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COVER CROPS IN FIELD-GROWN NURSERIES: IMPACTS ON TREE GROWTH,

PEST, AND BENEFICIAL ARTHROPODS

ABSTRACT
AXEL GONZALEZ. Cover Crops in Field-Grown Nurseries: Impacts on Tree Growth,
Pest, and Beneficial Arthropods (Under the direction of DR. KARLA ADDESSO).

The purpose of this thesis was to evaluate the performance of cover cropping in
ornamental nursery production systems. The first experiment evaluated the growth of red
maple trees at two different transplant timings into a crimson clover, Fall Transplant and
Spring Transplant. The trees in the Spring Transplanted treatment grew more compared
to the Fall Transplanted treatment.

In the second experiment, the establishment of two winter cover crops, crimson
clover and triticale, was evaluated using Broadcast or Drill planting methods. The
triticale established better with Drill method while crimson clover established equally
well when Drilled or Broadcast. No significant differences were observed in soil
microbial biomass carbon and nitrogen, or arthropod community composition indices
between the treatments.

The third experiment consisted of the final two years of a four-year study on red
maple trees grown with or without cover crop during the first two years post-transplant.
The initial two-year study established the success of the cover crop in protecting trees
against flatheaded borer damage, but with negative impact on tree growth. The total

number of damaged trees during years 3 and 4 confirms that trees are more susceptible
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during first two years after transplant. A total of 24 attacks on Herbicided trees, 2 attacks
on Herbicide + insecticide trees, 6 attacks on Cover Crop trees and 0 attacks on Cover
Crop + Insecticide trees were recorded. Trees in Herbicide rows remained one season
ahead in growth compared to the trees under Cover Crop rows.

A fourth experiment was conducted as a follow-up to the original cover crop
study. Four treatments were evaluated: Cover Crop, Early Kill Cover Crop, Herbicide
and Mulch Mat. The Early Kill treatment was evaluated to minimize competition
between the cover crop and trees while still providing protection against borers.
Unfortunately, the Early Kill treatment did not prevent borer attacks. Over the two-year
evaluation period, the Early Kill treatment had more attacks than the Herbicide treatment

(16 vs. 11 attacks). The Cover Crop and Mulch Mat treatments had 6 attacked trees each.



viil

TABLE OF CONTENTS
DEDICATION ...ttt sttt ettt bbbttt et et e b b v
ACKNOWLEDGEMENT ..ottt sttt v
ABSTRACT ...ttt ettt sb ettt et b nae s vi
LIST OF TABLES ...ttt ettt ettt Xiii
LIST OF FIGURES ..ottt ettt sttt XX1
CHAPTER I INTRODUCTION......ccutiiiiiiiiiiiitinieste sttt sttt 1
OVETVIEW ...ttt ettt ettt et e e b e et e sha e e et e s he e e sk e e e et e et e eeateenbeasseeeaseesnseenbeasnseenseenaneans 1
ODJECLIVES 1.ttt sttt ettt ettt ettt e bbbt saeesbe et e e bt e beeatesaeens 3
CHAPTER II LITERATURE REVIEW ...ttt 5
INUTSETY INAUSIIY ..ottt st 5
Red Maple Production ........c.ccooieieiiiniiiiiieeeeeetese ettt 6
Pest Problems in Red Maple ......c..cocuoviiiiiiiiiiiiiiieceececee s 7
Flatheaded AppIetree BOTET .......cc.coiiriiiiiiiiiieiecereceeeee e 8
COVET CTOPS .t enttteenitte ettt ettt ettt ettt ettt et e ettt e e et e e et e e e bt e e e bt e e eabbeesabteesabeeesabeeenaneens 9
TYPES OF COVET CIOPS ..vveenvieiiieiieeiie ettt ettt ettt ettt ettt e e esseesaneesaeeenbeenees 13
Cover Crops in Nursery Production ............ccceecueeiieiiienieeiieie et 14
CHAPTER III MATERIALS AND METHODS .....cccooiiiiiiiiiiiieneeeeceeie e 15

