.
--------------------- DM yield (kg ha")--------------------
Birdsfoot trefoil 38 1 28 11bt
Clover mix 420 339 201 320 a
White clover 320 416 293 343 a
Avg. 248 t 252 174

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.

T Legume treatment means followed by the same [agerletter are not different at the 0.05 probigbili
level.

T The effect of spray rate was not significantat®.05 probability level.

Table 3.16. Furrow irrigated site: weed biomass after corn grain harvest in fall
2010.

Glyphosate (rate in kg a.e. Ha

1.0 1.5 2.0 Avg.
--------------------- DM yield (kg ha')-------------------
Birdsfoot trefoil 58 10 35 17
Clover mix 4 3 28 11
White clover 30 2 24 19
Avg. 13§ 5 29

§The interaction of legume treatment by spray wae not significant at the 0.05 probability level.
T The effect of legume treatment was not signifiearthe 0.05 probability level.
T The effect of spray rate was not significantat®.05 probability level.

Both the white clover and clover mix treatments with glyphosate applied at 1.0 kg
a.e. hd yielded significantly lower than the control treatment with no living mulch.

Again, this was likely due to competition from the clovers which were inadequately

79



suppressed at the lowest application rate. No other treatments differeithécontrol
indicating that there was no yield loss due to presence of the living mulches.

It should be noted that all treatments at both sites were followed by a reahsea
glyphosate application of 1.0 kg a.e*hahich likely reduced legume recovery below
what it would have been with only the pre-plant suppression treatments. This was
deemed necessary because of intense weed pressure and not to provide additional legume
suppression, but it likely served to reduce treatment effects. Based on visuatienal
additional mulch suppression would only have been required in the paraquat treatment.
A marked reduction in weed control options is a key drawback to living mulch systems.
The need for multiple herbicide applications has been well documented (Zimenahjk et
2000; Affeldt et al., 2004; Duiker and Hartwig 2004; Sawyer et al., 2010) and should be
taken into account when selecting a mulch species.

Fall legume biomass in all treatments was below levels that would sigiljica
add to the diet of grazing beef cattle and help to meet their protein needs. iate cl
hay averages 22% CP, while red clover and birdsfoot trefoil hay average 16% (NRC,
1984). Kura clover hay harvested in October averaged 19% CP over four yeaes é6ing
al., 2010). Itis well-established that cattle will graze corn leaves/lsesstively when
pastured on corn stover (Lamm and Ward 1981; Fernandez-Rivera and Klopfenstein,
1989). Leaves/husks averaged approximately 4.8% CP when corn was grown with a kura
clover living mulch (unpublished data). Based on these percentages and corn leaf/husk
biomass averaged across all treatments at the furrow irrigated siéppifoximate
legume biomass required to raise the CP of the grazed crop aftermath to a gieaeh pe

can be calculated. To raise CP to 7%, an approximate protein requirement forfdry bee
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cows (NRC, 1996), 623 and 498 kg'haf kura and white clover, respectively or 830 kg
ha of red clover or trefoil residue would be required. While the levels of clover residue
found in this study would reduce the need for supplemental protein, they could not meet

total protein requirements for dry beef cattle.
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CONCLUSION

Based on results of these studies, there was no clear effect of glyphosate
application rate on living mulch recovery, corn grain yield, or corn residue biomass
Among legume species, birdsfoot trefoil was the least resilient to glygghagalication,
but appeared to make some recovery after treatment with paraquat. Such limited
recovery suggests its poor suitability as a living mulch, but testing with athimacs
may potentially yield different results. Clovers tended to recover more wdaad with
glyphosate, but also reduced corn grain yields compared to trefoil at the furgated
site. Based on this finding, it would appear that even a modest recovery of legumes

during the growing season results in some corn yield reduction.
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CHAPTER 4: RECOVERY OF POTENTIAL LEGUMINOUS LIVING

MULCHES AFTER SPRING GLYPHOSATE APPLICATION

SUMMARY
An important criterion in selecting legume species for use as living mukbiesr
ability to recover from suppressing herbicide applications. Herbicrees leey
component of most successful mulch suppression regimes and may also be nemessary f
weed control. Recovery of living mulches is necessary for benefits such aserosi
control, weed suppression, and biological nitrogen fixation to occur. Two studies, one
conducted in the field and the other using potted plants, evaluated the persistence of
legume species including alfalfilédicago sativa), birdsfoot trefoil [otus corniculatus),
kura clover Trifolium ambiguum), red clover (rifolium pratense), and white clover
(Trifolium repense) after glyphosate application by measuring their biomass relative to a
untreated control. Field tests included rates of 1.0, 1.5, 2.0, and 2.5 kg'awhita
trials of potted plants started in the greenhouse lacked the 2.5 kg aratehaShoot
biomass was collected at 8 and 16 weeks after application in the field andektsBomby
from potted plants. Root/crown biomass was also collected from potted plants. White
clover recovered the most relative to the control in the field trial with no eliféers
among glyphosate treatments and averaging 101% of the control biomass by thek 16-we
sampling. No differences in kura clover biomass were found among glyphosate

treatments at either sampling date, but these could not be compared with thedcentrol
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to the use of contaminated seed that reduced kura biomass in the control treatment.
Alfalfa and birdsfoot trefoil consistently recovered less than the cloeeiesp In the pot

trial, above ground biomass of kura clover, white clover, birdsfoot trefoil, red clowkr, a
alfalfa recovered to 19, 7, 5, 2, and 1% of the control, respectively. The 1.0 kg'a.e. ha
rate yielded highest across species averaging an 11% recovery whilg #rel 2.0 kg

a.e. hd treatments averaged 5 and 4%, respectively. Root biomass averaged 26% of the
control for the 1.0 kg a.e. Hareatment and 17% for both the 1.5 and 2.0 kg a. ha
treatments. No species effects were found on root biomass, although this could be due to
rooting limitations by the pots. Both pot and field trials had some degree of biomass
reduction in response to increasing glyphosate application rate. The oéslissstudy
indicate that white and kura clovers have the greatest potential for use as livohgsn

in a glyphosate-based suppression regime due to their ability to recover whesh\irgla

high rates of glyphosate.
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INTRODUCTION

Increasing input costs along with environmental conservation issues have create
the need for agricultural research in the area of low-input, sustainable cregpiams.

Cover cropping, tillage reduction, and value-added crops have drawn a great deal of
focus in addressing both environmental and economic concerns. One concept that
embodies and expands upon such ideas is that of a living mulch.

Living mulches are cover crops grown in association with an annual cash crop
(Paine and Harrison, 1993; SAN, 1998; Hartwig and Ammon, 2002). These vegetative
covers are unique in that they are not completely killed prior to planting of the annual
crop like a traditional green manure or cover crop. Rather, growth is temyoraril
suppressed (if necessary) allowing eventual persistence and coexdstdreeover with
the annual crop throughout the growing season and beyond (Echtenkamp and Moomaw,
1989; Singer and Pederson, 2005). These mulches can be annuals or perennials and can
be interseeded with the cash crop or established before planting (SingedarsbRe
2005). The use of a perennial cover offers many potential benefits including décrease
wind and water erosion, increased water infiltration, weed suppression, reduced inse
damage, and increased soil organic matter (Echtenkamp and Moomaw, 1989; White and
Scott, 1991; Hartwig, 2004). Another advantage of living mulches is improved nutrient
cycling. All covers provide some nitrogen retention by limiting nitrate leadiinger
and Hartwig 2004). However, leguminous living mulches offer the greatestyfertil
improvements through the biological fixation of atmospheric nitrogen.

The most challenging component of a living mulch cropping system is

determining the appropriate mulch suppression regime. While mowing, grazing, and
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zone tillage are all options, the perennial mulch generally requires a suth&thiaide
application prior to planting the annual. This must be potent enough to prevent
competition with the cash crop without completely killing the mulch.

Both Affeldt et al. (2004) and Zemenchik et al. (2000) grew corn in a kura clover
living mulch with no whole plant or grain yield loss when adequate suppression was
employed. Even with the necessary level of suppression, both studies found that the
clover was able to recover to full production within 12 months of corn harvest. Affeldt et
al. (2004) observed the highest corn yields when kura was suppressed using a preplant
combination of glyphosaté\f(phosphonomethyl)glycine] and dicamba (3,6-dichloro-2-
methoxybenzoic acid) followed by a postplant application of dicamba and clopyrali
(3,6-dichlor-2-pyridinecarboxylic acid) in a 25 cm band. Later, glyphasagiufosinate
[2-amino-4-(hydroxymethylphosphinyl) butonic acid] was applied at the V3 to V5
growth stage of the corn. Zemenchik et al. (2000) were most successfulyphibgate
band-applied in 61 cm strips over the corn row pre-emergence and a post-emergence
band application of dicamba. More recent studies on the use of kura clover as a living
mulch in corn have used glyphosate either as a component of their chemical soippressi
regime (Sawyer et al., 2010; Ochsner et al., 2010) or as the sole herbicide sappressa
(Singer et al., 2010). The extensive use of glyphosate can likely be atirtbuhe fact
that a postplant herbicide application is generally required making the uséicfdeer
resistant corn cultivars a necessity.

