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Abstract:
Alfalfa is the most important cultivated forage in the world. Livestock utilizing alfalfa for hay or
pasture are provided with an exceptional balance of vitamins, proteins, and minerals. Alfalfa has been
evaluated for use as a pasture crop, however, little is known about its response to Short Duration
Grazing (SDG). Short duration grazing is a grazing system where existing rangeland or pasture are
subdivided into many smaller paddocks. Livestock are allowed to graze a paddock for a short time
period and then rotated to the next paddock. As a result, forage is utilized more efficiently than with
other systems. The objective of this study was to evaluate various simulated SDG treatments on alfalfa
yield, stand persistence, plant vigor, root carbohydrate response, and forage quality.

In 1986, a 2 x 3 x 3 factorial study was initiated at Bozeman and Kalispell, Montana to evaluate two
cultivars ('Spredor II' and 'Maxim'), three harvest frequencies (8, 16, and 32 day harvest intervals), and
three harvest intensities (33%, 50% and 67% top growth removal). Three control treatments (prebud,
prebloom and 10% bloom) and a graduated treatment (GRAD) were also included.

Forage yields were highest for treatments with less severe harvest pressure. Treatments cut frequently
generally were less vigorous than other treatments. Carbohydrate levels in mid-August were lowest for
treatments cut frequently during the season. Later in the fall, differences in carbohydrate levels among
treatments were negligible. Even though some treatments were harvested more than 24 times in two
years, very little stand loss occurred during the study. Treatments had little effect on root diameters.
Forage quality was high for treatments cut frequently. As rest between harvests increased, forage
quality declined.

Short duration grazing shows promise for use on alfalfa in Montana. More research is needed,
particularly grazing trials with livestock, and an evaluation of alfalfa in mixes with forage grasses for
use with SDG. 
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Date



V

ACKNOWLEDGMENTS

I wish to express my sincere gratitude to the 
following:

Dr. Ray Ditterline and Leon Welty for serving as my 
major professors and providing guidance, encouragement, and 
support.

Drs. Loren Wiesner and Clayton Marlow for their 
suggestions and assistance while serving on my graduate 
committee.

Dr. Jack Martin for his assistance with statistical 
analyses and for editing this thesis.

Robert Dunn for his excellent assistance and for being 
a good friend throughout my program.

Louise Prestbye for collecting and handling data at 
Kalispell.

Dr. Nick Hill for his collaboration with the 
carbohydrate and forage quality analyses.

Dr. Jarvis Brown for his assistance and the use of his 
laboratory and equipment.

My father and mother, sisters, and relatives who have 
supported and encouraged me throughout my studies.

Michelle, Eric, Dan, Todd, Laura, and the many other 
work-study laborers who slaved day-in and day-out to help 
collect the data for this thesis.



TABLE OF CONTENTS
Page

LIST OF T A B L E S ................................  ix
LIST OF FIGURES ............................... Xvii
ABSTRACT.............. .................... xxi
1. INTRODUCTION .............................' . . I
2. LITERATURE REVIEW ..........................  2

History.................. ................2
Alfalfa Management ................  . . .  4
Carbohydrate Reserves ....................  7
Fall Management............................ 9
Forage Quality ......................... 11
Grazing..............  13

3. ALFALFA YIELD AND VIGOR IN RESPONSE TO
INTENSITY AND FREQUENCY OF DEFOLIATION . . .  17

Materials and Methods ................... 17
Bozeman . . ......................... 17

1986 .............. .. . 17
1987   19
1988   20
1989   21

Kalispell . ............  . . . . . .  22
1986 .......................... .. • 22
1987   22
1988      23
1989   23

Results and Discussion .............  23
Forage Production ..................  23

Bozeman Seasonal Yields ..........  23
Bozeman Total Yields ............  28
Kalispell Seasonal Yields .........  32
Kalispell Total Yields ..........  34

vi



TABLE OF CONTENTS - Continued
Page

Alfalfa Vigor ......................  38
Bozeman Residual Harvest Effects . 38Kalispell Residual Harvest Effects 40

Plant H e i g h t s ..........   45
Bozeman Plant Heights ............  45
Kalispell Plant Heights ..........  47

4. STAND PERSISTENCE AND ROOT RESPONSE TO
FREQUENCY AND INTENSITY OF DEFOLIATION . . .  52

Materials and Methods . . . . .  ........  52
Bozeman ............................. 52
Kalispell . . ....................... 54

Results and Discussion . . . . . . . . .  54
Total Nonstructural Carbohydrates . . 54

Bozeman . ......................... 54
Kalispell........................  60

Occupancy..........................  63
Bozeman ........................... 63
Kalispell ......................... 68

Root Diameters......................  70
Bozeman ......................   70
Kalispell........................  73

5. ALFALFA FORAGE QUALITY IN RESPONSE TO
FREQUENCY AND INTENSITY OF DEFOLIATION . . .  80

Materials and Methods ..................  80
B o z e m a n ............................  80
Kalispell . ......................... 80

Results and Discussion ...............1 . 81
Seasonal Acid Detergent Fiber . . . .  81
Total Acid Detergent Fiber..........  84
Seasonal Neutral Detergent Fiber . . .  87
Total Neutral Detergent Fiber . . . .  90

vii



.. Viii....:

TABLE OF CONTENTS - Continued :
Page

Seasonal Protein ..........  . . . . .  92
Total Protein . . . . . . . . ... . . 94
Seasonal In Vitro Digestible Dry 
Matter . . . . . . . . .  . . . . . . 95
Total Jn Vitiro Digestible Dry Matter . 97

6. SUMMARY AND CONCLUSIONS . . . ............. 100
LITERATURE CITED . .. . . .. . . ............... . 105
APPENDICES . . . . . . . . . . . . .  .... . . . . . 112

. Appendix A Harvest D a t e s ........... . . . 113
Appendix B Temperature Data \ .. ... ■. . . . . .  lie
Appendix C Statistical Data . . . . . . .... 118
Appendix D Analyzing Total Non-Structural

Carbohydrates . . . .  . . . ., ... 147



ix

LIST OF TABLES
Table Page

1. Harvest schedule of two alfalfa cultivars 
at Bozeman and Kalispell, Montana,
1987-1989..................................  18

2. Seasonal dry matter forage production of
Spredor II and Maxim alfalfa at Bozeman as affected by harvest treatments............. 24

3. Total dry matter forage production of
Spredor II and Maxim alfalfa at Bozeman as 
affected by harvest treatments............. 29

4. Fall dry matter forage production of
Spredor II and Maxim alfalfa at Bozeman as 
affected by harvest treatments............. 3 0

5. Seasonal dry matter forage production for 
Spredor II and Maxim alfalfa at Kalispell ,
in 1988 as affected by harvest treatments. . 33

6. Total dry matter forage production for 
Spredor II and Maxim alfalfa at Kalispell
in 1988 as affected by harvest treatments. . 35

7. Fall dry matter forage production for 
Spredor II and Maxim alfalfa at Kalispell
in 1988 as affected by harvest treatments. . 36

8. Effect of previous years harvest treatments
on Maxim alfalfa yield at Bozeman in 1989. . 39

9. Effect of previous harvesting on Maxim 
alfalfa yield for harvest frequency at 
Bozeman in 1989............................  39

10. Effect of previous years treatments on 
Spredor II alfalfa yield at Kalispell in 
1989.......................................  41

11. Effect of previous years treatments on
Maxim alfalfa yield at Kalispell in 1989. ’. 41



X

. LIST OF TABLES - Continued
Table • Page
12. Effect of previous harvesting on alfalfa

yields for Cultivars at Kalispell in 1989. : 42
13. Bozeman spring plant heights as affected

by control treatments and harvest frequency .. and intensity. . .. . . .  . . . . . 45;/
14. Plant heights for cultivars at Bozeman in

1989. . . . . . . . . .. . . . . . . . . .. . ..47
15. Alfalfa plant heights at Kalispell as .;

affected by harvest treatments. . .- . . y . : 48 - '. ^
16. Spredor II alfalfa plant height as affected 

by harvest frequency and intensity at
Kalispell in May 1988. . . . . . . . . --49 ; .

17. Total Nonstructural Carbohydrate as 
affected by cultivars, harvest frequency
and intensity at Bozeman. . . . . . . . . 59

18. Total Nonstructural Carbohydrate as ■ -
affected by cultivars, harvest frequency
and intensity at Kalispell in October 1988. 64

19. Maxim alfalfa occupancy in 1988 as affected
by harvest treatments at Bozeman. . . . . . .  65

20. Occupancy factor level means for cultivars . .
at. Bozeman in September 1989. . . . . . . .  68

■ ■ ■■ •••' ■ "■21. Maxim alfalfa occupancy as affected by
harvest treatments at Kalispell in 1989,.. . . 69

22. Maxim alfalfa root diameters as affected by
harvest treatments at Bozeman in October
1988..................... ..................70

23. Spredor II alfalfa root diameters as
affected by harvest treatments at Bozeman 
in August 1989. . . . . . . . . . . . . .  . 71



xi

LIST OF TABLES - Continued
Table Page
24. Root Diameters as affected by harvest

frequency at Bozeman in October 1988. . . .  72
25. Spredor II root diameters as affected by 

harvest frequency and intensity at Bozemanin August 1989.............................  73
26. Maxim alfalfa root diameters as affected by 

harvest treatments at Kalispell in August
1988.............. . ................. .. 74

27. Spredor II alfalfa root diameters as 
affected by harvest treatments at Kalispell
in October 1988......................  74

28. Maxim alfalfa root diameters as affected by
harvest treatments at Kalispell in October 
1988.    75

29. Root diameters as affected by cultivars, 
harvest frequency and intensity at
Kalispell in August 1988.................... 76

30. Root diameters as affected by cultivars, 
harvest frequency and intensity at
Kalispell in October 1988. ................. 76

31. Mean Neutral Detergent Fiber concentration 
for cultivars for seasonal harvesting
(May - Aug.) at Bozeman in 1988............  89

32. Mean Neutral Detergent Fiber 
concentration as affected by cultivars and 
harvest frequency for total harvesting
(May - Oct.) at Bozeman in 1988............  91

33. Mean Protein concentration as affected 
by cultivars, harvest frequency and 
intensity for seasonal harvesting
(May - Aug.) at Bozeman in 1988............  93

34. Mean Protein concentration as affected by 
cultivars, harvest frequency and intensity 
for total harvesting (May - Oct.) at Bozeman
in 1988....................................  95



xii

LIST OF TABLES - Continued
Table Page
35. Mean In Vitro Digestible Dry Matter 

concentration as affected by cultivars, 
harvest frequency and intensity for 
seasonal harvesting (May - Aug.) at
Bozeman in 1988............................  97