Objective 1: Evaluation of Winter Cover Crop Stand Recovery and Tree Health

Following Fall or Spring Planting of Tree Liners .........ccccoecvevieverienienenienienenieneens 15



X

Field Experimental Design and Layout...........cccccveeiiieeiiieciiiecee e 15
Cover Crop EstabliShment...........c.coociiiiiiiiiiiiieieeeee et 16
Soil Moisture and Temperature Measurements............cccueevveerveerieenieeenneenneenneenneenne 16
Cover Crop EVAlUtioN .........cccvieiiieriieiieiie ettt ettt sveesaaeeveessaeenseens 17
WEEA ASSESSIMENL .....eeuieuiiiiitieieeiie ettt ettt et se et ibe e ea e et eatesate bt et e eseesbeentesnee e 17
TTEE GIOWLN...coiiiiii ettt ettt et eseee e 18
Pest and Beneficial Insect ASSESSIMENTS .......cciiiiiiiriiiiiiieiieeieeriee et 18

Objective 2: Evaluation of Two Planting Methods for Winter Cover Crops in

Established Tree FIelds .......coviiiiieiiiic ettt 19
Field Experimental Design and Layout...........cccccveeiiiiiiiieeiiiece e 19
Soil Moisture and Temperature Measurements............ceeeeeueeercieeenveeeniveeesveesnneeennns 20
Soil Microbial Carbon COontent .............cecueeriiiriieniiiiienieeeeeee e 20
Cover Crop Plot Evaluation .........ccoccoeiuieiiiiiienii e 21
WEEA ASSESSINENL .....c.eiiiiieiiieeiie ettt ettt ettt et e st e et esbeesaeeenseesnnas 21
Pest and Beneficial Insect ASSESSMENTS ........ceouereirieriiriinienieeieniesieee e 21

Objective 3: Long-Term Recovery of Tree Growth in Trees Established with Cover
Crops for Management of Flatheaded Borers ...........cccevvvviieiiiieiiiecieeceeece e 21

Field Experimental Design and Layout...........cccccveeiiieeiiieciieeeeecceeeeee e 21



Objective 4: Early Kill Cover Crop Management for Protection Against Flatheaded

BOTEIS ettt ettt ettt e 23
Experimental DESIZN ......ccueeeuiieiiiiiciie ettt et sree e ee e 23
CoVer Crop APPIICALION .....ccuiieeiiieeiiie et et e st e s e e seaeeesereeeereeesaeeesneeens 24
Pest and Beneficial InSect ASSESSMENES ........eevueeveirieriieiiiiienieeee et 24
Flatheaded Appletree Borers Evaluation ..........cccceeveeiieeniieiiiiniecieecieeeeeeeeeveeee 24
StatiStical ANALYSIS ...veeiuiiiiieiieeiieiee ettt ettt ere et e saeebeestaeesbeesaaesnreenaae e 25

CHAPTER IV RESULTS ..ottt ettt e et e e e iara e e st e e e e nnnraaeeennneas 27

Objective 1: Evaluation of Winter Cover Crop Stand Recovery and Tree Health

Following Fall or Spring Planting of Tree Liners .........cccceecvevieveriieniinennienieneeicneene 27
Plant Growth Measurement ............coouieiiieriienieeieeie et 27
Cover Crop Coverage and Density.........ccccueecuienieiiiienieeiienie et 28
Soil Moisture and Temperature Measurements............cceeeeeveeerereeerveeenieeeenneesnveeennns 28
Pest and Beneficial Insect ASSESSIMENTS .......ccceeviieiiieiiiiiienieeiieceeeeeeeee e 29

Objective 2: Evaluation of Two Planting Methods for Winter Cover Crops in

Established Tree FIelds .......cooooiiiiiiiii e 30
Cover Crop Coverage and Density in Pleasant Cove.........ccccevevieerieeenieeeniee e 30
Cover Crop Coverage and Density in FIowWer City .........cccoeeeeevieniiniiienieeienieeeens 30