While results with kura clover are encouraging, it must be emphasized that this
clover species is ideal for use as a living mulch due to its resiliencetedtses such as

herbicide application (Zemenchik et al., 2000). However, poor seedling vigor (Pederson
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and Singer, 2005) and slow establishment (Speer and Allinson, 1985; Seguin et al., 2001)
can be major obstacles to the adoption of this crop. Thus, other mulch crops, which may
require different management strategies, need to be tested for seafieeglyphosate
application. An ideal mulch crop would suffer significant biomass reduction after
glyphosate application so as not to compete with the annual, yet recover ieitipatat
of the growing season. It must also be able to survive rates of glyphosatedrémuire
weed control. If adequate suppression cannot be accomplished with glyphosate alone,
other herbicides can be used was well, but the common use of glyphosate makeg recove
at moderate application rates essential.

The objective of this study was to evaluate the relative recovery of perennial
legumes after variable rates of glyphosate application to determinsuhability as

living mulches in a glyphosate-based suppression regime.
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MATERIALS AND METHODS
Glyphosate rate studies were conducted in the field and using potted plands starte
in the greenhouse. Both studies tested the same five legume species, wistddare |
Table 4.1 along with varieties and seeding rates for the field study. gathkes were
treated with the propdhizobiuminoculants prior to planting. The field study subjected
each legume to four rates of glyphosate, while the pot study included three rates.

Table 4.1. Legume species and varieties used in the pot and field stsd@end
seeding rates used in the field study.

Legume Scientific Name Variety Seeding Rate
(kg pure live seed F3
Alfalfa Medicago sativa WL 343HQ 13.5
Birdsfoot trefoil  Lotus corniculatus Leo 6.7
Kura clover Trifoliumambiguum Variety not stated 11.2
Red clover Trifolium pratense Starfire 9.0
White clover Trifoliumrepens Kopu Il 4.5
Field Sudy

The field study site was located at Colorado State University'sélguial
Research, Development, and Education Center (ARDEC). ARDEC is located about 6 km
south of Wellington, CO (489'N, 10459'W) at an elevation of 1554 m. The soil was
classified as a Fort Collins loam (fine loamy, mixed, mesic Aridic Hégdfjis While
ARDEC receives 33 cm of precipitation annually, the site was irrigeithda linear
drive sprinkler system on an as-needed basis in both the fall of 2009 and spring of 2010.
Average monthly temperatures range frol@ th January to 22 in July.

The field was previously planted in teBr@grostis tef) that was sprayed with
glyphosate at 1.3 kg a.e."hand mowed on August 2, 2009. It was then sprayed with
glyphosate at the same rate a second time one day prior to planting to endteetdfat

and any weeds were completely killed. Legumes were seeded on August 18, 2009 using
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a no-till drill (Model 3P605NT, Great Plains Mfg., Inc., Salina, KS). Row spaess
set at 19 cm and planting depth was approximately 1 cm. Legumes weredrwgatidy
through September 16, 2009.

The site was laid out in a strip plot design with four replications. Legunceespe
were randomized within each replication, and spray treatments were applied
perpendicular to the direction of legume strips. Each plot was 2.1 x 1.5 m. The herbicide
treatments were applied on the morning of May 18, 2010 using-gf@&surized
backpack sprayer. The boom was fitted with wide angle flat spray tips (TT VP 11001,
Teejet Technologies, Wheaton, IL), and pressure was adjusted to approxiét&Ra.
Wind speed and ambient temperature were 6.4 Knahd 11.6C, respectively. Spray
treatments included glyphosate applied at 1.0, 1.5, 2.0, and 2.5 kg a.d\lhaates
were applied with 94 L water Ha Glyphosate concentrations were adjusted in mix
bottles, and ground speed was kept constant.

Weeds were controlled by hand clipping for eight weeks following herbicide
application after which mowing was used for weed control. The predominant weeds in
the plot area were redroot pigweddraranthus retroflexus) and field bindweed
(Convolvulus arvensis). Weeds were clipped for the first eight weeks to ensure that weed
competition did not influence legume recovery. At that point, many treatments had
enough legume recovery to suppress weed growth, and it was decided to control weeds
only by mowing. This was also done to keep legumes from entering the reproductive
stage The entire plot area was mowed to a cutting height of 10 cm on Jligr2B

August 11", Plots were irrigated on a weekly basis starting on June 2, 2010 and
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continuing for the duration of the study. Dates of irrigation events along witatiomg
guantities are listed in table 4.2 below.

Table 4.2. Field study: irrigation
timing and quantity in 2009 and

2010.
Date Irrigation (cm)
2009
August 19 3.8
August 26 3.8
September 2 3.8
September 8 2.5
Total 13.9
2010

June 2 2.5
June 10 2.5
June 24 3.2
July 1 3.8
July 8 3.8
July 16 3.8
July 22 3.2
July 29 3.8
August 5 3.2
August 12 3.8
August 19 3.2
August 26 3.2
September 2 3.2
September 9 3.2
Total 46.4

Above ground biomass samples were taken eight weeks after herbicide
application. Plot yields were determined by taking a 0.2&ame from the center of
each plot. All plants were clipped to the ground level, weeds were removed, and samples
were dried to a constant weight for 72 hours in a forced air overi@t By weights
were then recorded. Plot yields were taken again 16 weeks after glyplpsetatians
using the aforementioned technique. In this case, weeds were separated arsd dried a

well.
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Pot Sudy

The pot study was initially housed in the Colorado State University Greenhouse
Facility where daytime and nighttime temperatures were maintairtatd 18C,
respectively, and photoperiod was adjusted to 16 hours light and 8 hours dark. Relative
humidity was maintained at 67%. Legumes were seeded on November 7, 2009 into 9 x 9
x 13 cm plastic pots filled with potting soil. They were thinned to five plants per pot on
November 18, 2009. All plants were checked daily and watered on an as needed basis.
On February 4, 2010, legumes were transplanted into larger round pots (16 cm diameter
by 16.5 cm deep) filled with field soil. This soil was collected from ARDi@ field
adjacent to the one in which the field study was conducted. Excess pottingssoil wa
removed by shaking plants and gently pulling roots apart. Plants were treah$defield
soil due to documented differences in efficacy of glyphosate in sterile patting s
unsterile field soil (Schafer et al., 2009). It also offered a greatged of continuity
between the field and pot studies. All legumes were fertilized with 1 g @ tripl
superphosphate per pot on February 15, 2010.

To simulate winter dormancy that these perennial species would undergo in the
field, plants were gradually hardened off and moved outside. On February 25, all
legumes were clipped to a height of 10 cm and moved from the main greenhouse bay to a
ventilation corridor where temperatures varied from 5 €€ i#epending on when
ventilation fans were running. One week later, they were moved to a walk-im andle
maintained at a temperature slightly above freezing (2ap ®ith no light. On March
11, plants were moved to a fenced off area adjacent to the university greenhoerges w

they were exposed to outdoor temperatures and weather conditions. In this area, they
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were under 50% shade and were allowed to break dormancy under natural seasonal
climate change.

Herbicide treatments were applied using a moving nozzle spray chamber
equipped with a single nozzle (8001 E Teejet Technologies, Wheaton, IL). Glyphosate
was applied at rates of 1.0, 1.5, and 2.0 kg a:&. ihere were three replications of each
treatment and three untreated control pots for a total of 12 pots of each species per set
There were two sets of plants with the first set being sprayed on ABridr2Dthe second
on April 22", Set one was moved outside where ambient temperature w&s 11.7
immediately following application. Set two had to be moved back into the greenhouse
for 24 hours after spraying due to rain. After this, both sets continued to be kept outside
under 50% shade until May’3vhen the shade was reduced to 25%.

Pots were fertilized with 1 g of triple superphosphate on Apfil Z8ants were
treated with carbaryl (1-naphthyl methylcarbamate) for insauiral on June'8 Al
actions taken are listed in Table 4.3 below.

Approximately eight weeks after herbicide application, all plants wineed to
ground level, dried to a constant weight for 72 hours in a forced air ovefCatestl
weighed. Remaining plant roots (and crowns) were washed over a 6.35 mm screen,

dried, and weighed. All rhizomes and stolons were included with root/crown material
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Table 4.3. Pot study: actions taken and days after planting.