36. Mean In Vitro Digestible Dry Matter 
concentration as affected by cultivars, 
harvest frequency and intensity for totalharvesting (May - Oct.) at Bozeman in 1988. 98

37. Harvest dates for factorial treatments at
Bozeman and Kalispell in 1988..............  114

38. Harvest dates for Spredor II factorial
treatments at Bozeman, Mt. in 1989.........  114

39. Harvest dates for control treatments at
Bozeman and Kalispell in 1988............ . 115

40. Harvest dates for Spredor II control
treatments at Bozeman in 1989..............  115

41. Mean Squares (MS) and Degrees of Freedom 
(DF) for Spredor II alfalfa forage yields 
at Bozeman as affected by harvest
treatments. . . . . . .  ..................  119

42. Mean Squares (MS) and Degrees of Freedom 
(DF) for Maxim alfalfa forage yields at 
Bozeman as affected by harvest treatments. . 119

43. Mean Squares (MS) and Degrees of Freedom 
(DF) for Bozeman forage yields as affected
by cultivars, harvest frequency and
intensity in 1988..........................  120

44. Mean Squares (MS) and Degrees of Freedom 
(DF) for Bozeman Spredor II forage yields 
as affected by harvest frequency and 
intensity in 1989..........................  12 0



LIST OF TABLES - Continued
• ' . !Table Page

xiii

45. Mean Squares (MS) and Degrees of Freedom 
(DF) for Spredor II and Maxim alfalfa

. forage yields at Kalispell as affected by 
harvest treatments in 1 9 8 8 . .......... .. . 121

46. Mean Squares (MS) and Degrees of Freedom 
(DF) for Kalispell forage yields as 
affected by harvest frequency and
intensity in 1988. . . . . .  ..............  122

A47. Mean Squares (MS) and Degrees of Freedom 
(DF) for residual Maxim alfalfa forage 
yields as affected by harvest treatments
at Bozeman in 1989. . . . ............. ... 122

48. Mean Squares (MS) and Degrees of Freedom 
(DF) for residual Maxim alfalfa forage 
yields as affected by harvest frequency
and intensity at Bozeman in 1989. . . . .  . 123

49. Mean Squares (MS) and Degrees of Freedom 
(DF) for residual Spredor II forage 
yields as affected by harvest treatments
at Kalispell in 1989. . . . . . . . . . . ... . 123

50. Mean Squares (MS) and Degrees of Freedom 
(DF) for residual Maxim alfalfa forage 
yields as affected by harvest treatments
at Kalispell in 1989. . . . ............. . 124

51. Mean Squares (MS) and Degrees of Freedom 
(DF) for residual alfalfa forage yields 
as affected by cultivars, harvest 
frequency and intensity at Kalispell in
1989.................................... .... 124

52. Mean Squares (MS) and Degrees of Freedom 
(DF) for May plant heights as affected
by harvest treatments at Bozeman. . . . . 125

53. Mean Squares (MS) and Degrees of Freedom 
(DF) for May plant heights as affected by 
cultivars, harvest frequency and intensity
at Bozeman. ........................... 125



xiv

LIST OF TABLES - Continued
Table
54. Mean Squares (MS) and Degrees of Freedom

(DF) for May plant heights as affected by 
harvest treatments at Kalispell..........

55. Mean Squares (MS) and Degrees of Freedom 
(DF) for May plant heights as affected
by harvest treatments at Kalispell.........

56. Mean Squares (MS) and Degrees of Freedom
(DF) for TNC as affected by harvest 
treatments at Bozeman......................

57. Mean Squares (MS) and Degrees of Freedom 
(DF) for TNC as affected by cultivars, 
harvest frequency and intensity at Bozeman.

58. Mean Squares (MS) and Degrees of Freedom
(DF) for TNC as affected by harvest 
treatments at Kalispell....................

59. Mean Squares (MS) and Degrees of Freedom
(DF) for TNC as affected by cultivars, 
harvest frequency and intensity at 
Kalispell..................................

60. Mean Squares (MS) and Degrees of Freedom 
(DF) for Spredor II occupancy counts as. 
affected by harvest treatments at Bozeman. .

61. Mean Squares (MS) and Degrees of Freedom
(DF) for Maxim occupancy counts as affected 
by harvest treatments at Bozeman...........

62. Mean Squares (MS) and Degrees of Freedom
(DF) for occupancy counts as affected by 
cultivars, harvest frequency and intensity 
at Bozeman.................................

63. Mean Squares (MS) and Degrees of Freedom 
(DF) for Kalispell occupancy as affected
by harvest treatments. .'..................

Page

126

127

128

129

129

130

130

131

131

132



XV

LIST OF TABLES - Continued
Table
64. Mean Squares (MS) and Degrees of Freedom

(DF) for Kalispell occupancy as affected 
by cultivars, harvest frequency and intensity. . . ..........................

65. Mean Squares (MS) and Degrees of Freedom
(DF) for Spredor II root diameters as 
affected by harvest treatments at Bozeman in 1988.......................... ..

66. Mean Squares (MS) and Degrees of Freedom 
(DF) for Maxim root diameters as affected 
by harvest treatments at Bozeman in 1988.

67. Mean Squares (MS) and Degrees of Freedom
(DF) for Spredor II root diameters as 
affected by harvest treatments at Bozeman in 1989.................................

68. Mean Squares (MS) and Degrees of Freedom
(DF) for root diameters as affected by 
cultivars, harvest frequency and intensity 
at Bozeman in 1988.......................

69. Mean Squares (MS) and Degrees of Freedom
(DF) for Spredor II root diameters as 
affected by harvest frequency and intensity 
at Bozeman in 1989..................... ..

70. Mean Squares (MS) and Degrees of Freedom
(DF) for Spredor II root diameters as 
affected by harvest treatments at Kalispell 
in 1988..................................

71. Mean Squares (MS) and Degrees of Freedom 
(DF) for Maxim root diameters as affected 
by harvest treatments at Kalispell in 1988.

72. Mean Squares (MS) and Degrees of Freedom
(DF) for root diameters as affected by 
cultivars, harvest frequency and intensity 
at Kalispell in 1988.....................

Pace

133

133

134

134

135

136

136

137

138



xvi

LIST OF TABLES - Continued
Table Page
73. Mean Squares (MS) and Degrees of Freedom 

(DF) for mean ADF concentration as 
affected by harvest treatments in 1988 for 
Spredor II and Maxim alfalfa at Bozeman. . . 139

74. Mean Squares (MS) and Degrees of Freedom
(DF) for mean ADF concentration as affected 
by cultivars, harvest frequency and 
intensity at Bozeman in 1988...............  140

75. Mean Squares (MS) and Degrees of Freedom 
(DF) for mean NDF concentration as affected by harvest treatments in 1988 for
Spreddf II and Maxim alfalfa at Bozeman. . .141

76. Mean Squares (MS) and Degrees of Freedom 
(DF) for mean NDF concentration as 
affected by cultivars, harvest frequency
and intensity at Bozeman in 1988...........  142

77. Mean Squares (MS) and Degrees of Freedom 
(DF) for mean protein concentration as 
affected by harvest treatments in 1988 for 
Spredor II and Maxim alfalfa at Bozeman. . .143

78. Mean Squares (MS) and Degrees of Freedom 
(DF) for mean protein concentration as 
affected by cultivars, harvest frequency
and intensity at Bozeman in 1988...........  144

79. Mean Squares (MS) and Degrees of Freedom
(DF) for mean IVDDM concentration as 
affected by harvest treatments in 1988 for 
Spredor II alfalfa at Bozeman.............. 145

80. Mean Squares (MS) and Degrees of Freedom 
(DF) for mean IVDDM concentration as 
affected by cultivars, harvest frequency
and intensity at Bozeman in 1988...........  146

81. Procedure used to analyze total
nonstructural carbohydrates from alfalfa
root tissue............................... 148



xvii

LIST OF FIGURES
Figure . Page

1. Alfalfa seasonal forage yield as affected 
by harvest frequency and intensity in 1988
at Bozeman. .. . . . ............ .. . 25

2. Alfalfa seasonal forage yield as affected 
by cultivars and harvest frequency in 1988
at Bozeman. , .......... 26

3. Alfalfa seasonal forage yield as affected 
by cultivars and harvest intensity in 1988at Bozeman...........  27

4. Spredor II alfalfa seasonal yield as . 
affected by harvest frequency and intensity
at Bozeman in 1989.................  28

5. Alfalfa total yield as affected by harvest 
frequency and intensity in 1988 at Bozeman. 31

6. Spredor II alfalfa total yield as affected, 
by harvest frequency arid intensity at
Bozeman in 1989.......... ... . . . . . . . 32

7. Alfalfa seasonal forage yield as affected 
by harvest frequency and intensity in 1988
at Kalispell.   33

8. Alfalfa total forage yield as affected by. 
harvest frequency and intensity in. 1988
at Kalispell.    36

9. Alfalfa total forage yield as affected by 
cultivars and harvest intensity in 1988
at Kalispell. . ......... .. ............. . 37

10. Alfalfa yields on July 27, 1989. as affected 
by 1988 harvest frequency and intensity
at Kalispell.     42

11. Alfalfa yields on Sept. 14, 1989 as 
affected by 1988 harvest frequency and 
intensity at Kalispell

V * I V •

43



xviii

LIST OF FIGURES - Continued
Figure
12. Total alfalfa yields in 1989 as affected 

by 1988 harvest frequency and intensity
at Kalispell...............................

13. Maxim alfalfa plant heights in May 1988 as
affected by harvest frequency and 
intensity at Bozeman.......................

14. Alfalfa plant heights in May 1989 as
affected by cultivars and harvest intensity at Kalispell.....................

15. Alfalfa plant heights in May 1989 as
affected by cultivars and harvest 
frequency at Kalispell. . . . .  ..........

16. Spredor II alfalfa Total Nonstructural 
Carbohydrate in August and October 1988 as 
affected by harvest treatments at Bozeman. .

17. Maxim alfalfa Total Nonstructural 
Carbohydrate in August and October 1988 as 
affected by harvest treatments at Bozeman. .

18. Spredor II alfalfa Total Nonstructural 
Carbohydrate in August and September 
1989 as affected by harvest treatments
at Bozeman............................... ..

19. Spredor II alfalfa Total NonstructuraI
Carbohydrate in August and October 1988 
as affected by harvest treatments at 
Kalispell..................................

20. Maxim alfalfa Total Nonstructural
Carbohydrate in August and October 1988 
as affected by harvest treatments at 
Kalispell..................................

21. Alfalfa TNC in August 1988 as affected
by harvest frequency and intensity at 
Kalispell..................................