Soil Moisture and Temperature Measurements in Pleasant Cove..........ccccevvenuennee 31



x1

Soil Moisture and Temperature Measurements in Flower City ..........ccceeeveeennennee. 32
Pest and Beneficial Insect Assessments in Pleasant Cove ..........ccocceevieriienienicenee. 32
Pest and Beneficial Insect Assessments in Flower City........cccoocveevienieeiiienieenieennee. 33
Soil Microbial Biomass CONtENL ..........ceuerierierierieiiieienieeieeee et 34

Objective 3: Long-Term Recovery of Tree Growth in Trees Established with Cover
Crops for Management of Flatheaded BOrers ..........cccoeviiiiiiniiiiiiciiiciiee e 34

Red Maple Plants Growth After Four-Year Transplant Using Winter Cover Crops 34

Objective 4: Early Kill Cover Crop Management for Protection Against Flatheaded

BOTEIS e ettt ettt ettt ettt et e et e e 35
Plant Trunk Diameter and Height...........ccccooioiiiiiniiniiiiccecee 35
COVET Crop DETSILY ...ciiiiiiiiiiieiie ettt ettt et ettt et e et e sieesteesaeeebeeseeesnneens 36
Pest and Beneficial Insect ASSESSIMENTS .......cccueeviiiriiiiiiiiiinieeieeeeee e 36
Flatheaded Appletree Borers Evaluation ............cccoeocvvieiiieeiiieniieecieceee e 36

CHAPTER V CONCLUSION ...ttt ettt sttt ettt nneeneas 38

Impacts of Cover Crops in Plant Growth with Fall or Spring Transplants.................... 38
Impacts of Cover Crops in Pest and Beneficial Communities .........c.ccceceenieeneennee. 40

Cover Crop Performance with Two Planting Methods in Established Trees Fields......41

Cover Crop Effect on Soil Microbial Biomass Content..............cceevreveieneeenieeneeenneene 42

Cover Crop Impact on Tree Growth in Trees Established After Fourth Years.............. 43



Early Kill Cover Crop Management for Protection Against Flatheaded Borers............

RECOMIMENAATIONS ...t e e e e e e et e e e e e e e e e e eaaaeeeeeeeeenaaaaeas

REFERENCES

APPENDICES

xii



Xiii

LIST OF TABLES
Table 1. Final trunk diameter and height for Trial 1, in 2019 after one year season grown

n crimson Clover OF WEEAY PLOS.. ...ccuiiieiiieeiiieeiie et e e eas 60

Table 2. Final caliper and height for Trial 2, in 2020 after one year season grown in

crimson clover or WeedY PIOLS.. ...ccuiiruiiiiieiieeiieeeeeeeeee et 61

Table 3. Cover crop height and percentage coverage, Trial 1 in April 2019.................... 62

Table 4. Dry weight of middle biomass from experimental field plots (mean + SEM) in

EIAL 1T 11 20091 oottt et ettt mnnnennnnnnnnnnnn 63

Table 5. Average (+ SE) height and percentage coverage of crimson clover crop after one

year for Trial 2 (2020)........ciiiieieeieee ettt ettt ettt eaeeens 64

Table 6. Results of the diversity indices for the arthropod samples from the pitfall traps

collected from May 2019 to July 2019 at the NRC Trial 1 plot. ......cceevvvveeeiiieniieiniens 65

Table 7. Results of the diversity indices for the arthropod samples from the sticky traps

collected from May 2019 to July 2019 at the NRC Trial 1 plot. .....ccccocveveriieniinieniennene 66

Table 8. List of total number of arthropod families in samples from the pitfall traps,
collected from May 2019 to July 2019 at the NRC Trial 1 plot. List sorted by largest to

smallest count. Cover crop used was Crimson ClOVET. .........cccceevvveriieeniieeniie e 67



Xiv

Table 9. List of total number of arthropod families in samples from the sticky traps from
the Cover Crop treatment, collected from May 2019 to July 2019 at the NRC Trial 1 plot.

List sorted by largest to smallest count. Cover crop used was crimson clover. ............... 68

Table 10. List of total number of arthropod families in samples from the sticky traps from
the Weed treatment, collected from May 2019 to July 2019 at the NRC Trial 1 plot.