Days After Action Taken
Planting
0 Planted legumes
11 Thinned to five plants per pot
89 Transplanted into field soill
100 Fertilized plants with triple superphosphate
110 Clipped plants to height of 10 cm and moved to ventilation
corridor
117 Moved plants to cooler
124 Moved plants outside (50% shade)
164 Sprayed set 1
166 Sprayed set 2
170 Fertilized plants with triple superphosphate
177 Moved plants to 25% shade
210 Applied carbaryl
226 Harvested set 1
228 Harvested set 2

Satistical Analysis: Field Study

Above ground legume biomass dry weights for the different glyphosate trégatme
were analyzed as a percent of the untreated control allowing for a condagisveen
the two sampling dates. Data were analyzed as a strip plot design. PR@EO Mi
SAS (SAS Institute, 2009) was first used to determine main effects and tiiotes auf
legume species, spray rate, and sampling date. Replication, replicationreplétation
x legume, and replication x spray rate were considered to be random. In thefevent
three-way interaction, data were separated by sampling date and analyzedninde
main effects and interactions of legume species and spray rate.ebDitsrwere
recognized as significant at tRe< 0.05 level. When aforementioned effects were found
to be significant, treatment means were separated using LSMEANSI({Si#Ste,
2009).

Kura clover had to be analyzed separately due to an irregularity in thelcontr

treatment. The kura seed was contaminated with red clover seed. The red claker, whi
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has greater seedling vigor (Frame 2005), outcompeted the kura clover in the control
treatment causing very low kura clover yields. However, the kura proved to be much
more glyphosate tolerant and outcompeted the red clover in all of the spragtsatm
resulting in little to no red clover contamination. Thus, the four kura treatments were
compared on an actual biomass basis rather than as a percent of the untreatemhcontrol
could not be compared with the other species.

Transformations were performed when an examination of the residuals éadicat
the need. Square root transformations were performed on both the 8 and 16 week
biomass data. The original data were reported, and the transformations edete us
determine the differences between treatments.

Within each species for a given sampling date, legume biomass was regressed
linearly against spray rate using Microsoft Excel (Microsoft 2007)O@RIIXED was
used to determine whether the correlation between legume and spraysatgnfecant
(p<0.05).

Satistical Analysis: Pot Sudy

Final above ground and root/crown biomass for all spray treatments were
converted to a percent of the untreated control and analyzed using PROC MIXED to
determine main effects of legume species and spray rate. Spray set (@oe or t
depending on the application date), set x legume, and set x legume x sprayeate wer
random effects. Differences were recognized as significant Bt<i@®05 level. When
aforementioned effects were found to be significant, treatment meanseparated
using LSMEANS. On examination of the legume above ground biomass residuals, a

square root transformation was deemed necessary, while the root biomasd data di
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need require a transformation. Regression analyses were performed on root and shoot

biomass using the same methodology as in the field trial.
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RESULTS AND DISCUSSION
Field Sudy

Due to a legume x spray rate x sampling date interaction, the two sampéag dat
were analyzed separately. The 3-way interaction can be attributecdioleaates of
recovery by different legume species with white clover recovering thestasisulting in
no spray rate effect 16 weeks after application. Spray rate effectsneseatoin all
other species at both 8 and 16 week sampling dates. Differences amongespnagrits
in birdsfoot trefoil varied across sampling dates with the 1.5 kg a'eat@producing
the highest biomass at 8 weeks and the 1.0 kg a'eat®yielding the highest at 16
weeks.

Eight weeks after glyphosate application, white clover had the greates¢ngat
all rates (Table 4.4). Red clover followed, and alfalfa had the least recowiegiw
treatments yielding less than 3% of the untreated control biomass. Birdsfodtaiso
recovered very little averaging 5% of the untreated control across athémts.
However, at the 1.5 and 2.5 kg a.€? hates, biomass of birdsfoot trefoil did not differ
from red clover. The apparent greater recovery of birdsfoot trefmhag¢ ®f the higher
herbicide rates can be explained by survival of a small number of plants that were
randomly distributed within the plot area. This could be due to variable glyphosate
tolerance within the population of trefoil plants (Boerboom et al., 1990).

There was a linear decline in biomass of the clover species as spray edeadcr
(Figures 4.1 and 4.2) with plants recovering more at the lowest applicatiohamatat t

the two highest rates (Table 4.4). Responses of the two clover species did not
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significantly differ from one another. No lineaationships were found for trefc

(p=0.1966) or alfalfa (p=0.461"

Table 4.4 Field study: abov+-ground legume biomass eight weeks after herbicic
application in spring 2010

Glyphosate application Birdsfoot White
rate (kg a.e. hY Alfalfa trefoil Red clover clovel Avg.
------------------- Biomass relative to control (%--------------
1.0 27aC8§ 5.3 bC 26.5aB 78.4 at 28.3
15 2.0 abC 11.1 aB 16.5bB 65.6ab/ 23.8
2.0 0.0 bC 0.7 cC 11.5bB 587 bA 17.7
2.5 0.0 bC 2.9 bcB 49cB  49.4 bt 14.3
Avg. 1.2 5.0 14.9 63.(

§The interaction of legume treatment by annual evap significant. Herbicide treatment mei
followed by the same lowercase letter are not difie Legume means followed by the s
uppercase letter are not differeDifferences were declared sigodnt at the 0.05 probability lev
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3 90 3 90w
g a0 g 20 .
T 70 - y=-13.963x+ 39.309 T 70¢ s
% 6o - RY=0.7601 AT . *
E - Pe 0001 E < . * Py *
=1 =
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i £ *
= 0 =30 y=-18.216x+ 95957
] ] 20 R = 04489
g g - P 0001
@ @ 10
0
1 15 2 25 1 LS 2 25
Glyphosate Rate (kg a.e. ha-1) Glyphosate Rate (kg a.e. ha-1)

Figure 4.1. Field study: response of red clove
biomass (percent of control) to increasing rate
of glyphosate eight weeks after application i
spring 2010.

Figure 4.2. Field study: response of white clove
biomass (percent of control) tcdncreasing rates
of glyphosate eight weeks after applicatic in
spring 2010.

An interaction of legume species by sprate was also present at theweek
sampling date (Table 4.5). The smallest biomadgateons were found in the clove
with no differences among spray rates for whiteseto All treatments were close
100% of the control indicating full recoverThere was no biomass decline for

clover with increasing spray rate except at théaésg rate. Birdsfoot trefoil recoverec
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about 55% of the control at the lowest rate, blubthler treatments were significan
lower.

The response of red clovto increasing glyphosate rate remained linear (féi
4.3), while white clover had no response (Figurg.4Trefoil had a linear response
glyphosate rate (p<0.0001) at 16 weeks, which diddiffer from that of red clover
There was still no respce found for alfalfa (p=0.1720).

Table 4.5 Field study: abov+-ground legume biomass sixteen weeks aft
herbicide application in spring 2010

Glyphosate applicatio Birdsfoot White
rate (kg a.e. h9 Alfalfa trefoil Red clover clovel Avg.
---------------- Biomass relative to control (%--------------
1.0 15.5aC § 54.7aB 69.4aAB 981 aA 59.4
1.5 1.0bC 22.2 bB 66.7 aA 106.3a/ 49.1
2.0 1.4 bD 15.6 bC 57.9aB 1016 aA 44.1
2.5 0.1bC 6.3 cC 29.5bB 995aA 33.9
Avg. 4.5 24.7 55.9 1014

8The interaction of legume treatment by annual avep sgnificant Herbicide treatment mea
followed by the same lowercase letter are not dint. Legume means followed by the sa
uppercase letter are not diffnt. Differences werdeclared significant at the 0.05 probability le

140 - 140 -
g 120 g 120 * *
5 & . *
= 100 < 100 § + : )
2 2 . * : .
: ot
- -
5 5
na .,5 &0
w0 w0
o =i "
W@ @ 40
i y=-25.697x+100.83 i y=-0.1174x+ 10155
5w R =0.4479 HELE R = 3E-05
L P=0.000 s @ P=0.9359
u T T 1 u T
1 LS 2 25 1 15 2 25
Glyphosate Rate (kg a.e. ha-1) Glyphosate Rate (kg a.e. ha-1)

Figure 4.3. Field study: response of red clove Figure 4.4. Field study: response of white clove
biomass (percent of control) to increasing rate  biomass (percent of control) to incrasing rates
of glyphosate sixteen weeks after applicationi  of glyphosate sixteen weeks after application
spring 2010. spring 2010.