Page

44

46

50

50

55

56

57

61

62

63



xix

LIST OF FIGURES - Continued 
Figure Page
22. Maxim alfalfa occupancy as affected by harvest frequency and intensity at

Bozeman in May 1988. ....................... 66
23. Alfalfa occupancy in October 1988 as 

affected by cultivars and harvest intensity
at Bozeman................................... 67

24. Root diameters at 20 cm as affected by 
cultivars and harvest intensity at Bozeman
in October 1988..................  72

25. Root diameters at 5 cm as affected by 
cultivars and harvest intensity at
Kalispell in August 1988.    77

26. Root diameters at 20 cm as affected by 
cultivars and harvest intensity at
Kalispell in August 1988...................  78

27. Mean root diameters in August 1988 as 
affected by cultivars and harvest intensity
at Kalispell................. 78

28. Root diameters at 20 cm as affected by 
cultivars and harvest frequency at
Kalispell in October 1988..................  79

29. Spredor II and Maxim alfalfa mean seasonal 
ADF concentration as affected by harvest 
frequency and intensity at Bozeman in
1988...................................  82

30. Alfalfa mean seasonal ADF concentration as 
affected by cultivars and harvest frequency
at Bozeman in 1 9 8 8 . ......................  83

31. Alfalfa mean seasonal ADF concentration as 
affected by harvest frequency and intensity
at Bozeman in 1988..........   84

32. Spredor II alfalfa total ADF concentration 
as affected by harvest treatments atBozeman in 1988.......................... . 85



Continued

xx

IjIST OF FIGURES -
Figures
33. Alfalfa mean total ADF concentration as

affected by harvest frequency and 
intensity at Bozeman in 1988.........

34. Alfalfa total ADF concentration as
affected by cultivars and harvest frequency 
at Bozeman in 1988.........................

35. Spredor II and Maxim alfalfa mean seasonal
NDF concentration as affected by harvest 
treatments at Bozeman in .1988............ ..

36. Alfalfa mean seasonal NDF concentration as
affected by harvest, frequency and intensity 
at Bozeman in 1988.........................

37. Spredor II alfalfa mean total NDF
concentration as affected by harvest 
treatments at Bozeman in 1988. ............

38. Spredor II and Maxim alfalfa mean seasonal 
protein concentration as affected by 
harvest treatments at Bozeman in 1988. . . .

39. Spredor II and Maxim alfalfa mean total
protein concentration as affected by 
harvest treatments at Bozeman in 1988. . . .

40. Spredor II alfalfa mean seasonal IVDDM
concentration as affected by harvest 
treatments at Bozeman in 1988..............

41. Spredor II alfalfa mean total IVDDM
concentration as affected by harvest 
treatments at Bozeman in 1988..............

42. Autumn maximum and minimum air temperature
at Bozeman in 1988.........................

43. Autumn maximum and minimum air temperature
at Bozeman in 1989.........................

Page

86

87

88

89

90

92

94

96

98

117

117

r



xxi

ABSTRACT

Alfalfa is the most important cultivated forage in the 
world. Livestock utilizing alfalfa for hay or pasture are 
provided with an exceptional balance of vitamins, proteins, 
and minerals. Alfalfa has been evaluated for use as a 
pasture crop, however, little is known about its response to Short Duration Grazing (SDG). Short duration grazing is a grazing system where existing rangeland or pasture are 
subdivided into many smaller paddocks. Livestock are 
allowed to graze a paddock for a short time period and then 
rotated to the next paddock. As a result, forage is 
utilized more efficiently than with other systemsi The 
objective of this study was to evaluate various simulated 
SDG treatments on alfalfa yield, stand persistence, plant 
vigor, root carbohydrate response, and forage quality.

In 1986, a 2 x 3 x 3 factorial study was initiated at 
Bozeman and Kalispell, Montana to evaluate two cultivars 
(1Spredor II1 and 'Maxim'), three harvest frequencies (8,
16, and 32 day harvest intervals), and three harvest 
intensities (33%, 50% and 67% top growth removal). Three 
control treatments (prebud, prebloom and 10% bloom) and a 
graduated treatment (GRAD) were also included.

Forage yields were highest for treatments with less 
severe harvest pressure. Treatments cut frequently 
generally were less vigorous than other treatments. 
Carbohydrate levels in mid-August were lowest for treatments 
cut frequently during the season. Later in the fall, 
differences in carbohydrate levels among treatments were 
negligible. Even though some treatments were harvested more 
than 24 times in two years, very little stand loss occurred 
during the study. Treatments had little effect on root 
diameters. Forage quality was high for treatments cut 
frequently. As rest between harvests increased, forage 
quality declined.

Short duration grazing shows promise for use on alfalfa 
in Montana. More research is needed, particularly grazing 
trials with livestock, and an evaluation of alfalfa in mixes 
with forage grasses for use with SDG.
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CHAPTER I 

INTRODUCTION

Alfalfa (Medicago sativa L.) is the most important 
cultivated forage crop in the world. It provides livestock 
with an excellent balance of vitamins, protein and minerals.

Although, alfalfa has been extensively evaluated for 
use as hay and as a pasture crop, most grazing research on 
the species has centered around its use with continuous and 
rotational grazing. The effects of other grazing management 
methods on alfalfa have yet to be evaluated. Short Duration 
Grazing (SDG) has been evaluated with many grass species, 
but alfalfa response to SDG has not been reported.

The objective of this study was to evaluate the effect 
of various simulated SDG treatments on alfalfa yield, stand 
persistence, vigor, root carbohydrate response and forage 
quality.
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CHAPTER 2

:

LITERATURE REVIEW 

History

Alfalfa is grown on 35 million ha worldwide - a third 
of which (11 mil ha) is in the United States (Hill, 1987; 
Ivanov 1980). Alfalfa is grown in all 50 states, a 
distinction shared by few other crops. Livestock utilizing 
alfalfa as hay or pasture are provided with an exceptional 
balance of protein, vitamins, and minerals. For these 
reasons, alfalfa is often referred to. as "the queen of the 
forage crops" (Michaud et al., 1988; Sinskaya, 1961;
Smoliak, 1985).

It is believed that alfalfa had its origins in Iran as 
well as Asia minor, Transcaucasia, and the highlands of 
Turkmenistan (Bolton et al., 1972; Hill, 1987; Ivanov, 1980; 
Michaud et al., 1988). Sinskaya (1961) indicated that a 
second center of origin for alfalfa was central Asia. She 
stated: "the very behavior of central Asiatic alfalfas under 
conditions of the European part of the Union (USSR), where 
they are extraordinarily subject to 'degeneration1 and to 
fungal diseases, suggests that they are of a different 
phylogenetic origin than the alfalfas of the anterior Asian 
and European climates".

The earliest known reference to alfalfa is from Turkey 
about 1300 BC (Bolton et al., 1972; Hill, 1987; Ivanov,
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1980; Michaud et al., 1988). Apparently alfalfa was spread 
rapidly from its origins by advancing armies and explorers.

I

Greek armies brought alfalfa back from battles in the Middle 
East in 479 BC and soon its value as horse fodder was 
reported (Hill, 1987). Writings by Aristophanes (440-380 
BC), Aristotle (384-322 BC) and others either mentioned or 
discussed alfalfa at length (Bolton, 1962; Bolton et al., 
1972; Ivanov, 1980; Michaud et al., 1988). The Romans 
obtained alfalfa from the Greeks and spread it throughout 
the Mediterranean region (Hill, 1987). The Romans 
apparently garnered a substantial amount of knowledge on 
alfalfa. Varro, Strabo, Pliny the Elder, and others wrote 
about alfalfa cultivation including seeding rates, 
harvesting, and crop usage (Bolton, 1962; Bolton et al., 
1972; Hill, 1987; Ivanov, 1980).

Alfalfa was introduced into North America when the 
Spaniards invaded Mexico and Peru (Barnes and Sheaffer,
1985; Bolton, 1962; Bolton et al., 1972; Hill, 1987; Ivanov, 
1980; Michaud et al., 1988; Sinskaya, 1961). From there 
alfalfa spread rapidly into Texas, Arizona, New Mexico, and 
finally California during the gold rush (Barnes and 
Sheaffer, 1985; Bolton, 1962; Bolton et al., 1972; Hill, 
1987; Ivanov, 1980). Although still a, major source of 
germplasm for the western states, this introduction lacked 
sufficient winterhardiness for harsh northern winters. A 
German immigrant, Wendelin Grimm, brought a packet of
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alfalfa seed from his native country. When sown in 
Minnesota, the seed had sufficient winterhardiness to 
tolerate northern climates (Bolton, 1962; Bolton et al., 
1972; Hill, 1987; Ivanov 1980).

Alfalfa Management

Research has been conducted in the United States since 
the mid-18001s on alfalfa cultivation and usage. Cutting 
management research has been conducted to improve yield, 
stand persistence, forage quality, and carbohydrate 
reserves. A cutting schedule should take these factors into 
account to be successful (Barnes and Sheaffer, 1985), but 
should be flexible enough to account for changes in the 
alfalfa plant as it matures.

Alfalfa spring growth is produced from total non- 
structural carbohydrates (TNC) stored from the previous year 
(Chatterton et al., 1974; Ditterline et al., 1979;
Gabrielson et al., 1985; Kust and Smith, 1961; Nelson and 
Smith, 1968). Root carbohydrate reserves decline until the 
plant is 15-20 cm in height. At this point, the topgrowth 
produces an excess of carbohydrates which is translocated to 
the root system for storage. Smith (1975) reported that 
carbohydrate reserves continue to increase until the full 
bloom stage when they again decrease as new crown buds begin 
to elongate. In contrast. Cooper and Watson (1968) reported 
that carbohydrate reserves peak at 10% bloom in response to
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crown bud elongation. In the northern United States, 
alfalfa will produce three distinct crops during the growing 
season if left uncut, although the third crop may not reach 
flowering (Cooper and Watson, 1968; Smith, 1975).

Alfalfa harvests are generally scheduled in one of 
three ways: when crown buds elongate, by calendar date, and 
by plant maturity stage (Sheaffer et al., 1988; Smith,
1975). Alfalfa growth in the spring or regrowth following a 
harvest occurs from crown and axillary buds. Cutting 
schedules based on crown shoot appearance have been proposed 
because crown buds are well developed and the root tissue 
contains high carbohydrate levels at this time (Sheaffer et 
al., 1988).