Listed sort by largest to SMalleSt COUNL. .......ccueeiirieriiinieeieiiee et 69

Table 11. Average dry weight from samples collected at Pleasant Cove in 2019 in cover

CTrOP and Weed trEAMENIES. .....ccuviieieiieeeiiieeiieeecieeeeitteeestaeeeteeeeseeesbeeesaseeessseeessseeesseessseanns 70

Table 12. Average dry weight from samples collected at Flower City in 2019 in cover

CrOp and Weed trEAtMENLS. .....ccuueiiiiieriiiieerieeeiieeerteeeiteeeteeeaeeesteeesabeeessseeessseeenseeesaeenns 71
Table 13. Average soil moisture and soil temperature at Pleasant Cove in 2019............. 72
Table 14. Average soil moisture and soil temperature at Flower City in 2019. ............... 73

Table 15. Mean arthropod diversity index, equitability, and family richness at the

Pleasant Cove plots from the pitfall traps collected from May 2019 to July 2019........... 74

Table 16. Mean arthropod diversity index, equitability, and family richness at the

Pleasant Cove plots from the sticky traps collected from May 2019 to July 2019........... 75



XV

Table 17. Mean arthropod diversity index, equitability, and family richness at the Flower

City plots from the pitfall traps collected from May 2019 to July 2019...........ccveeennee. 76

Table 18. Mean arthropod diversity index, equitability, and family richness at the Flower

City plots from the sticky traps collected from May 2019 to July 2019..............ccuen...... 77

Table 19. List of total number of arthropod families in samples from the pitfall traps from
the Crimson Clover Broadcast treatment, collected from May 2019 to July 2019 at

Pleasant Cove. List sorted by largest to smallest count. ...........ccceeceeveriiniieninncnieneenn. 78

Table 20. List of total number of arthropod families in samples from the pitfall traps from
the Crimson Clover Drill treatment, collected from May 2019 to July 2019 at Pleasant

Cove. List sorted by largest to smallest Count. ..........ccceeevveeriiieeiieeniieece e 79

Table 21. List of total number of arthropod families in samples from the pitfall traps from
the Triticale Broadcast treatment, collected from May 2019 to July 2019 at Pleasant

Cove. List sorted by largest to smallest COUNL. .......cc.oevieriiieiiieiiiiieeee e 80

Table 22. List of total number of arthropod families in samples from the pitfall traps from
the Triticale Drill treatment, collected from May 2019 to July 2019 at Pleasant Cove. List

sorted by largest to smallest COUNL. .........c.eeeiiiiiiiiieiieeeeee e e e 81



Xvi

Table 23. List of total number of arthropod families in samples from the pitfall traps from
the Weed treatment, collected from May 2019 to July 2019 at Pleasant Cove. List sorted

by largest to SMallest COUNL.........eeivuiiiiiieiciie e e e e e e 82

Table 24. List of total number of arthropod families in samples from the sticky traps from
the Crimson Clover Broadcast treatment, collected from May 2019 to July 2019 at

Pleasant Cove. List sorted by largest to smallest COunt. .........c.cocceeiueerieeciienieeiiecie e 83

Table 25. List of total number of arthropod families in samples from the Sticky traps
from the Crimson Clover Drill treatment, collected from May 2019 to July 2019 at

Pleasant Cove. List sorted by largest to smallest count. ...........ccccoceeviriiniininninicneennn. 84

Table 26. List of total number of arthropod families in samples from the sticky traps from
the Triticale Broadcast treatment, collected from May 2019 to July 2019 at Pleasant

Cove. List sorted by largest to smallest count. ..........ccceeeveeeriiieniieiniieee e 85