100



Based on these results, white clover has great potential as a living mulcarthat
be suppressed with glyphosate. It was extremely resilient with éalveey at all rates
after 16 weeks. Red clover also performed well recovering at the 1.0 and 1.5 ki a.e. ha
rates to the same extent as white clover. Birdsfoot trefoil appears todmageaerance,
but may not survive higher rates or repeated applications necessary foronged c
However, Boerboom et al. (1990) noted a wide range of glyphosate tolerance among
birdsfoot trefoil selections from a recurrent selection breeding prodranmcluded
‘Leo’ birdsfoot trefoil. A threefold difference in the rate of glyphosateliregl to reduce
fresh weight by 50% £}) was found among nine selections previously tested in the field
(Boerboom, 1989). The biomass of these selections ranged from 16 to 54% of an
untreated control when evaluated as ramets 14 days after treatment with 0’50kg ha
glyphosate. The two selections of ‘Leo’ tested ranged from 26 to 45% making them the
2" and 8" most tolerant among all selections tested. This variable tolerance was
attributed to the specific activity of 5-enolpyruvylshikimate 3-phosphatthase
(EPSPS), with which it was positively correlated. Further, Duiker antiviga{2004)
noted that birdsfoot trefoil tended to respond less to competition with corn than other
legume species tested as living mulches indicating that it may havevérgtage of
greater shade tolerance. Thus, other cultivars of birdsfoot trefoil shoulddzbdsghey
may be better suited for use as living mulches. Alfalfa has little pdteimee it
recovered to only about 16% of the control at the lowest rate after 16 weeks, widle at t
higher rates, it yielded less than 2% of the control.

Kura clover is also worth noting in that none of the spray treatments differed in

actual biomass accumulation at either the 8 or 16 week sampling dates, indioating
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yield loss with increasing rates up to 2.5 kg a.&. H&/hile there were problems with
plant growth in the control that prevented comparisons among other species, the averag
biomass of kura clover across treatments at 16 weeks was 1,827. kavhite clover
averaged 3,736 kg Hacross treatments at the same date. Poor yields of kura clover in
the first one to two years are well-documented (Frame, 2005) and seedling \goa of
clover has been shown to be less than that of white clover (Speer and Allinson, 1984).
Difficult establishment is the main deterrent in the use of kura cloveraas@iinulch
and may give preference to white clover, a more vigorous species that apsanet
kura’s tolerance for high rates of glyphosate.

Weeds were controlled only by mowing after the first biomass sampling, and
there was an effect of both species and spray rate on weed biomass by thehitene of t
second sampling (Table 4.6). The higher two spray rates had significaatgrgweed
biomass than the lower two. The legume species with the greatest recadery tie
have fewer weeds with white clover containing less weed biomass than taeyotfier
species. All clover plots had fewer weeds than trefoil and alfalfa. Both therapray
and species effects can be attributed to an increase in weed biomass as leqasg bi
decreased. This weed suppressing effect is a commonly cited benefit ohiviciges
(Enache and lInicki, 1990; SAN, 1998) and is illustrated in Figure 4.5. Combined poor
legume recovery and higher weed biomass among alfalfa and trefoil, intiatitieet
clovers are the preferred candidates for a glyphosate-based suppresgsien regi

When interpreting these findings, one must consider that the use of these species

as living mulches will introduce the added stress of competition for light, ,veatein
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some cases, nutrients from the annual crop. Tlesser degrees of recovery would
expected than those found in this st

Table 4.6 Field study: abov-ground weed biomass sixteen weeks after herbicit
application in spring 2010

Glyphosate application Birdsfoot  Kura Red White
rate (kg a.e. h§ Alfalfa trefoil clover clover clovel Avg.
------------------------ DM yield (kg ha)----------===----emmm -
1.0 2722 § 2059 368 609 50 1201 at
1.5 2710 2686 680 817 10 1380 a
2.0 3656 3290 959 955 37 1779 b
2.5 4002 3161 1462 1890 29 2109 b
Avg. 3273C+ 2799C 867B 1068B 32 A

§The interaction of legume species by herbicide wate not significant at the 0.05 probability le
tHerbicide rate means followed by the same lowerbstter are not different at the 0.05 probabi
level.

¥ Legume species means followed by the same uppédetteeare not different at the 0.05 probabi
level.

a0

OO0

y = -0.9003x+ 31755
RE=(0. 7891
P Q001

A000

000

OO0

Weed Biomass (kg ha'l)

1000

] 1a00 2000 000 A000 L Tln]

Legume Biomass (kg ha'l)

Figure 4.5. Field study: relationship of weed biomss 10 legumebiomass sixteer
weeks after herbicide application in spring 201(

Pot Study
The effectof both legume species and spray rate were foubeé ggnificant ir
the potstudy. All species recovered to a greater degréeeal .0 kg a.e. I'* rate than the

1.5 and 2.0 kg a.e. Haates in terms of both shoot and root/crown bion(Tables 4.7
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and 4.8). Among legume species, shoot biomass accumulation relative to the untreated
control was greatest for kura clover followed by white clover. Alfalfa agssn the least
resilient averaging 1% of the untreated control biomass across all lratess case, red
clover recovered very little and did not differ from alfalfa or trefoil.

Table 4.7 Pot study: above-ground legume biomass eight weeks after hertdeei
application in spring 2010.

Glyphosate application Birdsfoot Kura Red White
rate (kg a.e. hY Alfalfa trefoil clover clover clover Avg.
------------------- Biomass relative to control (%) —---------
1.0 2.2 8 9.4 26.3 3.1 135 109at
15 0.4 2.1 18.0 1.0 4.2 51b
2.0 0.5 2.9 12.6 1.2 2.2 39b
Avg. 11D% 48 C 19.0 A 1.8 CD 6.7B

8The interaction of legume species by herbicide vais not significant at the 0.05 probability level
tHerbicide rate means followed by the same lowertatser are not different at the 0.05 probability
level.

T Legume species means followed by the same upgeeletier are not different at the 0.05 probability
level.

Table 4.8 Pot study: legume root/crown biomass eight weeks after herliei
application in spring 2010.

Glyphosate application Birdsfoot  Kura Red White
rate (kg a.e. h9 Alfalfa trefoll clover  clover clover Avg.
------------------ Biomass relative to control (%) -—-------
1.0 2248 27.7 35.4 23.9 21.2 26.1at
15 13.8 18.6 29.8 15.3 9.3 174D
2.0 17.3 17.4 26.7 16.6 6.2 16.8 b
Avg. 17.8 F 21.2 30.6 18.6 12.2

8The interaction of legume species by herbicide vais not significant at the 0.05 probability level
tHerbicide rate means followed by the same lowertatser are not different at the 0.05 probability
level.

¥ The effect of legume species was not signifiearbe 0.05 probability level (p=0.1225).

While the effect of spray rate on root development was similar to the effect
shoot biomass, there were no differences found in root biomass among species (Table
4.8). This could be a result of the limited rooting area provided in the pots. Upon

washing legume roots, it was noted that the control treatments of some of ibe,spec
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particularly red clover, appeared to be severely root-bound. This limitation togroot
area could help explain the poor performance of red clover in the pot relative &ldhe fi

The results of the pot study confirmed the resilience of white and lavarcl
relative to the other species tested. The poor performance of red clover rhaktrioed
against its superior recovery in the field. Birdsfoot trefoil recovestive to other
species was better in the pot study. It was superior to that of alfalfa anot didifer
from red clover. As in the field study, alfalfa appeared to have vegypittiential for
use as a living mulch managed with glyphosate due to its lack of recovery tg¢sall ra

The effect of spray rate was much more consistent across species in teyot s
most likely due to limitations in root development. Thus, the sharp drop in biomass at the
1.5 kg a.e. hacannot be used as an indication of appropriate spray rate. More relevant is
the consistency between field and pot above ground biomass results (with theoaxcept
of red clover) in terms of relative species recovery. Based on resultbdtbrstudies,

white and kura clover show the greatest potential for use as living mulches.
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CONCLUSION

Most living mulch suppression regimes include herbicide(s) applied at a sub-
lethal rate. This is necessary to reduce competition with the annual crop frorhéoth t
mulch crop and weeds. Recovery after herbicide application is essential to the
persistence of living mulches. White clover was the most tolerant to glyphosase
field. Although kura clover could not be compared among species, no effects of
glyphosate rate were found on recovery indicating a very high level ofrtoéerdn the
pot study, kura clover had the greatest tolerance followed by white cloverfoBtrds
trefoil and alfalfa recovery was poor in both the field and pot trials. Red clammrered
well in the field, but did not differ from trefoil or alfalfa in the pot study. While
recovery is important to the success of living mulches, exceptionally highiderbic
tolerance can lead to inadequate suppression and subsequent annual crop yield losses.
Based on visual evaluations, none of the white clover treatments had fallen below 80% of
the control by the third week after application (Figure D-3.5), which would be
insufficient for planting of an annual crop. Thus, while the focus of this stuslyova
determine relative glyphosate tolerance, additional research isdneeidst clover
species, particularly white clover, as mulches with various annual crops. Adequate

suppression may require the inclusion of herbicides other than glyphosate.
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APPENDIX A-1: CO-ESTABLISHMENT OF LEGUMINOUS LIVING
MULCHES WITH ANNUAL CROPS-FIELD MAPS
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Figure A-1.1 Sprinkler site: 2009 field map.
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Figure A-1.2 Furrow irrigated site: 2009 field map.
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APPENDIX A-2: CO-ESTABLISHMENT OF LEGUMINOUS LIVING
MULCHES WITH ANNUAL CROPS-ANALYSIS OF VARIANCE TABLES
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Table A-2.1. Analysis of variance for dry matter yield of early-cut oat hay at the
sprinkler irrigated site in 2009.