In the high altitude regions of Colombia, alfalfa 
remains in a vegetative stage throughout the year and 
flowering is sporadic. Harvesting alfalfa according to 
flower development was difficult, therefore, cutting alfalfa 
when new crown shoots reached five cm in height provided the 
best combination of forage quality and yield (Crowder et 
al., 1960). This guide may not work well in more northern 
climates as environmental factors and carbohydrate reserves 
may influence crown shoot growth (Sheaffer et al., 1988; 
Smith, 1975). . ,

Cutting schedules based on a calendar date have proven 
useful where simplicity and low management inputs are 
desired. An alfalfa crop may be in a different maturity
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stage from year to year on a given date due to environmental 
variations. As a result/ an alfalfa crop may be harvested 
at a stage when root carbohydrates are low, with resultant 
loss of crop vigor and stand (Sheaffer et al., 1988; Smith, 
1975). Furthermore, a producer may lose a significant . 
portion of the nutrient yield if the harvest occurs in a 
late maturity stage.

The most commonly used method for scheduling alfalfa 
harvests is by plant maturity stage. Scheduling harvests in 
this manner insures that environmental influences are taken 
into account and harvest does not occur at a critical 
developmental stage.

Alfalfa yield and stand persistence decrease with 
increasing frequency and intensity of defoliation 
(Agustinho, 1988; Langer and Steinke, 1964; Leach, 1968; 
Sheaffer et al., 1988). Alfalfa clipped on 25 day intervals 
yielded less than when cut on 45 day intervals (Jacobs,
1950). In Montana, harvesting at the prebud and prebloom 
stages produced the lowest forage yields and decreased vigor 
while harvesting at the early bloom stage produced the 
highest dry matter yields (Welty et al., 1988). Smith 
(1965) reported that 3 cuttings per season in Wisconsin 
yielded more forage and protein per acre than 2 cuttings. 
Alfalfa yields in North Dakota were most consistent over a 
four year period using a three cut system, but early in the 
study a four-cut system with a final cut in October produced



7
the highest yields (Thompson and Hoag, 1989). In contrast, 
a Colorado study showed a three-cut system beginning at 
early to mid-flowering to yield the same as a four-cut 
system beginning at the bud stage (Gabrielson et al., 1985). 
It is now generally accepted that harvesting alfalfa at the 
10% bloom stage will provide the best combination of yield, 
forage quality, carbohydrate reserves, and stand persistence 
(Barnes, 1985; Cooper and Watson, 1968; Ditterline et al., 
1979; Feltner and Massengale, 1965; Sheaffer et al., 1988; 
Smith, 1972; Smith, 1975).

Carbohydrate Reserves

Carbohydrate reserves in alfalfa crown and root tissue 
is one of the most important factors to consider when 
managing an alfalfa stand (Ditterline et al., 1979). 
Chatterton et al. (1977) concluded that root carbohydrates 
are a dominant factor in yield and tolerance to harvest 
frequency. Feltner and Massengale (1965) indicated that low 
total available carbohydrates (TAC) may indirectly cause 
stand depletion by rendering plants more susceptible to 
diseases. Carbohydrate storage is also implicated in 
regrowth, tillering, and overwintering capacity (Cowett and 
Sprague, 1962; Nelson and Smith, 1968; Smith, 1975; Welty et 
al., 1988).

Alfalfa cutting schedules can affect carbohydrate 
storage and root weights. Danger and Steinke (1965)



reported cutting height to have a greater affect on root 
weights than cutting frequency. To support this they 
reported that root weight of plants defoliated once to two 
and one-half cm was only slightly higher than plants cut 
three times to a twelve and one-half cm stubble height. 
Cooper and Watson (1968) reported that alfalfa cut three or 
four times in a season continued to show a typical 
carbohydrate accumulation and utilization pattern. In 
Colorado, Gabrielson et al. (1985) studied carbohydrate 
trends in 1Vernal1 and 1 Baker1 alfalfa. They found that the 
carbohydrate trends were cyclical in a three-cut system over* . I
two years while a four-cut system was cyclic only in the 
second year of the study. Both cutting frequencies had 
similar carbohydrate reserves in the spring at the end of 
the study. A Wisconsin study found that TAC levels were 
reduced by cutting more than three times per year (Bust and 
Smith, 1961).

Carbohydrate reserves are not depleted and replenished 
at a constant rate during the summer. Carbohydrate reserves 
decline to a lower level following the first harvest than 
they do in later harvests (Cooper and Watson, 1968). This 
may be due to residual leaf area in the latter portion of 
the growing season providing part of the photosynthetic area 
needed for regrowth (Gabrielson et al., 1985). Root tissue 
TAC declines rapidly immediately following a harvest for 
approximately a week; thereafter, the depletion rate slows

8
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and then gradually begins to increase. Time lapses between 
initial carbohydrate decrease and subsequent increase wasf -
found to be shorter in plants cut less often (Feltner and 
Massengale, 1965). '

Fall Management

Fall management of an alfalfa stand is important, 
especially in the northern United States and Canada where 
winters are harsh. Smith (1972, 1975) indicated that a 
"fall critical period" existed in the Northern United 
States. He defined this period as the 4-6 weeks prior to 
the first killing frost. Fall growth is important for 
replenishing carbohydrate reserves and crown bud initiation 
(Ditterline et al., 1979; Sheaffer et al., 1988; Smith 1972, 
1975). Cutting during the fall critical period 1 in the 
Northern states can reduce root dry weights and shoot 
production the following spring. Deferring the final 
harvest until after a killing frost will allow alfalfa to 
harden off properly (Silkett et al., 1937; Smith, 1972; 
Smith, 1975; Welty et al., 1988). Adequate carbohydrate 
reserves insure that the plants will have energy reserves to 
survive the winter and provide for spring growth. Alfalfa 
may utilize almost 50% of the stored carbohydrate reserves 
during the winter months (Bula and Smith, 1954).

Cutting alfalfa just prior to a killing frost reduces 
carbohydrate reserves because the plants will not have
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sufficient time for replenishment prior to a freeze (Folkins 
et al., 1961; Smith, 1972; Smith, 1975). In Wisconsin, Kust 
and Smith (1961) reported that plots cut in the fall yielded 
less than unharvested plots the following year. The yield 
reduction was greater in plots where three-cuttings were 
taken rather than two-cuttings prior to September I.
Similar results were obtained in a Canadian study (Irvine 
and Mcelgunn, 1982). The length of the growth period prior 
to the final harvest may also be important for subsequent . I
growth (Edmisten et al., 1988; Folkins et al., 1961; Tesar 
and Yager, 1985). Alfalfa yields and stands in Montana were 
reduced the following year by cutting within 30 days of a 
first killing frost,(-4°C) . The researchers recommended 
that the last seasonal harvest be taken more than 30 days 
before the average date of the.first frost (Welty et al.,
1988).

In contrast to the previous research, some studies have 
indicated that fall harvesting during the critical period 
may not be harmful to the alfalfa stand. Tesar and Yager 
(1985) concluded that fall harvesting is not harmful 
provided a potassium-fertilized, hardy or moderately-hardy, 
bacterial wilt resistant cultivar is used. Fall harvesting 
was also reported not to harm alfalfa in a Washington study 
(Jacobs, 1950). Unfortunately, data from either study do 
not support these conclusions.
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Forage Quality

Forage quality is another factor to consider when 
managing an alfalfa crop. Animal performance is influenced 
by forage quality. Forage quality constituents that are 
routinely measured include crude protein (CP), acid 
detergent fiber (ADF), neutral detergent fiber (NDF), and In 
Vitro digestible dry matter (IVDDM). Crude protein is a 
measurement of total protein and other nitrogen containing 
compounds (Bickoff et al., 1972). Acid detergent fiber is 
an estimate of the digestibility by ruminants and neutral 
detergent fiber is an estimate of forage intake. 
Digestibility is also estimated by IVDDM (Marten et al., 
1988) .

Crude protein and digestibility decrease as the plant 
matures (Allen et al., 1986; Buxton et al., 1985; Fulkerson 
et al., 1967; Sheaffer et al., 1988; Smith, 1975). This is 
due to leaf loss and an increase of fibrous constituents 
(Ditterline et al., 1979; Smith, 1972). Alfalfa has been 
reported to store 87% of its maximum protein by first flower 
(Fulkerson et al., 1967). Leaves contain more CP than 
stems. Kilcher and Heinrichs (1974) reported that leaf CPi
never fell below 23% (unharvested alfalfa) while stem CP 
never exceeded 18% and decreased to 8% by full bloom. Crude 
protein percentages were reported to be greater in early 
summer than in early spring at identical growth stages 
(Buxton et al., 1985).
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Leaf to stem ratios decrease with increasing plant 

maturity. Kilcher and Heinrichs (1974) reported that stem 
growth continued to increase throughout the plant's life 
cycle while leaf growth peaked at flowering. Leaf to stem 
ratios also decrease by the final seasonal harvest (Buxton 
et al., 1985) .

Forage quality, especially CP levels, increases with an 
increased number of cuts per season or when alfalfa is 
harvested at an immature growth stage (Folkins et al., 1960; 
Fuess and Tesar, 1968; Gasser and Lachance, 1969; Kust and 
Smith, 1961; Sheaffer et al., 1986; Welty 'et al., 1988) 
although Smith and Nelson (1967) reported opposite results. 
Short cutting intervals tend to delay alfalfa maturity. A 
Minnesota study reported a four-cutting schedule to yield 
more CP and lower NDF and ADF than a three-cutting schedule 
(Sheaffer et al., 1986). Similar results were reported in 
Canada (Folkins et al., 1961) and in Wisconsin where a four- 
cut system yielded more protein per hectare than a two-cut 
system (Kust and Smith, 1961). Over a five year period in 
Montana, total protein per hectare was highest when alfalfa 
was harvested at the prebud and vegetative-early bloom 
growth stages and lowest when alfalfa was cut at the mid- 
and full-bloom stages (Welty et al., 1988). Smith (1975) 
reported protein yields to be highest near the 10% bloom 
stage.
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Protein yields have also been reported to increase with 

fall cutting (Kust and Smith, 1961) although delaying fall 
cutting can decrease protein yields (Edmisten et al., 1988; 
Welty et al., 1988). The length of growth period prior to 
final date of harvest may play an important role in protein 
yields from fall-harvested alfalfa (Edmisten et al., 1988).

Grazing

Alfalfa is a premier pasture crop due to its high 
nutritional value and palatability. Alfalfa and/or alfalfa- 
grass pastures produce more forage and increase livestock 
production over grass pastures (Fuelleman et al., 1944; 
Heinemann and VanKeuren, 1958; Matches, 1968; McKinney,
1974). The major drawback of alfalfa is the risk of bloat 
in ruminant animals (Lorenz, 1982). Seeding alfalfa-grass 
mixtures greatly reduces the risk of bloat (Barnes, 1985; 
Smoliak, 1985).