Table 27. List of total number of arthropod families in samples from the sticky traps from
the Triticale Drill treatment, collected from May 2019 to July 2019 at Pleasant Cove. List

sorted by largest to smallest COUNL. ........c.coviiiiiiiiiieiiee e 86

Table 28. List of total number of arthropod families in samples from the sticky traps from
the Weed treatment, collected from May 2019 to July 2019 at Pleasant Cove. List sorted

by largest to SMallest COUNL. .........oovuiiiiiiieiieeeee e e e e 87



xvii

Table 29. List of total number of arthropod families in samples from the pitfall traps from
the Crimson Clover Broadcast treatment, collected from May 2019 to July 2019 at

Flower City. List sorted by largest to smallest count. ............ccceeeveviiiriieeniieenie e, 88

Table 30. List of total number of arthropod families in samples from the pitfall traps from
the Crimson Clover Drill treatment, collected from May 2019 to July 2019 at Flower

City. List sorted by largest to smallest COUNL. ..........cccovvieiiiiiiieriiiiie e 89

Table 31. List of total number of arthropod families in samples from the pitfall traps from
the Triticale Broadcast treatment, collected from May 2019 to July 2019 at Flower City.

List sorted by largest to smallest COUNL. ....coouieiiiiiiiiiiiiieie e 90

Table 32. List of total number of arthropod families in samples from the pitfall traps from
the Triticale Drill treatment, collected from May 2019 to July 2019 at Flower City. List

sorted by largest to smallest COUNL. .........c.oeeiiiieiiiieiiee et 91

Table 33. List of total number of arthropod families in samples from the Pitfall traps from
the Weed treatment, collected from May 2019 to July 2019 at Flower City. List sorted by

largest t0 SMAlEST COUNL. ...c..eiiuiiiiiiiiiiier et 92

Table 34. List of total number of arthropod families in samples from the sticky traps from
the Crimson Clover Broadcast treatment, collected from May 2019 to July 2019 at

Flower City. List sorted by largest to smallest count. ...........cccoeeeveiiieniiieeniieeniie e, 93



XViii

Table 35. List of total number of arthropod families in samples from the Sticky traps
from the Crimson Clover Drill treatment, collected from May 2019 to July 2019 at

Flower City. List sorted by largest to smallest count. ............ccceeeveviiiriieeniieenie e, 94

Table 36. List of total number of arthropod families in samples from the sticky traps from
the Triticale Broadcast treatment, collected from May 2019 to July 2019 at Flower City.

List sorted by largest to SMalleSt COUNL. .......coueeiirieriiiniinieiiee et 95

Table 37. List of total number of arthropod families in samples from the sticky traps from
the Triticale Drill treatment, collected from May 2019 to July 2019 at Flower City. List

sorted by largest to smallest COUNL. ..........ooieiiiiiiiiiii e 96

Table 38. List of total number of arthropod families in samples from the sticky traps from
the Weed treatment, collected from May 2019 to July 2019 at Flower City. List sorted by

largest to SMALlESt COUNL. ......eeiiiiiiiiieiiec e e e e e ens 97

Table 39. Microbial biomass carbon and nitrogen content at Pleasant Cove in 2019....... 98

Table 40. Microbial biomass carbon and nitrogen content at Pleasant Cove in 2019...... 99

Table 41. Final tree trunk diameter and height after four years of cover crop evaluation at
IMOOTE™S TIUISETY. .eeuvtieeuitieeiieeeitee ettt e et e e et e e st e e sabeeesabeeesabee e abeessabeesnseesneeesanseesnseesnnne 100
Table 42. Initial trunk diameter and tree height at the time of transplanting for the Early

Kill Cover Crop @XPeriMENt..........ccueerueerriieriieeiieniieetiesieeeieesereeteesseeeseesseesseesseesnseenenas 101



XiX

Table 43. Final trunk diameter and tree height one year after transplanting for the Early

Kill CoVer Crop EXPEeITMENL........ecevveeeiieeeiieeeieeeeieeeereeesreeesreeessseesssseesssseesnssessnsseesnnns 102

Table 44. Community statistics for arthropod samples from the pitfall traps collected at

Moore’s nursery from May 2019 to July 2019, ......cocviviieiiiiiieieeceee e, 103

Table 45. Community statistics for arthropods samples from the sticky traps collected at