Degrees of freedom F value P value

legume 3 0.06 0.9782

Table A-2.2. Analysis of variance for NDF of early-cut oat hay at the sprinkler
irrigated site in 2009.

Degrees of freedom F value P value

legume 3 0.85 0.4999

Table A-2.3. Analysis of variance for ADF of early-cut oat hay at the sprinkler
irrigated site in 2009.

Degrees of freedom F value P value

legume 3 0.13 0.9421

Table A-2.4. Analysis of variance for CP of early-cut oat hay at the sprinkler
irrigated site in 2009.

Degrees of freedom F value P value

legume 3 0.93 0.4642

Table A-2.5. Analysis of variance for contribution of weeds to total yield of earbgut
oat hay at the sprinkler irrigated site in 2009: square root transformed.

Degrees of freedom F value P value

legume 3 6.04 0.0154

Table A-2.6. Analysis of variance for dry matter yield of late-cut oat hay at the
sprinkler irrigated site in 2009.

Degrees of freedom F value P value

legume 3 2.74 0.1057

Table A-2.7. Analysis of variance for NDF of late-cut oat hay at the sprinkler
irrigated site in 2009.

Degrees of freedom F value P value

legume 3 1.66 0.2433

Table A-2.8. Analysis of variance for ADF of late-cut oat hay at the sprinkler
irrigated site in 2009.

Degrees of freedom F value P value

legume 3 1.54 0.2708

Table A-2.9. Analysis of variance for CP of late-cut oat hay at the sprinkler
irrigated site in 2009.

Degrees of freedom F value P value

legume 3 1.11 0.3949
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Table A-2.10. Analysis of variance for contribution of weeds to total yield of lateut
oat hay at the sprinkler irrigated site in 2009: square root transformed.

Degrees of freedom F value P value

legume 3 2.21 0.2078

Table A-2.11. Analysis of variance for dry matter yield of corn silage at the
sprinkler irrigated site in 2009.

Degrees of freedom F value P value

legume 3 0.11 0.9506

Table A-2.12. Analysis of variance for NDF of corn silage at the sprinkler irgated
site in 2009.

Degrees of freedom F value P value

legume 3 0.26 0.8529

Table A-2.13. Analysis of variance for ADF of corn silage at the sprinkler irgated
site in 2009.

Degrees of freedom F value P value

legume 3 0.59 0.6361

Table A-2.14. Analysis of variance for CP of corn silage at the sprinkler irgated
site in 2009.

Degrees of freedom F value P value

legume 3 0.47 0.7131

Table A-2.15. Analysis of variance for contribution of weeds to total yield of corn
silage at the sprinkler irrigated site in 2009.

Degrees of freedom F value P value

legume 3 0.92 0.4694

Table A-2.16. Analysis of variance for contribution of legumes to total yield of car
silage at the sprinkler irrigated site in 2009.

Degrees of freedom F value P value

legume 3 8.61 0.0173

Table A-2.17. Analysis of variance for legume establishment ratings at spkler
irrigated site in spring 2010.

Degrees of freedom F value P value
crop 2 29.08 <.0001
legume 2 0.55 0.5858
crop * legume 4 4.98 0.0043
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Table A-2.18. Analysis of variance for spring legume biomass at sprinklemigated
site in spring of 2010: square root transformed.

Degrees of freedom F value P value
crop 2 11.73 0.0031
legume 2 9.09 0.0019
crop * legume 4 1.20 0.3446

Table A-2.19. Analysis of variance for vole damage at sprinkler irrigated sgtin
spring 2010: square root transformed.

Degrees of freedom F value P value
crop 2 9.80 0.0006
legume 2 7.03 0.0035
crop * legume 4 0.95 0.4480

Table A-2.20. Analysis of variance for weed biomass at sprinkler irrigated stin
spring 2010: square root transformed.

Degrees of freedom F value P value
crop 2 20.96 <.0001
legume 3 2.70 0.0600
crop * legume 4 2.72 0.0278

Table A-2.21. Analysis of variance for dry matter yield of oats at the furrow
irrigated site in 2009.

Degrees of freedom F value P value
legume 3 0.26 0.8518

Table A-2.22. Analysis of variance for NDF of oats at the furrow irrigated site in
2009.

Degrees of freedom F value P value
legume 3 0.72 0.5659

Table A-2.23. Analysis of variance for ADF of oats at the furrow irrigated site in
20009.

Degrees of freedom F value P value
legume 3 1.31 0.3295
Table A-2.24. Analysis of variance for CP of oats at the furrow irrigated site in 2009.

Degrees of freedom F value P value
legume 3 0.60 0.6298

Table A-2.25. Analysis of variance for contribution of weeds to total yield of oats at
the furrow irrigated site in 2009.

Degrees of freedom F value P value
legume 3 0.45 0.7230
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Table A-2.26 Analysis of variance for legume establishment ratings at furrow
irrigated site in spring 2010.

Degrees of freedom F value P value

legume 2 9.72 0.0131

Table A-2.27. Analysis of variance for legume biomass at furrow irrigated sitai
spring 2010.

Degrees of freedom F value P value

legume 2 3.03 0.1233

Table A-2.28. Analysis of variance for weed biomass at furrow irrigated site in
spring 2010.

Degrees of freedom F value P value

legume 3 0.47 0.7074
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APPENDIX B-1: CORN AND SOYBEAN PRODUCTION IN A LEGUMINOUS
LIVING MULCH SYSTEM-FIELD MAPS
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Flot 403 | Plot 402 | Plot 407 | Plot 403 | Plot 408 | Plot 407 | Plot 403 | Flot 408 | Plat 407
ALF BFT+RC EFT Wi RC
0 kgl B4kgh | 168 kg M | 252 kg
sakgh | stkghl | skgn | 0 kg 80 0 kg z z g
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flot 406 | Plot 405 | Plot 404 § Plot 406 | Plot 405 | Plot 404 | Plor 408 | Plot 405 | Plot 404
RC EFT
FEF &) 252 kgm | S4kgh | 0 kgr | 0 kgl | 0 kgM | 0 kg s kgl 0 kghl st kgl
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Plot 403 | Plot 402 | Plot 401 § Plot 403 | Plot 402 | Plot 401 | Plok 403 | Plot 402 | Plot 401
W RC 165 ka BFT+RC ALF BFT BFT:RC ALF W
G4kgM | 4 kg S0 0 kgn | 0 kgra | 0 kg | s4kgn | Bdkan | s4kgn
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flak 209 | Plot 308 | Plot 307 § Plot 304 | FPlot 3028 | FPlot 307 | FPlak 209 | Plot 308 | Plot 307
Wi EFT BFT+RC
165 kg M stkal | skaN 0 kgM | 0 kgM | 0 kgr | B5kgM | 0 kgM Bt kgl
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flok 206 | Flot 305 | Plot 204 § Flot 306 | Flot 305 | FPlot 304 | Flor 206 | Flot 305 | Plot 304
RC EFT+RC RC EFT ALF
FEF 3 skgh 0 kgh | Z52kgh | 0 ka | katt | 0 kot | sekan | atkan g4kghl
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flak 303 | FPlot 302 | Plot 301 § Plot 303 | Plot 302 | Plot 301 | Plat 303 | Plot 302 | Plot 301
EFT+RC BLF EFT BLF Wiz Wiz R
SR kar | aekart | o kar | 0 kan | 0 kg PPPEROM cegn | sekgn
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flok 209 | Flot 202 | Plot 207 § Plot 209 | Plot 2028 | Plot 207 | Plot 209 | Plot 202 | Plot 207
EFT-RC| EFT EFT.FC| ALF
84kg M atkal | stkan 0 kghl | N 2E2kgM | 24 kgl | B2 kgM
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flot 206 | Plot 205 | Plor 204 § Flot 206 | Plot 205 | Plot 204 § Flot 206 | Plot 205 | Plor 204
Wi BFT Wi RC BFT+RC EFT
REF 2] 162 kg 0 kgl 0 kgh
% saigm 5 0 kgr | 0 kgn 8 canan | sargn | s4kgn
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flak 203 | Plot 202 | Plot 201 § Plot 203 | Plot 202 | FPlot 201 | Plor 203 | Plot 202 | Plot 201
ALF RC RC ALF W
22kgMQ O kgl | 0 kqM 0 kghl
sdkgh | sdkgh £ 2 T 0 kgr | sdkgn I sakgn
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flat109 | Flat 102 | Plot107 § Plot 109 | Plot 102 | Plot 107 | Plat 109 | Plot 108 | Plot 107
EFT+RC EFT BFT RC W
282 kg M 0 kghl 16 kgM | O kgld
84 kg N 8 sawgrt | o kar | 0 kgn 2 £ M sakgn
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flat 106 | Flot 105 | Flok 104 § FPlot 106 | Plot 105 | Flot 104 | Flot 108 | Flot 105 | Plot 104
RC BLF EFT BLF
FEF1] 84kgh s kgl LR I bt 0 kgM | 0 kgM sekah | atkgh 252 kg M
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Flat103 | Flot 102 | Plot 101 § Ploc 103 | Plotioz2 | Plot 101 | Plot103 | Plot 102 | Plos 101
WS ALF EFT+FRC WS R BFT-RC
0 kg 0 kghd 84 kgl
I st kgr | sdkgn I 0 kg | o kgn | s4kgn T sakgn
ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1 ha-1
Corn Silage Soybeans Carn Grain
Abbreviations N
ALF Alfalfa Legume treatment L E
Wi ‘white Clover Fertility treatment 5
RC Fed Clower
BFT Birdsfaot Trefail Flot Oimensions: 4Emy15.2m