Livestock and wildlife selectively graze alfalfa (Hies, 
1982). Grazing systems such as rotational grazing reduce 
animal selectivity (Cooke et al., 1965; Harrison et al.,
1948).

Allen (1986) reported that alfalfa may be grazed for a 
duration of up to six weeks in spring or summer with no 
harmful effect to alfalfa productivity. Daily gains and 
carrying capacities are highest in spring and lowest during 
late summer and fall for steers (Blaseir et al., 1956).

I
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Grazing management influences alfalfa production and 

survival. Alfalfa stands may decline and eventually die 
under continuous grazing (Brownlee, 1973; Fuelleman et al., 
1944; McKinney, 1974). Southwood and Robards (1975) 
compared continuous grazing to rotational grazing in which a 
five- or seven-paddock system was utilized. They concluded 
that stocking rate was the most important factor to consider 
in a grazing system. They also indicated that rotational 
grazing, even at a low stocking rate, was important for 
alfalfa survival. In Minnesota, total dairy cow production 
(growth and milk) were similar under continuous or daily 
rotational grazing, but livestock production per ha was 
three times higher when a daily rotational system was used 
as compared to a continuous system (Brundage and Peterson, 
1952). These results agree with work reported from Virginia 
(Bryant et al., 1961) and Saskatchewan (Cooke et al., 1965). 
Harrison et al. (1948) however, reported that dairy cows 
maintained higher production levels on continuously grazed 
pasture than rotationally grazed pasture.

In a rotational system, the amount of time between 
grazings is the most important factor for alfalfa production

I

and survival. VanKeuren and Matches (1988) reported that 
the recovery time between grazings is typically 30-40 days. 
Brownlee (1973) and Mckinney (1974) suggested a recovery 
period of 49 days. The optimum recovery period should 
balance alfalfa survival with alfalfa quality (Brownlee,
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1974).

Short duration grazing (SDG) is a management system
Iwhere livestock are rotated among paddocks more frequently 

than in other grazing systems (Quigley, 1987). Short 
duration grazing provides greater control of individual 
plant defoliation by governing grazing frequency and 
intensity through high animal densities. Factors that can 
be controlled include stocking rate, stocking density, and 
length of graze/rest time (Heitschmidt and Walker, 1983) .

Skovlin (1987) reported that seven day grazing periods 
coupled with 35-60 day rest periods were adequate to protect 
plants from significant regrazing. For crested wheatgrass 
(Agropyron desertorum (Fisch. ex Link) Schult.), it was 
recommended that paddocks be grazed for two or fewer days to 
guard against a rapid decline in ingestion rate and lower 
diet quality (Olson et al., 1989). Kirby and Parman (1986) 
utilized a 5:35 day graze:rest sequence on a typical 
Northern Great Plains mixed-grass prairie. They found that 
crude protein content of diets did not meet lactating cow 
requirements in the fall. Crude protein requirements for 
dry, pregnant cows, however, were met. Diet qualities also 
declined in a Texas study as sheep diets switched from cool- 
season grasses to reserve warm-season grasses at increased 
stock densities (Ralphs et al., 1986).

Short duration grazing's effects on forage and 
livestock production on improved pastures consisting of one
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to several seeded non-native grass and legume species has 
not been reported.
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CHAPTER 3

ALFALFA YIELD AND VIGOR IN RESPONSE TO 
INTENSITY AND FREQUENCY OF DEFOLIATION

Materials and Methods

Bozeman - 1986
This study was established at the Arthur H. Post Field 

Research Laboratory near Bozeman on May 16, 1986. A 2 x 3 x 
3 complete factorial randomized complete block design with 
four replications was used. Treatments consisted of two 
alfalfa cultivars (Spredor II - fall dormancy I, and Maxim - 
fall Dormancy 4); three clipping frequencies (8, 16, and 32 
day clipping intervals); and three clipping intensities (33, 
50, and 67% topgrowth removal as measured by plant height) 
(Table I). When forage removal occurred at a faster rate 
than regrowth, plants were not clipped below a 5 cm stubble 
height. A graduated (GRAD) treatment was also included. 
Early in the season, harvests occurred frequently (8 days) 
with limited forage removed (33%), but as the season 
progressed harvest intensity was increased as was the 
interval between harvests (Table I). Control plots (prebud, 
prebloom, and 10% bloom) were clipped to a 10 cm stubble 
height (Table I).

The alfalfa seed was planted I cm deep into a Bozeman 
silt loam soil (Argic, Udic, CryoborolI) at a rate of 11.2 
kg ha"1 pure live seed. Plots contained five alfalfa rows
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Table is Harvest schedule of two alfalfa 
cultivars at Bozeman and Kalispell, Montana, 1987- 
1989.f

Treatment
Clipping $ 
interval

Clipping*
Intensity

FACTORIAL
days % removal

I 8 33
2 8 50
3 8 67
4 16 33
5 16 50
6 16 67
7 32 33
8 32 50
9 32 67

GRADUATED
days % removal

10 8 33
8 33
16 33
16 50
32 50

Fall Management § 67

CONTROLS
growth clipping
stage height

cm
11 Prebud 10
12 Prebloom 10
13 10% bloom 10

f Harvesting began when plant heights were 40 cm in 1988 
and 50 cm in 1989.

$ Based on plant height.
§ Seasonal harvesting ceased on or before Aug. 15 of each 
year and the fall management harvest was taken following 
a hard killing frost (-4°C) .
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30 cm apart and were 6 m long. An orchardgrass (Dactylis 
glomerata L.) border row was sown between each plot. One 
and one-half meter wide alleyways between replications were 
sown with crested wheatgrass (Agropyron desertorum L,.) . The 
experiment was irrigated with a hand line sprinkler whenever 
soil moisture dropped to 50% of field capacity. At each 
irrigation, 10-15 cm of water was applied. Prior to 
seeding, 515 kg ha 1 of P2O5 was incorporated and the seedbed 
firmly packed.

Harvest schedules were not imposed the first year to 
allow stand establishment. A seasonal harvest was taken at 
100% bloom (Aug. 4) with, a second harvest taken.after a 
hard, killing frost (-4°C) . Plots were cut to a 10 cm 
stubble height with a flail-type forage harvester (REM 
Manufacturing Inc., Swift Current, Saskatchewan, Canada).

Weeds were controlled by hand and by a 1.12 kg ha'1 
a.i. application of metribuzin (4-Amino-6-(I,1- 
dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one) in 
November, 1986.

Bozeman - 1987
For complete materials and methods details, please 

refer to Agustinho (1988) . The materials and methods used 
in 1987 were similar to those used in 1988 and 1989 in this 
thesis.

c-
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Bozeman - 1988

Replication one was omitted from the study due to a 
severe infestation of Canada thistle (Cirsium arvense (L.) 
Scop.).

Harvest schedules were initiated on May 24 for all 
treatments (except 10% bloom) when the average alfalfa 
height was 40 cm. For the factorial treatments and GRAD, 
clipping height was determined by measuring plant height the 
day prior to a scheduled harvest. Five measurements 
plot 1 were averaged and the clipping height calculated.
Plots were trimmed to approximately 5 m in length prior to 
each harvest. Plots were harvested with a modified REM 
flail-type harvester that could harvest plants up to a 
stubble height of 60 cm. The center two rows of each plot 
were harvested and immediately weighed. A sub-sample was 
taken from the harvested material, weighed, dried at 45°C 
for five days, reweighed, and saved for further analyses. 
Percent moisture was calculated by dividing sub-sample dry 
weight by wet weight. Border rows were cut to the same 
stubble height as the two harvest rows.

The GRAD treatment was not cut on the appropriate 
harvest interval during June. On June 28, GRAD was 
harvested to the same stubble height as 8 day/33% removal 
(hereafter factorial treatments will be abbreviated to
_D/__%, ie. 8D/33%) because the treatments were similar and
the plants should have been similar in height. After June
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28, the GRAD harvest schedule was followed. Seasonal 
harvesting ceased on August 14 to allow plants at least 30 
days to replenish carbohydrate reserves before the average 
date of the first frost. The final harvest was taken on 
October 25 following a killing frost (-4°C) when all plots 
were cut to 10 cm. Twelve total harvests were taken for 8- 
day frequency treatments (Appd. A - Table 37).

Statistical analyses were performed using the program 
AVMF in MSUSTAT (version 4.12, copyright 1988, Montana State 
University). Treatment differences were separated using 
Least Significant Difference (LSD).

Bozeman - 1989
Most procedures were the same as 1988. Bozeman had a 

very severe winter which affected alfalfa spring growth. 
There was immense plant height variability within each plot. 
Some plants were just beginning to produce new crown shoots 
while other plants were more than 10 cm tall. To reduce the 
confounding effects of the previous harsh winter, the 
clipping schedule was deferred until June 9 when the average 
plant height was 50 cm. Ten plant height measurements 
plot 1 were taken for the first harvest. Five plant height 
measurements plot"1 were taken for the remaining harvests.
The final seasonal harvest was on August 15. The fall 
management harvest was taken on September 15 following a 
hard frost (Appd. B - Fig. 43).
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Only Spredor II was cut on the harvest schedule. A 

total of ten harvests (8-day frequency treatments) were 
taken (Appd. A - Table 38). Maxim plots were not harvested 
on the cutting schedules, but at 10% bloom to determine 
residual effects of previous harvesting schedules on alfalfa 
productivity.

Kalisoell - 1986
The study was seeded in May 1986 into a Creston silt 

loam (Udic Haploboroll) soil. The seeding rate was 11.2 kg 
ha 1 pure live seed. The plots were 2.4 m wide with 8 rows 
spaced 30 cm apart, 6 m in length, and arranged in a split 
plot design with four replications. Cultivars were main 
plots. Harvest frequency and intensity were arranged in a 
complete factorial design within main plots. The plots were 
cut to a 10 cm stubble height on July 28 at 10% bloom and 
October 6 after a hard freeze. All other procedures were 
the same as Bozeman.

Kalispell - 1987
Please refer to Agustinho (1988) for a complete 

explanation of materials and methods. The materials and 
methods used in 1987 were similar to those used in 1988 and 
1989 in this thesis.
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Kalispell - 1988

The clipping schedules were initiated on May 16 with 
both cultivars being harvested. The last seasonal harvest 
was taken on August 19. The final harvest was taken on 
October 5 following a hard frost. A total of 14 cuts were 
taken in 1988 for 8-day treatments (Appd. A - Table 37).
All other procedures were the same as Bozeman.