Moore’s nursery from May 2019 to July 2019. ..., 104

Table 46. Total number of arthropods samples from the pitfall traps collected at Moore’s

nursery from May 2019 to July 2019 for the Cover Crop treatment. ...........ccceeveeneenee. 105

Table 47. Total number of arthropods samples from the pitfall traps collected at Moore’s

nursery from May 2019 to July 2019 for the Cover Crop Early Kill treatment. ............ 106

Table 48. Total number of arthropods samples from the pitfall traps collected at Moore’s

nursery from May 2019 to July 2019 for the Herbicide treatment. ............coccceveeenennnee. 107

Table 49. Total number of arthropods samples from the pitfall traps collected at Moore’s

nursery from May 2019 to July 2019 for the Mulch Mat treatment. ..........c.cccceeveeneenee. 108

Table 50. Total number of arthropods samples from the sticky traps collected at Moore’s

nursery from May 2019 to July 2019 for the Cover Crop treatment. ............ccceeeeuneeneee. 109



XX

Table 51. Total number of arthropods samples from the sticky traps collected at Moore’s

nursery from May 2019 to July 2019 for the Cover Crop Early Kill treatment. ............ 110

Table 52. Total number of arthropods samples from the sticky traps collected at Moore’s

nursery from May 2019 to July 2019 for the Herbicide treatment. .............cccoeeveennnnnee. 111

Table 53. Total number of arthropods samples from the sticky traps collected at Moore’s

nursery from May 2019 to July 2019 for the Mulch Mat treatment. .............ccccceeenneeneee. 112



xx1

LIST OF FIGURES
Figure 1. Cover crop and weeds volumetric water content (= SEM) from 7 mo, Trial 1
2019 with crimson clover as a winter cover crop. Values with different letters are
statistically different by General Linear Model (GLM) with means separated by LSmeans

adjusted Tukey analysis (P < 0.05) (F =0.69,df =1, P=0.4082). ....cccvverrrrrierrrrnenns 113

Figure 2. Cover crop and weeds soil temperature (= SEM) from 7 mo, Trial 1 2019 with
crimson clover as a winter cover crop. Values with different letters are statistically
different by General Linear Model (GLM) with means separated by LSmeans adjusted

Tukey analysis (P < 0.05) (F=0.0,df =1, P=0.9817) .ccocoerinimiririiicccnineneee. 114

Figure 3. Cover crop and weeds volumetric water content (+ SEM) from 7 mo, Trial 2
2020 with crimson clover as a winter cover crop. Values with different letters are
statistically different by General Linear Model (GLM) with means separated by LSmeans

adjusted Tukey analysis (P <0.05) (F=0.36,df =1, P=0.551).. ceeceerrieriireierreenenns 115

Figure 4. Cover crop and weeds soil temperature (= SEM) from 7 mo, Trial 2 2020 with
crimson clover as a winter cover crop. Values with different letters are statistically
different by General Linear Model (GLM) with means separated by LSmeans adjusted

Tukey analysis (P < 0.05) (F = 0.0, df = 1, P=0.9499).. e+oo..ecrevrveeerererrecerrerreecrreerrrs 116



xxii

Figure 5. Soil temperature at NRC plot Trial 1 from Dec. 2018 to Jun. 2019. Using

crimson clover as cover crop and weeds as CONntrol. ...........ccccveeeeieeriieencee e, 117

Figure 6. Volumetric water content at NRC plot Trial 1 from Dec. 2018 to Jun. 2019.

Using crimson clover as cover crop and weeds as control. ...........ccccvevveeieenieenieennnnnn 118

Figure 7. Soil temperature at NRC plot Trial 2 from Dec. 2019 to Jun. 2020. Using

crimson clover as cover crop and weeds as Control. ........ccccocviveeeciieeriieecciee e 119

Figure 8. Volumetric water content at NRC plot Trial 2 from Dec. 2019 to Jun. 2020.