Figure B-1.1 Fruita: 2009 Field map.
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APPENDIX B-2: CORN AND SOYBEAN PRODUCTION IN A LEGUMINOUS
LIVING MULCH SYSTEM-ANALYSIS OF VARIANCE TABLES
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Table B-2.1. Analysis of variance for soil Nif" concentrations from 0 to 91 cm at
Fruita, CO in spring 2009.

Degrees of freedom F value P value
treat 8 2.58 0.0200
crop 1 43.67 0.0071
crop*treat 8 0.84 0.5764
depth 2 40.46 <.0001
treat*depth 16 1.06 0.4069
crop*depth 2 72.09 <.0001
crop*treat*depth 16 0.75 0.7392

Table B-2.2. Analysis of variance for soil N@ concentrations from 0 to 91 cm at
Fruita, CO in spring 2009.

Degrees of freedom F value P value
treat 8 1.42 0.2139
crop 1 0.01 0.9232
crop*treat 8 0.76 0.6359
depth 2 133.22 <.0001
treat*depth 16 1.36 0.1776
crop*depth 2 4.17 0.0180
crop*treat*depth 16 0.46 0.9600

Table B-2.3. Analysis of variance for SOM concentrations from 0 to 91 cm at Frait
CO in spring 2009.

Degrees of freedom F value P value
treat 8 1.17 0.3379
crop 1 0.10 0.7694
crop*treat 8 0.41 0.9115
depth 2 344.35 <.0001
treat*depth 16 0.86 0.6166
crop*depth 2 92.11 <.0001
crop*treat*depth 16 0.44 0.9694

Table B-2.4. Analysis of variance for living mulch stand ratings at Fruita, CO in
spring 2009.

Degrees of freedom F value P value
crop 2 1.78 0.2231
legume 4 57.42 <.0001
crop*legume 8 1.05 0.4209
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Table B-2.5. Analysis of variance for living mulch biomass at Fruita, CO in spng
2009.

Degrees of freedom F value P value

legume 4 7.69 0.0026

Table B-2.6. Analysis of variance for living mulch NDF at Fruita, CO in spriy
2009.

Degrees of freedom F value P value

legume 4 3.44 0.0430

Table B-2.7. Analysis of variance for living mulch ADF at Fruita, CO in spring
2009.

Degrees of freedom F value P value
legume 4 0.97 0.4588
Table B-2.8. Analysis of variance for living mulch CP at Fruita, CO in spring 2009.
Degrees of freedom F value P value
legume 4 15.38 0.0001
Table B-2.9. Analysis of variance for soybean yields at Fruita, CO in 2009.
Degrees of freedom F value P value
treat 5 1.29 0.2983
Table B-2.10. Analysis of variance for corn silage yields at Fruita, CO in 2009.
Degrees of freedom F value P value
treat 8 17.56 <.0001
Table B-2.11. Analysis of variance for corn silage NDF at Fruita, CO in 2009.
Degrees of freedom F value P value
treat 8 12.33 <.0001
Table B-2.12. Analysis of variance for corn silage ADF at Fruita, CO in 2009.
Degrees of freedom F value P value
treat 8 4.62 0.0016
Table B-2.13. Analysis of variance for corn silage CP at Fruita, CO in 2009.
Degrees of freedom F value P value
treat 8 6.63 0.0001

Table B-2.14. Analysis of variance for corn grain yields at Fruita, CO in 2009: log
transformed.

Degrees of freedom F value P value

treat 8 58.45 <.0001

121



Table B-2.15. Analysis of variance for corn grain leaf residue at Fruita, CO in fél
2009: square root transformed.

Degrees of freedom F value P value

treat 8 5.45 0.0006

Table B-2.16. Analysis of variance for stem residue after corn grain harvest at
Fruita, CO in fall 2009.

Degrees of freedom F value P value

treat 8 5.25 0.0007

Table B-2.17. Analysis of variance for cob residue after corn grain harvest at Fita,
CO in fall 2009.

Degrees of freedom F value P value

treat 8 2.16 0.0696

Table B-2.18. Analysis of variance for total corn residue after corn grain harvést
Fruita, CO in fall 2009.

Degrees of freedom F value P value

treat 8 5.73 0.0004

Table B-2.19. Analysis of variance for legume residue after corn grain harvest at
Fruita, CO in fall 2009: square root transformed.

Degrees of freedom F value P value

treat 8 7.19 0.0034

Table B-2.20. Analysis of variance for legume mortality ratings at Fruita, CO in
spring 2010.

Degrees of freedom F value P value
crop 2 11.29 0.0001
legume 4 60.55 <.0001
crop * legume 8 1.58 0.1568
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APPENDIX C-1: CHEMICAL SUPPRESSION OF ESTABLISHED
LEGUMINOUS LIVING MULCHES-FIELD MAPS
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Figure C-1.1 Sprinkler irrigated site: 2010 field map.
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Fep1 Fep 2
Flot4 | Ploth [ Plotiz | Plot 13 Flot 20 | Plat 21 | Plot 28 | Plot 23
WC BFT EFT WC CLEAM | W0 | CLEAMN| MK
GlyRate| Gy EO Gy Gy EO Gy Gily
3 Rate 1 Rate 2 Fate 2 Rate 3 | Fatel
Flot3 | Ploté [ Plot | Plot 14 Flot 18 | Plok 22 | Plot 27 | Plot 30
Pl Il WC BFT Pl [ BFT EFT
Gly Gy ED Gy Gy ED Gy Gily
Rate 3 | FRatel Rate 2 Fate 2 Rate 3 | Fatel
Flot2 | Plot? | Plotid | Plat 16 Flot 18 | Plok 23 | Plot 26 | Plak 31
EFT |[CLEAM [ CLEAN | MIX EFT BFT WC WC
Gly Gy ED Gly Gy ED Gy Gly
FRate3 | Ratel Fate 2 Fate 2 Rate3 | Ratel
Flat1 | Platd | Plord | Plak1g Flat 17 | Plak 24 | Plot 25 | Plot 32
CLEAM WS Ml | CLEAMN Wi CLEARM Ml | CLEARN
Gly Gy ED Gy Gy ED Gy Gily
Rate3 | Ratel Fate 2 Fate 2 Rate3 | Ratel
Abbricriations
Wi white Clover
PALE Foed Clover, %White Clover, Kura Clover
EFT EirdzFoot Trefoil
Clean Po Lequme
Gly Rate 1 Glyphaszate: 1.0 kg a.c. ha-1
Gly Rate 2 Glyphaszate: 1.5 kg 2. ha-1
Gly Rate 3 Glyphasate: 2.0 kg 2.0, ha-1
ED Burn Diown-Paraquat: 0.7 kg a.i ha-1