Kalisnell - 1989
The harvest schedule could not be followed at Kalispell 

in 1989. Initially, plant growth was very erratic within 
individual plots due to an unusually harsh winter. The 
first harvest was deferred until May 24 when average plant 
height was 50 cm. The plants lodged severely and individual 
plots could not be cut to the appropriate cutting heights. 
Consequently, all plots were swathed and allowed to grow 
until 10% bloom when they were cut to a 10 cm stubble height 
to study the residual effects from previous years harvest 
schedules.

Results arid Discussion

Forage Production

Bozeman Seasonal Yields (Mav-Aug.K Significant 
treatment differences (P = 0.05) were observed in 1988 and 
1989 for seasonal yield (Appd. C - Tables 41,42). Control 
treatments and GRAD tended to have higher yields than other
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treatments (Table 2). Seasonal yields were generally low 
for treatments with severe harvest pressure (80/67%,
80/50%). Forage removal for these two treatments occurred 
at a much faster rate than regrowth. By early July, these 
treatments were being harvested at the 5 cm minimum stubble 
height. Treatments with less harvest pressure (320/67%, 
320/50%) tended to produce more forage (Table 2). Little 
forage was harvested during the growing season with 320/33% 
leaving substantial forage in each plot. The GRAD treatment 
generally produced yields similar to the control

Table 2. Seasonal dry matter forage production of Spredor 
II and Maxim alfalfa at Bozeman as affected by harvest 
treatments.

Yield
1988 1989

Treatment! Spredor II Maxim Spredor II

I "1Kg ha
80/67% 4404 3821 5205
80/50% 4270 3838 4671
80/33% 5460. 4964 4063
160/67% 5321 4604 5585
160/50% 4736 5764 5005
160/33% 5552 4788 4502
320/67% 5931 7823 5329
320/50% 5542 6613 5400
320/33% 4871 4580 3282
GRAD 6902 6492 9196
PREBUD 6925 7969 5321
PREBLOOM 6932 9148 10150
10% BLOOM 10460 10270 8686
LSD (0.05) 750 1191 1546
f Refer to Table I for treatment descriptions.
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In 1988 (Appd. C - Table 43) significant differences 
for seasonal yield were not detected for cultivars or 
harvest intensity, but were detected for harvest frequency. 
However, significant cultivar x frequency, cultivar x 
intensity, frequency x intensity, and cultivar x frequency x 
intensity interactions negated interpretation of main 
effects. For the frequency x intensity interaction (Fig.
I), the 33% harvest intensity treatments declined in forage 
production as rest between harvests increased. This was due 
to limited forage removal at the 16- and 32-day harvest 
frequencies for this intensity. The 50% and 67% forage 
removal treatments were similar at the 8-day frequency

treatments. The GRAD schedule looks very promising for use
under actual grazing conditions.

Forage Removal
- — 3 3 %  — 5 1 %  —  1 1 %

Frequency jJays)
Figure I. Alfalfa seasonal forage yield 
as affected by harvest frequency and 
intensity in 1988 at Bozeman.
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and yielded less than 80/33%. Regrowth for 80/33% exceeded 
forage removal which resulted in higher yields than the 
80/67% and 80/50% treatments in which forage removal 
exceeded regrowth (data not shown). Forage yields increased 
for the 67% and 50% harvest intensities as rest between 
harvests increased from eight to 32 days. Forage yield at 
the 32-day frequency directly corresponded to the amount of 
topgrowth removed, ie 67% forage removal had the highest 
yield followed by 50% and 33% forage removal, respectively.

Spredor II had higher forage yields (Fig. 2) than Maxim 
at 8- and 16-day harvest frequencies, but lower yields than 
Maxim at the 32-day harvest frequency.
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Figure 2. Alfalfa seasonal forage yield 
as affected by cultivars and harvest 
frequency in 1988 at Bozeman.

Spredor II had higher forage yields than Maxim at 33% 
forage removal (Fig. 3), but lower forage yields than Maxim 
at 50% and 67% forage removal. Seasonal forage yields were
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generally similar across harvest intensities for both 
cultivars in 1988.
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Figure 3. Alfalfa seasonal forage yield 
as affected by cultivars and harvest 
intensity in 1988 at Bozeman.

In 1989, (Appd. C - Table 44), significant differences 
for seasonal forage yield were detected for harvest 
frequency, intensity, and for the frequency by intensity 
interaction for Spredor II. Yields increased similarly for 
all intensities from 8-day to 16-day rest periods (Fig. 4). 
As rest period increased from 16-day to a 32-day interval, 
the 67% and 50% harvest intensity treatments produced 
similar yields. The 33% harvest intensity treatments 
declined in yield at the 32-day harvest frequency. As in 
1988 (Fig. I), substantial forage was left in the field at 
this harvest intensity and frequency during the growing 
season (Fig. 4).
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Figure 4. Spredor II alfalfa seasonal 
yield as affected by harvest frequency 
and intensity at Bozeman in 1989.

Bozeman Total Yields (May - Oct.). Alfalfa harvested 
at 10% bloom had the highest total yields in 1988 for each 
cultivar (Table 3). Generally, treatments with severe 
harvest pressure (80/67%, 80/50%) had lower total yields 
than treatments with less severe harvest pressure (controls, 
32-day harvest frequency treatments). The GRAD treatment 
yields were similar to those for the control treatments 
prebud and prebloom. Treatment 320/33% yielded 
approximately one-half of its total forage at the fall 
management harvest (Table 4), confirming that considerable 
forage was left in these plots during the growing season. 
Most of this forage would be unavailable to grazing animals 
due to trampling and dunging effects. Treatment 320/33% 
generally had lower total yields (Table 3) than the other 
32-day harvest frequency treatments. Leaf drop from
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Table 3. Total dry matter forage production of Spredor IIand Maxim alfalfa at Bozeman as affected by harvest
treatments.

Treatmentf

Yield
1988 1989

Spredor II Maxim Spredor II
'1Kg ha

80/67% 5135 4431 5270
80/50% 5074 4433 5150
80/33% 7289 7280 4933
160/67% 6445 5227 .6269
160/50% 7482 7356 6213
160/33% 7979 8805 7081
320/67% 9947 . 11000 . 6165
320/50% 9550 10250 7825
320/33% 9635 8710 5476
GRAD 10160 9849 11930
PREBUD 9199 10480 7158
PREBL00M 8631 11830 10880
10% BLOOM 13820 13660 9101
LSD (0.05) . 1245 1338 1744
f Refer to Table I for treatment descriptions.

unharvested forage during the season for 320/33% probably
contributed to the reduced yield.

In 1989, GRAD and prebloom had the highest total yields
(Table 3). Treatments with severe harvest pressure (80/67%,
80/50%) again had lower yields than control treatments.
Total yields generally increased with increasing rest
between harvests. This agrees with research reported by
others (Agustinho, 1988; Sheaffer et al., 1988; Welty et
al., 1988).
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Table 4. Fall dry matter forage production of Spredor II and
Maxim alfalfa at Bozeman as affected by harvest treatments.

Treatmentf

Yield
1988 1989

Spredor II Maxim Spredor II
-IKg ha

80/67% 731 610 65
80/50% 804 596 479
80/33% 1830 2316 870
160/67% 1124 623 684
160/50% 2746 1591 1209
160/33% 3872 4017 2579
320/67% 4016 3176 836
320/50% 4008 3640 2426
320/33% 4765 4130 2194
GRAD 3257 3356 2735
PREBUD 2274 2509 1837
PREBLOOM 1699 2677 736
10% BLOOM 3359 3386 415
LSD (0.05) 855 644 684
f Refer to Table I for treatment descriptions.

In both years (Appd. C - Table 43,44), significant 
differences for total yield were detected for harvest 
frequency, intensity, and for the frequency x intensity 
interaction. In 1988 (Fig. 5), 33% harvest intensity 
treatments had the highest yields at 8- and I6-day harvest 
frequencies. The 50% and 67% intensity treatments were 
similar at the 8-day harvest frequency, but 50% harvest 
intensity treatments had higher total yields than 67% 
harvest intensity treatments at the 16-day harvest interval. 
As rest interval increased from 16 to 32 days, 33% harvest 
intensity treatment yields were lower than 50% and 67%
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harvest intensity treatments. This occurred due to a low 
seasonal forage yield for 320/33% (Table 2).

F o r a g e  R e m o v a l  
13% — m  11 %

F r e q u e n c y  ( d a y s )

Figure 5. Alfalfa total yield as 
affected by harvest frequency and 
intensity in 1988 at Bozeman.

Generally, yield differences among harvest intensities 
in 1989 were not as great as in 1988, except at the 32-day 
harvest frequency. In 1989 (Fig. 6), the 50% harvest 
intensity treatments had substantially higher total forage 
yields at the 32-day harvest interval compared to 33% and 
50% harvest intensity treatments. The 320/33% treatment 
again had low total forage yield. A large fall management 
harvest (Table 4) for 320/33% still did not boost total 
yield to a level comparable to 320/50%, probably due to leaf 
drop.
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Figure 6. Spredor II alfalfa total 
yield as affected by harvest frequency 
and intensity at Bozeman in 1989.

Kalispell Seasonal Yields (Mav-Auo). In 1988, control 
treatments generally had the highest seasonal forage yields 
(Table 5). Spredor II had the highest yields when harvested 
at prebloom while Maxim had the highest yields when 
harvested at prebud and 10% bloom. Treatment 320/33% 
produced the least seasonal forage yield with Spredor II 
(Table 5) while 160/33% and 320/33% produced the lowest 
seasonal forage yield with Maxim. Treatment 320/33% 
consistently produced low seasonal yields at each location 
(Tables 2,3).

In 1988 (Appd. C - Table 46) significant differences 
for seasonal yields were detected for cultivars, harvest 
frequency, intensity, frequency x intensity, and cultivar x 
frequency x intensity interactions. For the frequency x 
intensity interaction (Fig. 7), the 50% harvest intensity
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Table 5. Seasonal dry matter forage production for Spredor
II and Maxim alfalfa at Kalispell in 1988 as affected by
harvest treatments.

Yield
Treatment? Spredor II Maxim

kg ha
80/67% 5982 7231
80/50% 7431 7076
80/33% 6526 6764
160/67% 8492 9038
160/50% 7003 8000
160/33% 5426 5586
320/67% 8374 8128
320/50% 5938 7578
320/33% 4557 5377
GRAD 5939 6668
PREBUD 7841 12820
PREBLOOM 10720 11680
10% BLOOM 9758 12300
LSD (0.05) 767 524
f Refer to Table I for treatment descriptions
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Figure 7. Alfalfa seasonal forage yield 
as affected by harvest frequency and 
intensity in 1988 at Kalispell.
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treatments yielded the most forage at the 8-day harvest 
frequency, but were intermediate at 16- and 32-day harvest 
frequencies. At the 16- and 32-day harvest frequencies 
forage yield corresponded to the amount of topgfowth 
removed, ie 67% forage removal had the highest forage yield 
followed by 50% and 33% forage removal, respectively. All 
intensities responded similarly as rest period increased 
from 16-day intervals to 32-intervals.