Using crimson clover as cover crop and weeds as control. ..........cccecvevveeeieenieeneennnnnnn. 120

Figure 9. Average cover crop ground area coverage at Pleasant Cove, using triticale and
crimson clover as winter cover crops with two planting methods; Drill and Broadcast.
Values with different letters are statistically different by General Linear Model (GLM)
with means separated by LSmeans adjusted Tukey analysis (P < 0.05) (F =8.38, df =3,

P = 0.0028).. cvveooeeeeeeeeeee e ee s e e s e e st ee s e 121

Figure 10. Average cover crop ground area coverage at Flower City, using triticale and
crimson clover as winter cover crops with two planting methods; Drill and Broadcast.
Values with different letters are statistically different by General Linear Model (GLM)
with means separated by LSmeans adjusted Tukey analysis (P < 0.05) (F'=5.57, df =3,

P =0.0125) . oottt 122



xXXiii

Figure 11. Volumetric water content in percentage at Pleasant Cove. Data collected from
October 2018 to June 2019. Using triticale and crimson clover as winter cover crops with

two planting methods, drill, and broadcast. ...........ccceeeeviieeciiiiniiiicee e 123

Figure 12. Average soil temperature (C°) by month at Pleasant Cove. Data collected from
October 2018 to June 2019. Using triticale and crimson clover as winter cover crops with

two planting methods, drill, and broadcast. .............ccoerieeiiiniiieiiiiiieeeece e 124

Figure 13. Volumetric water content in percentage at Flower City. Data collected from
October 2018 to June 2019. Using triticale and crimson clover as winter cover crops with

two planting methods, drill, and broadcast. ............ccccoeviiriiiniiiiiii e, 125

Figure 14. Average soil temperature (C°) by month at Flower City. Data collected from
October 2018 to June 2019. Using triticale and crimson clover as winter cover crops with

two planting methods, drill, and broadcast. ...........ccoeeeeviieriiiieniiiiiece e 126

Figure 15. Total number of trees damaged by flatheaded borers in treatments after 4 yr.
Tree damage was analyzed by using a General Linear Model fitted to a negative binomial
distribution (Proc Genmod) (Chi-Square = 34.40, df = 3, P =0.0001). Treatments: 1)
Herbicide + Insecticide, 2) Herbicide + Non-Insecticide, 3) Cover Crop + Insecticide and
4) Cover Crop + non-insecticide. Cover crops used were winter wheat, crimson clover,

ANA ANNUAL TYE GIASS. ....vieuiieeiiieitieeie ettt et et e et e st e et e sateebeessaeesseesseeenseensseenseens 127



XX1V

Figure 16. Final tree diameter after 4-yr production. Values with different letters are
statistically different by General Linear Model (GLM) with means separated by LSmeans
adjusted Tukey analysis (P < 0.05) (¥ = 88.68, df =6, P =0.0001). Treatments: 1)
Herbicide + Insecticide, 2) Herbicide + Non-Insecticide, 3) Cover Crop + Insecticide and
4) Cover Crop + non-insecticide. Cover crops used were winter wheat, crimson clover,

ANd ANNUAL TYE GIASS. ....viiuiieeiiieiie ettt ettt et e e eke e st e sabeesaeeebeesneeenseesseeenseans 128

Figure 17. Final tree height after 4-yr production. Values with different letters are
statistically different by General Linear Model (GLM) with means separated by LSmeans
adjusted Tukey analysis (P < 0.05) (F = 60.85, df =6, P =0.0001). Treatments: 1)
Herbicide + Insecticide, 2) Herbicide + Non-Insecticide, 3) Cover Crop + Insecticide and
4) Cover Crop + non-insecticide. Cover crops used were winter wheat, crimson clover,
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Figure 18. Tree height growth over time after 4-yr production. Treatments: 1) Herbicide
+ Insecticide (Barelns), 2) Herbicide (Bare), 3) Cover Crop + Insecticide (Coverlns) and
4) Cover Crop + non-insecticide (Cover). Cover crops used were winter wheat, crimson
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Figure 19. Tree trunk diamter growth over time after 4-yr production. Treatments: 1)

Herbicide + Insecticide (Barelns), 2) Herbicide (Bare), 3) Cover Crop + Insecticide
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