Fep 3
Flak 38 | Plot 37 | Plat 44 | Plot 45
BFT BFT M | CLEAM
EO Gy Gily Gily
Fate 3 | Fate 2 | Ratel
Flak 35 | Plot 38 | Plot 43 | Plot 46
Ml Pl Wi WS
EO Gy Gily Gily
Fate 3 | Fate 2 | Ratel
Flak 34 | Plot 39 | Plot 42 | Plot 47
CLEAM| 'WwC EFT Ml
EDO Gy Gily Gily
Fate 3 | Rate 2 | Ratel
Flak 33 | Plot 40 | Plat 41 | Plot 42
WwC |CLEAMN|CLEAM| BFT
EDO Gy Gily Gily
FRate 3 | Rate 2 | Ratel
)]
W E
=

Flot Dimensions: $6m 2 10.7 m




Plot & Flat 3 Plot2d Flat 25 Flat 40
EFT AL CLEAM Wi ML
Gly Gly Gly Gly Gly
Rake 3 Rate 1 Rate 3 Rate 1 Rate 3
Rep 1
Flot 7 Flot 10 Flot 23 Flot 26 Flot 33
wC EFT AL EFT wWC
Gly Gly Gly Gly Gly
Rate: 2 Rate 1 Rate: 2 Rate: 2 Rate 3
Plat & Flat 11 Flat 22 Flat 35
BFT wC BFT Flat 2T wWC
Gly Gly Gly CLEAM Gly
Rate: 2 Rate 3 Rate 1 Rate 1
Rep 2
Plat & Flat 12 Plat 21 Flat 25 Plat 37
AL [Llee BFT WG AL
Gly Gly Gly Gly Gly
Rate: 2 Rate 1 Rate 3 Rate: 2 Rate 3
Plat 4 Flat 13 Flat 20 Flat 23 Flat 36
BFT [Llee AL WG BFT
Gly Gly Gly Gly Gly
Rate: 2 Rate 2 Rate 3 Rate: 2 Rate 1
Rep 3
Plat 3 Flat 14 Plat 13 Flat 30 Plat 35
BFT [Llee wWC WG CLEAM
Gly Gly Gly Gly Gly
Rake 3 Rate 1 Rate 1 Rate 3 Rate 3
Plat 2 Flat 15 Plat 15 Flat 31 Flat 54
AL wC BFT EFT wWC
Gly Gly Gly Gly Gly
Rate: 2 Rate 1 Rate 1 Rate: 2 Rate 3
Rep 4
Flot 1 Plat 16 Plot 1T Plot 32 Flot 33
CLEAM [Llee wWC Pl EFT
Gly Gly Gly Gly Gly
Rate 3 Rate 5 Rate: 2 Rate 1 Rate 3
Abbrieriations
WC “w'hite Claver
Pl Fred Claver, wWhite Clover, Kura Cloyer
EFT Eird=foot Trefoil
Clean Mo Legume
Gly Rate 1 Glyphaosate: 1.0 kg a.e. ha-1
Gly Rate 2 Glyphasate: 1.5 kg a.e. ha-1
Gly Rate 3 Glyphazate: 2.0 kg a.e. ha-1

Figure C-1.2 Furrow irrigated site: 2010 field map.
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APPENDIX C-2: CHEMICAL SUPPRESSION OF ESTABLISHED
LEGUMINOUS LIVING MULCHES-ANALYSIS OF VARIANCE TABLES
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Table C-2.1. Analysis of variance for corn grain yield at the sprinkler irrigatel site
in 2010.

Degrees of freedom F value P value
suppression 3 3.30 0.0993
legume 3 3.50 0.0309
suppression * 9 2.31 0.0490

legume

Table C-2.2. Analysis of variance for corn leaf residue at the sprinkler iigated site
in fall 2010.

Degrees of freedom F value P value
suppression 3 1.86 0.2370
legume 3 2.57 0.0782
suppression * 9 2.50 0.0353

legume

Table C-2.3. Analysis of variance for corn stem residue at the sprinkleriigated
site in fall 2010.

Degrees of freedom F value P value
suppression 3 1.58 0.2891
legume 3 1.25 0.3136
suppression * 9 2.25 0.0549

legume

Table C-2.4. Analysis of variance for total corn residue at the sprinkler nigated site
in fall 2010.

Degrees of freedom F value P value
suppression 3 1.64 0.2763
legume 3 1.61 0.2132
suppression * 9 3.82 0.0041

legume

Table C-2.5. Analysis of variance legume biomass at the sprinkler irrigadiesite in
fall 2010: square root transformed.

Degrees of freedom F value P value
suppression 3 1.62 0.2111
legume 3 17.51 <.0001
suppression * 9 4.80 0.0024

legume
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Table C-2.6. Analysis of variance for weed biomass at the sprinkler irrigat site in
fall 2010: square root transformed.

Degrees of freedom F value P value
suppression 3 1.89 0.1511
legume 3 3.84 0.0187
suppression * 9 1.95 0.0799

legume

Table C-2.7. Analysis of variance for corn grain yields at the furrow irrigated ge in
2010.

Degrees of freedom F value P value
suppression 2 2.94 0.0719
legume 2 4.71 0.0188
suppression * 4 0.12 0.9752

legume

Table C-2.8. Analysis of variance for corn grain yields at the furrow irrigated ge in
2010-Dunnett’s test.

Degrees of freedom F value P value

treatment 9 2.57 0.0281

Table C-2.9. Analysis of variance for corn leaf residue at the furrow irrigatedite in
fall 2010.

Degrees of freedom F value P value
suppression 2 1.73 0.1994
legume 2 0.06 0.9464
suppression * 4 0.43 0.7857

legume

Table C-2.10. Analysis of variance for corn leaf residue at the furrow irrigate site
in fall 2010-Dunnett’s test.

Degrees of freedom F value P value

treatment 9 0.57 0.8070

Table C-2.11. Analysis of variance for corn stem residue at the furrow irgated site
in fall 2010: square root transformed.

Degrees of freedom F value P value
suppression 2 1.32 0.2864
legume 2 0.93 0.4078
suppression * 4 0.24 0.9143

legume

Table C-2.12. Analysis of variance for corn stem residue at the furrow irgated site
in fall 2010: square root transformed-Dunnett’s test.

Degrees of freedom F value P value

treatment 9 0.63 0.7643
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Table C-2.13. Analysis of variance for total corn residue at the furrow irriga¢d site
in fall 2010: log transformed.

Degrees of freedom F value P value
suppression 2 3.03 0.0669
legume 2 0.34 0.7145
suppression * 4 0.96 0.4490

legume

Table C-2.14. Analysis of variance for total corn residue at the furrow irriga¢d site
in fall 2010: log transformed-Dunnett’s test.

Degrees of freedom F value P value

treatment 9 1.03 0.4405

Table C-2.15. Analysis of variance for legume biomass at the furrow irrigated sitin
fall 2010: square root transformed.

Degrees of freedom F value P value
suppression 2 0.38 0.6905
legume 2 45.17 <.0001
suppression * 4 0.98 0.4392

legume

Table C-2.16. Analysis of variance for weed biomass at the furrow irrigatedtsiin
fall 2010: square root transformed.

Degrees of freedom F value P value
suppression 2 1.61 0.2200
legume 2 0.38 0.6883
suppression * 4 0.48 0.7477

legume

Table C-2.17. Analysis of variance for weed biomass at the furrow irrigatedts in
fall 2010: square root transformed -Dunnett’s test.