Kalispell Total Yield CMav-Oct). Spredor II had the 
highest total yields when harvested at prebloom and 10% 
bloom in 1988 (Table 6). The 32-day harvest frequency 
treatments yielded similarly to prebud. Maxim had the 
highest yields when harvested at 10% bloom, followed by 
harvesting at prebloom. The lowest yields were obtained 
with 8D/67% for each cultivar (Table 6). Over one-half of 
the total yield for the 32D/33% treatment was obtained at 
the fall management harvest (Table 7). A similar trend 
occurred at Bozeman (Table 4). In general, yields increased 
as rest interval between harvest increased which supports 
the Bozeman data and is in agreement with other research 
(Agustinho, 1988; Sheaffer et al., 1988; Welty et al.,
1988) .

In 1988 (Appd. C - Table 46), total yield differences 
were detected for cultivars, harvest frequency, intensity, 
frequency x intensity, and cultivar x intensity. The 67% 
harvest intensity treatments (Fig. 8) produced the lowest
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yields at the 8-day harvest frequency, but were similar to 
50% and 67% harvest intensity treatments at the 16-day 
harvest frequency. The 33% harvest intensity treatments 
were similar to the 50% harvest intensity treatments.
Total forage yields increased as rest between harvests 
increased.

Table 6. Total dry matter forage production for Spredor II. and Maxim alfalfa at Kalispell in 1988 as affected by 
harvest treatments.

Yield
Treatment! Spredor II Maxim

kg ha
8D/67% 6229 8239
80/50% 8047. 9164
80/33% 8498 9220
160/67% 9257 10580
160/50% 8907 11000
160/33% 9625 10180
320/67% 10290 11440
320/50% 10950 12540
320/33% 11340 11500
GRAD 9776 11670
PREBUD 10830 14600
PREBLOOM 13650 15730
10% BLOOM 13430 17610
LSD (0.05) . 967 759
f Refer to Table I for treatment descriptions.

Maxim yielded only slightly more total forage in 1988 
than Spredor II at the 33% harvest intensity (Fig. 9). At 
50% and 67% harvest intensities, Maxim yields were 
considerably higher than for Spredor II. Yield differences 
at 50% and 67% forage removal were similar.
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Table 7. Fall dry matter forage production for Spredor IIand Maxim alfalfa at Kalispell in 1988 as affected byharvest treatments.

Yield
Treatment! Spredor II Maxim

- ky ha"1 -----
8D/67% 247 1008
80/50% 616 2089
80/33% 1972 2456
160/67% 765 1539
160/50% 1904 2997
160/33% 4200 4590
320/67% 1914 3312
320/50% 5014 4962
320/33% 6781 6124
GRAD 3836 5003
Prebud 2987 1774
Prebloom 2935 4051
10% Bloom 3669 5308
LSD (0.05) 577 462
f Refer to Table I for treatment descriptions.
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Figure 8. Alfalfa total forage yield as 
affected by harvest frequency and 
intensity in 1988 at Kalispell.
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Figure 9. Alfalfa total forage yield as 
affected by cultivars and harvest 
intensity in 1988 at Kalispell.

Maxim generally had higher total yields than Spredor 
II. This is not surprising because Maxim regrows at a 
faster rate than Spredor II. Also, Spredor II is 
susceptible to Verticillium wilt (Verticillium albo-atrum 
Reinke and Berth.) whereas Maxim has some resistance. This 
would place additional stress on Spredor II.

Generally, seasonal and total forage yields were low at 
each location for treatments cut frequently. Ten percent 
bloom had the highest yields at Bozeman in 1988. Control 
treatments and GRAD produced relatively high forage yields. 
The 32D/3 3% treatment produced low seasonal yields due to 
limited forage removal. Total yields were also low for this 
treatment, presumably due to leaf drop.
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Alfalfa Vigor

Bozeman Residual Harvest Effects. In 1989, Maxim was 
not harvested on the treatment schedules. To determine the 
effect of previous years treatments, all Maxim plots were 
harvested to a 10 cm stubble height at 10% bloom. It was 
presumed that severe cutting pressure in 1987-1988 would 
result in reduced forage yield for Maxim in 1989.

Alfalfa harvested at 32-day intervals and 16D/33% 
tended to have higher yields than other treatments (Table 
8). The high yield of the 320/33% treatment suggests that 
very little stress was placed on plants within this 
schedule, probably due to limited forage removal during the 
growing season.

Harvest frequency was the only factor that 
significantly affected subsequent Maxim yields in 1989 
(Appd. C - Table 48). The 32-day harvest frequency 
treatments (Table 9) had the highest yields at the first 
harvest (July 6), had higher yields than the 8-day harvest 
frequency treatments at harvests two and three (Aug. 7 and 
Sept. 16, respectively), and had the highest total yields.

As a general rule, increasing rest period between 
cuttings in 1987 and 1988 resulted in increased alfalfa 
vigor and yield in 1989. Harvest intensity did not affect 
yields at any 1989 harvest. Harvest frequency has 
previously been shown to affect alfalfa yields and stand 
persistence (Agustinho, 1988; Sheaffer et al. 1988;
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Table 8. Effect of previous years harvest treatments on
Maxim alfalfa yield at Bozeman in 1989.

Harvest Date
Treatments! July 6 Aug 7 Sept 16 Total

Kg ha
8D/67% 4635 2295 2352 9282
80/50% 5011 2434 3010 10460
8D/33% 4891 2316 3265 10470
16D/67% 4599 2494 3313 10410
160/50% 4633 2324 2587 9544
160/33% 5885 , 2763 3811 12460
320/67% 5851 2723 3904 12480
320/50% 5606 2600 3424 11630
320/33% 6335 2984 4075 13390
GRAD 5772 2791 3684 12250
PREBUD 4122 2592 3162 9875
PREBLOOM 4913 2655 3629 11200
10% BLOOM 4611 2382 3076 10070
LSD (0.05) 1085 NS NS 2538

f Refer to Table I for treatment descriptions.

Table 9. Effect of previous harvesting on Maxim alfalfa 
yield for harvest frequency at Bozeman in 1989.

Cutting Date
July 6 Aug 7 Sept 16 Total

Frequency --------------- Kg ha
days

8 4846 Af 2349 A 2876 A 10070 A
16 5039 A 2527 AB 3237 AB 10800 A
32 5931 B 2769 B 3801 B 12500 B

t Means within a column followed by the same letter do no't 
differ significantly (P < 0.05) using LSD.
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Welty et al. 1988). Reduced plant vigor due to frequent 
harvesting may adversely affect yields and stand 
persistence.

Kalispell Residual Harvest Effects. At Kalispell, both 
cultivars were harvested at 10% bloom in 1989. For Spredor 
II, significant yield differences (Table 10) were detected 
on September 14, and for total season yield. Prebloom, 10% 
bloom , and 8D/67% generally had smaller forage yields than 
other treatments. For Maxim (Table 11), significant 
treatment differences were observed at both harvest dates 
and for total yield. Treatment yields did not follow a 
logical pattern in reflecting previous harvest effects.
There wag a trend for the most intensive treatments to have 
lower forage yields but this varied among harvests.

No factor level differences were observed for harvests 
one (July 27)(Appd. C -Table 51). For total yield in 1989 
(Table 12), cultivars were significantly different, with 
Maxim having higher total yields than Spredor II. Spredor 
II had been harvested for two years (1987 and 1988) on the 
treatment schedules whereas Maxim had been harvested for 
only one year on the treatment schedules (1988). The 
reduction in Spredor II1s total yield compared to Maxim in 
1989 may have been due to the extra harvest year on the 
treatment schedules or Verticillium wilt may have reduced 
Spredor II1s vigor.
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Table 10. Effect of previous years treatments on SpredorII alfalfa yield at Kalispell in 1989.

Cutting Date
Treatment! July 27 Sept 14 Total

“1kg ha
8D/67% 4342 2892 7234
8D/50% 5493 3086 8579
80/33% 4671 3191 7862
160/67% 5239 3109 8348
160/50% 4775 3400 8176
160/33% 4671 3535 8206
320/67% 4917 3535 8452320/50% 4633 3393 8026
320/33% 4297 3318 7615
GRAD 5067 3370 8437
PREBUD 5172 3042 8213
PREBLOOM 5052 2773 7825
10% BLOOM 5015 2683 7698
LSD (0.05) NS 337 652
f Refer to Table I for treatment descriptions •

Table 11. Effect of previous years treatments on Maxim
alfalfa yield at Kalispell in 1989.

Cutting Date
Treatment! July 27 Sept 14 Total

Kg na
80/67% 4955 3385 8340
80/50% 5373 3699 9073
80/33% 4320 3796 8116
160/67% 4977 3370 8348
160/50% 5000 3722 8721
160/33% 5321 3864 9185
320/67% 5000 3901 8901
320/50% 4947 3879 8826
320/67% 5373 3894 9267
GRAD 5403 3707 9110
PREBUD 5000 3400 8400
PREBLOOM 5657 3632 9289
10% BLOOM 5059 3759 8819
LSD (0.05) 605 298 690
f Refer to Table I for treatment descriptions.
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Table 12. Effect of previous harvesting on alfalfa yieldsfor cultivars at Kalispell in 1989.

Cutting Date
July 27 Sept 14 Total

, . -I
Cultivar iia

Spredor II 
Maxim

4782 Af 5030 A
3273 A 
3723 A

8055 A 
8753 B

t Means within a column followed by the same letter are not
significantly different (P < 0.05) using LSD.

A significant frequency x intensity interaction was 
observed for harvests one and two (July 27 and Sept. 14, 
respectively), and for total yield in 1989 (Appd. C - Table 
51). For harvest one (Fig. 10), the 33% and 67% forage 
removal treatments responded similarly across all harvest 
frequencies. The 67% harvest intensity had higher forage 
yields than the 33% harvest intensity at all harvest

forage Removal 
m  — s i *  - - n *

F r e q u e n c y  | d a y s )

Figure 10. Alfalfa yields on July 27, 
1989 as affected by 1988 harvest 
frequency and intensity at Kalispell.
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frequencies. The 50% harvest intensity treatments had the 
highest forage yields at the 8-day harvest frequency, the 
lowest at the 16-day harvest frequency, and was similar to 
the 33% and 67% harvest intensity treatments at the 32-day 
harvest frequency.