Degrees of freedom F value P value

treatment 9 0.61 0.7671
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APPENDIX D-1: RECOVERY OF POTENTIAL LEGUMINOUS LIVING
MULCHES AFTER SPRING GLYPHOSATE APPLICATION-FIELD MAP
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Flotl | Plot40 | Plotst |Flatsa | Plorst| o
AlF | ko | BFT | wC | RC dphosate
Fate 4
Plot2 |Plot3g | Plot#2 | Plot7g |Platsz| oo
alF | ko | BFT | wo | RC o
Rate 1
Flat 3 | Plot 32 | Plot43 [ Plot 72 | Plot 23
alF | ko | BFT | wo | RO
Fep1 i}
Flot4 | Plot 37 | Plot#4 | Plot?T | Plorss | o
alF | ko | BFT | wC | RC dphosate
Fate 2
FlotS | Plot36 | Plot45 | Plot76 | Plotss | guoe o
alF | k& | BFT | wo | RC s
Plot§ | Plot 35 | Plot 46 | Plot7s | Plorse |
wWC | ALF | BFT | KT | RC dphesate
Fate 3
Flot 7 | Plot 34 | Plot47 | Plot 74 |Plats? | o
wi | alF | BFT | ko | RC Ly
Fiate 4
Plots | Plot33 | Plot#s | Plot 73 [Platss| o
wi | alF | BFT | ko | Ao yphasate
Fep2 Rate 2
Flat | Plot 32 | Plot 43 [ Plot 7z | Plosa
we | aLF | BFT | ko | Ao o
Flot10 | Plot 31 | Plot50 | Plot 71 |Plat3n | guopeoae
wi | aLF | BFT | ko | RC .
Flot 11 | Plot 20 | Plot51 | Plot 70 | Plat 1
ke | re | wo | BFT | ALF 0
Flot1z | Plot23 | Plotsz | Flotea |Plarsz| o
kC | Rc | wc | BFT | aLF dphosate
Fate 4
Ploti3 | Plot2g | Plotss | Plotes |Platss| o
kC | Rz | wo | BFT | aLF o
Fep3 Rate 2
Flot i | Plot 27 | Plot54 | Piot67 | Plats4| o
ke | rz | wo | BFT | aLF Ll
Rate 3
Flot 16 | Plot 26 | PlotSs | Piot66 | PIat3s | guopccse
ke | rc | we | BFT | aLF Loy
Flat 16 | Plat 26 | Plotse | Plates | Plot se
BFT | Rz | ko | wo | aLF 0
Flot 17 | Plot 24 | Plot57 | Plate |Plats? | o
BFT | RC kG | wo | ALF dphesate
Fate 3
Flot 18 | Flot 23 | Plotss | Plotes |Plass| o
BFT | Rz | k& | wo | aLF Ly
Rep 4 Rate &
Plot 19 | Plot 22 | Plot59 | Plotez [Plotsa| o
BFT | Rz | k& | wo | aLF yphasate
Rate 4
Plot 20 | Plat 21 | Plote0 | Plat 81 [PIot 100l g pecare
BFT | RC | ko | wo | ALF it

Figure D-1.1 Field study: 2010 field map.
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Abbreviation
Wi “white Clover
RC Red Clover
BFT Birdsfoaot Trefoil
KC Kura Claver
ALF Alfalfa
Glyphosate Rate 1 10kgae had
Glyphosate Rate 2 15kg a.e ha-1
Glyphos=ate Fate 3 2.0kgae hai
Glyphos=ate Fate 4 2.5 kg ae ha
M
E e
5

Flot Dimensions: 21m i 1.5m




APPENDIX D-2: RECOVERY OF POTENTIAL LEGUMINOUS LIVING
MULCHES AFTER SPRING GLYPHOSATE APPLICATION-ANALYSIS OF
VARIANCE TABLES
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Table D-2.1. Analysis of variance for above-ground legume biomass (percent of
control) of field herbicide rate study sampled eight and sixteen weslafter herbicide
application in spring 2010: square root transformed.

Degrees of F value P value
freedom
date 1 33.35 0.0019
legume 3 93.30 <.0001
date *legume 3 10.34 <.0001
sprayRate 3 29.49 <.0001
date * sprayRate 3 3.15 0.0293
legume * sprayRate 9 2.25 0.0270
date * legume * sprayRate 9 3.45 0.0012

Table D-2.2. Analysis of variance for above-ground legume biomass (percent of
control) of field herbicide rate study sampled eight weeks after héicide application
in spring 2010: square root transformed.

Degrees of F value P value
freedom
legume 3 164.63 <.0001
sprayRate 3 15.68 0.0004
legume * sprayRate 9 2.55 0.0285

Table D-2.3. Analysis of variance for above-ground legume biomass (percent of
control) of field herbicide rate study sampled sixteen weeks afterenbicide
application in spring 2010: square root transformed.

Degrees of F value P value
freedom
legume 3 43.02 <.0001
sprayRate 3 16.90 <.0001
legume * sprayRate 9 3.35 0.0045

Table D-2.4. Analysis of variance for above-ground kura clover biomass of field
herbicide rate study sampled eight and sixteen weeks after herbi@dapplication in
spring 2010.

Degrees of F value P value
freedom
date 1 66.32 <.0001
sprayRate 3 1.99 0.1855
date * sprayRate 3 0.22 0.8812
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Table D-2.5. Analysis of variance for above-ground weed biomass of field herie
rate study sampled sixteen weeks after herbicide application in simg 2010.

Degrees of F value P value
freedom
legume 4 66.27 <.0001
sprayRate 3 9.29 <.0001
legume * sprayRate 12 1.05 0.4208

Table D-2.6. Analysis of variance for above-ground legume biomass (percent of
control) of pot herbicide rate study sampled eight weeks after herbide application
in spring 2010: square root transformed.

Degrees of F value P value
freedom
Legume 4 52.95 <.0001
sprayRate 2 31.82 <.0001
legume * sprayRate 8 1.46 0.1859

Table D-2.7. Analysis of variance for legume root/crown biomass (percent of
control) of pot herbicide rate study sampled eight weeks after herbide application
in spring 2010.

Degrees of F value P value
freedom
Legume 4 3.11 0.1225
sprayRate 2 16.62 <.0001
legume * sprayRate 8 0.54 0.8187
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APPENDIX D-3: RECOVERY OF POTENTIAL LEGUMINOUS LIVING
MULCHES AFTER SPRING GLYPHOSATE APPLICATION-VISUAL
EVALUATIONS OF HERBICIDE TREATMENTS
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Table D-3.1. Rating scale for visual evaluations of legumes pot and field
studies in 2010.

Rating Description
100 No visible damac
95 Slight wilting or chlorosi
90 Severe wilting, >50% of leaves are chlorotic OR 10%s of
green biomass relative tcuntreated control
80 Most leaf tissue is chlorotic, severe desiccatsame necrosi
OR 20% loss of green biomass relative to a untdezdatro
70 30% loss of green biomass relative to a untreatetral
60 40% loss of green biomass relative tcntreated contre
50 50% loss of green biomass relative to a untreatetral
40 60% loss of green biomass relative to a untreatetra
30 70% loss of green biomass relative to a untreatetral
20 80% loss of green biomass relative to a untre contro
10 90% loss of green biomass relative to a untreatetral
0 Plant has no green biomass and appears compleiad
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----- Glyphosate: 1.0 kg a.e. ha-1 === Glyphosate: 1.5 kg a.e. ha-1
= == Glyphosate: 2.0 kgae. ha-1 = =+ Glyphosate: 2.5 kg a.e. ha-1

Figure D-3.1 Field herbicide rate study: visual ratings of Halfa over eight weeks
following glyphosateapplication in spring 2010.
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Figure D-3.2 Field herbicide rate study: visual ratings of irdsfoot trefoil over eight
weeks following glyphosate application in spring 200.
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Figure D-3.3 Field herbicide rate study: visual ratings of kira clover over eight weeks
following glyphosate application in spring 201(
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Figure D-3.5 Field herbicide rate study: visual ratings of wkite clover over eight weeks
following glyphosate application in spring 201(
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Figure D-3.6 Greenhouse herbicide rate study: visual ratingef alfalfa over eight
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Figure D-3.7 Greenhouse herbicide rate study: visual ratingsf birdsfoot trefoil over
eight weekdollowing glyphosate application in spring 201(
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Figure D-3.8 Greenhouse herbicide rate study: vual ratings of kura clover over
eight weeks following glyphosate application in spng 2010
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weeks following glyphosate application in spring 200
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APPENDIX D-4: RECOVERY OF POTENTIAL LEGUMINOUS LIVING
MULCHES AFTER SPRING GLYPHOSATE APPLICATION-LINEAR
REGRESSIONS
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Table D-4.1. Linear regressions of above-ground legume biomass (percent of
control) from field study eight weeks after herbicide application inspring 2010.

Degrees of

T value P value
freedom

alfalfa 44 -0.74 0.4619

birdsfoot trefoil 44 -1.31 0.1966

red clover 44 -5.14 <.0001

white clover 44 -6.93 <.0001

Table D-4.2. Linear regressions of above-ground legume biomass (percent of
control) from field study sixteen weeks after herbicide applicationn spring 2010
Degrees of

T value P value
freedom

alfalfa 44 -1.39 0.1720

birdsfoot trefoil 44 -4.59 <.0001

red clover 44 -3.89 0.0003

white clover 44 -0.02 0.9859

Table D-4.3. Linear regressions of above-ground legume biomass (percent of
control) from pot study eight weeks after herbicide application in spng 2010.
Degrees of

T value P value
freedom

alfalfa 78 -0.64 0.5224

birdsfoot trefolil 78 -2.44 0.0171

kura clover 78 -5.12 <.0001

red clover 78 -0.70 0.4851

white clover 78 -4.21 <.0001

Table D-4.4. Linear regressions of legume root/crown biomass (percent of cool)
from pot study eight weeks after herbicide application in spring 2010.

Degrees of

T value P value
freedom

alfalfa 78 -1.12 0.2661

birdsfoot trefoil 78 -2.21 0.0299

kura clover 78 -1.88 0.0632

red clover 78 -1.57 0.1195

white clover 78 -3.24 0.0017
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