The 67% harvest intensity treatments (Fig. 11) produced 
the smallest forage yields at the 8- and 16-day frequencies 
on September 14. As rest increased from 16- to 32-day 
intervals, forage yields increased for the 67% harvest 
intensity treatments but decreased for the 33% and 50% 
harvest intensity treatments. Treatment differences were 
most obvious for the 8- and 16-day harvest frequencies at 
the September 14 harvest date.

For total yield in 1989 (Fig. 12), yields were similar 
at the 16- and 32-harvest frequencies for all intensities.
At the 8-day harvest frequency, 50% harvest intensity

Ft(I)I Rtmml
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Figure 11. Alfalfa yields on Sept. 14, 
1989 as affected by 1988 harvest 
frequency and intensity at Kalispell.
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treatments produced higher total forage yields than 33% and 
67% harvest intensity treatments. Generally, harvest 
frequency in 1988 at Kalispell had the greatest effect on 
forage yields in 1989. The 32-day harvest frequency 
treatments did not affect forage yields in 1989 to the same 
degree as the 8- and 16-day harvest frequencies.
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Figure 12. Total alfalfa yields in 1989 
as affected by 1988 harvest frequency 
and intensity at Kalispell.

Treatment differences in 1989 for residual harvest 
effects generally were not great. Treatments with severe 
harvest pressure (80/67%, 80/50%, 160/67%) would be expected 
to have lower yields in 1989 but this did not happen 
consistently. The long, warm autumn at Bozeman and 
Kalispell in 1988 (Appd. B - Fig. 41,42) probably provided 
ample time for carbohydrate replenishment. Under more 
normal autumn conditions, residual harvest effects probably 
would be more noticeable among these treatments.
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Plant Heights

Bozeman Plant Heights. Spring plant heights (prior to 
the first harvest) were also used to measure previous 
harvest effects on alfalfa vigor.

In May 1988, data were only collected for Maxim alfalfa 
as harvest treatments were not imposed on Spredor II in 1987 
(see Agustinho 1988). Treatments with light harvest 
pressure (320/33%, 320/50%) were generally taller than 
treatments with severe harvest pressure (80/67%, 80/33%) in 
May 1988 (Table 13). No treatment differences were observed 
for either cultivar in May 1989 (Appd. C - Table 52).

Table 13. Bozeman spring plant heights as affected by 
control treatments and harvest frequency and intensity.

Plant Heights
1988 1989

Treatmentf Maxim Spredor II Maxim

80/67% 42.40
cm
45.50 41.50

80/50% 47.93 46.73 41.00
80/33% 45.53 46.03 41.67

160/67% 43.07 45.20 42.37
160/50% 47.33 49.60 40.23
160/33% 52.20 41.73 43.07
320/67% 50.27 47.03 43.43
320/50% 53.27 45.60 38.93
320/33% 55.40 45.47 42.70
GRAD 50.13 45.83 44.83
PREBUD 46.00 42.63 39.30
PREBLOOM 51.67 43.53 40.10
10% BLOOM 50.67 45.20 40.93
LSD 3.29 . NS NS
f Refer to Table I for treatment descriptions.
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In May 1988 (Appd. C - Table 53), significant 

differences were detected for harvest frequency and 
intensity, and for the frequency x intensity interaction for 
Maxim. The 67% intensity treatments (Fig. 13) had shorter 
plant heights than 50% and 33% harvest intensity treatments 
at all frequencies. The 50% intensity treatments had 
relatively taller plant heights than the 67% and 33% harvest 
intensity treatments at the 8-day harvest frequency, but 
were intermediate at the 16- and 32-day harvest frequencies. 
Generally, May plant heights for Maxim increased with 
increasing rest between harvests in 1987.
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Figure 13. Maxim alfalfa plant heights 
in May 1988 as affected by harvest 
frequency and intensity at Bozeman.

In May 1989, interactions were not significant (Appd. C 
- Table 53) and a significant difference between cultivars 
was observed with Maxim being shorter than Spredor II (Table 
14). Maxim had been harvested for two years (1987 and 1988)
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on the cutting schedules whereas Spredor II had been 
harvested for only one year (1988). The plant height 
reduction for Maxim may be due to the extra year that

Table 14. Plant heights for cultivars at Bozeman in 1989.
Height

Cultivar —  cm —
Spredor II 45.88 At
Maxim 41.66 B
f Means followed by the same letter are not significantly 
different (P < 0.05) using LSD.

treatments were imposed on it. The harsh winter of 1988- 
1989 may have contributed to Maxim’s shorter plant heights 
in May 1989. Maxim is not as winterhardy as Spredor II and 
the cold winter may have stressed Maxim more than Spredor 
II.

Kalisoell Plant Heights. Spredor II was the only 
cultivar harvested on the treatment schedules in 1987 (see 
Agustinho 1988). Significant treatment differences were 
observed for Spredor II in May 1988 (Appd. C - Table 54). 
Less stressed treatments tended to have taller plants than 
severe harvest treatments (Table 15). In 1989, treatment 
differences were observed for each cultivar (Appd. C - Table 
54). Differences were observed for Maxim with 33% intensity 
treatments generally having taller plants than 67% intensity 
treatments (Table 15). A similar pattern was observed for 
Spredor II in 1989. Generally, less stressed plants in 1988
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had taller heights in 1989.

Table 15. Alfalfa plant heights at Kaiispell as affected by- 
harvest treatments.

Plant Heights
1988 1989

Treatment? Spredor II Spredor II Maxim
cm

8/67 37.75 54.67 48.00
8/50 41.25 51.33 55.00
8/33 42.50 59.67 58.00
16/67 39.50 61.67 48.33
16/50 39.00 55.00 51.67
16/33 44.00 68.67 55.00
32/67 41.50 60.33 52.33
32/50 42.00 57.67 53.33
32/33 43.75 65.00 51.67
GRAD 41.50 58.67 57.33
PREBUD 39.00 61.67 42.67
PREBLOOM 42.50 67.33 50.00
10% BLOOM — 63.00 52.33
LSD (0.05) 2.64 9.71 7.08

f Refer to Table I for treatment descriptions.

In 1988 (Appd. C - Table 55), Spredor II plant heights 
were significantly affected by harvest frequency and 
intensity. The frequency x intensity interaction was not 
significant. The 32-day harvest frequency treatments had 
taller plants than 8- and 16-day harvest frequency 
treatments (Table 16). Alfalfa vigor apparently declined 
with a decrease in rest between harvests in 1987. The 33% 
forage removal treatments had taller plant heights than 50% 
and 67% harvest intensity treatments. Generally, alfalfa 
plant heights and vigor were reduced in 1988 by severe
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harvest pressure in 1987.

Table 16. Spredor II alfalfa plant heights 
.as affected by harvest frequency and 
intensity at Kalispell in May 1988.

Plant
Height

Freouencv cm
days
8 40.50 Af
16 40.83 A
32 42.42 B

Intensitv
% removal

67 39.58 A
. 50 40.75 A
33 43.42 B

f Means followed by the same letter are not 
significantly different (P < 0.05) using 
LSD.

Significant cultivar x intensity, and cultivar x 
frequency interactions were observed for plant heights in 
1989 (Appd. C - Table 55). For the cultivar x intensity 
interaction (Fig. 14), Maxim plant heights were similar 
across all intensities. Spredor II had the taller plant 
heights than Maxim at 33% harvest intensity, was similar to 
Maxim at 50% harvest intensity, and had taller plant heights 
than Maxim at 67% harvest intensity. Spredor II generally 
had taller plant heights than Maxim.
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Figure 14. Alfalfa plant heights in May 
1989 as affected by cultivars and 
harvest intensity at Kalispell.

For the cultivar x frequency interaction (Fig. 15), no 
differences were observed at the 8-day harvest frequency. 
Spredor II had taller plant heights than Maxim at 16- and
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Figure 15. Alfalfa plant heights in May 1989 as affected by cultivars and 
harvest frequency at Kalispell.
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32-day harvest frequencies. Plant height differences were 
similar at 16- and 32-day harvest frequencies for each 
cultivar.

Generally, Spredor II had taller plant heights at each 
location. Spredor II may be more tolerant to frequent 
harvesting than Maxim. Spredor II is also more winterhardy 
than Maxim and it may have withstood winter stress better.
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STAND PERSISTENCE AND ROOT RESPONSE TO 
FREQUENCY AND INTENSITY OF DEFOLIATION

Materials and Methods
Bozeman. ' 1

The experimental design and harvest treatments are 
described in Chapter III.

Alfalfa stand was measured using an occupancy meter.
The occupancy meter consists of a I m long angle iron with 
twenty-one 0.625 by 7.5 cm steel dowels welded perpendicular 
to its length and spaced at 5 cm intervals. This provides 
20 cells on the occupancy meter. Occupancy was determined 
by slipping the occupancy meter into an alfalfa row and the 
number of cells occupied by alfalfa plants counted. Five 
counts per plot (100 cells) were recorded at each count date 
except for May 1988 in which three counts per plot were

_ y
recorded. Counts were taken each spring when the plants 
were 5 to 10 cm tall and following the final seasonal 
harvest each August. Only the middle three alfalfa rows 
were used for occupancy counts.

Each year, root samples were dug from the two outside 
rows of each plot immediately following the final seasonal 
harvest (mid-August) and again following a hard frost 
(-4°C). In 1988, five random plants plot 1 were dug and in 
1989 ten random plants plot"1 were dug for Spredor II only. 
Plants were washed, topgrowth trimmed to approximately 2.5

CHAPTER 4
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cm from the crown, and roots trimmed to 20 cm. Samples were 
placed into paper sacks and immediately transported to the 
laboratory. Each root was cut at the base of the crown and 
5 cm below the crown base. Root diameter measurements were 
taken on the cut root surfaces (crown, 5 cm, 20 cm) and the 
samples replaced in their respective sacks. Hydrolytic 
enzymes were inactivated by heating roots (two sample sacks 
at a time) in a microwave oven on high power for two 
minutes, turned, and heated for an additional two minutes. 
Heated roots were then dried at 45°C for five days. Dry 
weights were recorded and the roots were ground through a 
Thomas-Wiley Laboratory Mill, Model 4 (Arthur H. Thomas Co., 
Philadelphia, PA) and reground through a Cyclone Sample Mill 
(UD Corporation, Boulder, CO) using a 0.5 mm size screen.

Total nonstructural carbohydrates (TNG) were determined 
using near infra-red reflectance spectroscopy (NIRS). The 
NIRS determinations were performed by Dr. Nick Hill at the 
University of Georgia using a Pacific Instruments NIRS unit 
(Model 6250, Neotech division. Silver Springs, Md). To 
calibrate the NIRS, TNC analyses were conducted on roots 
from 30 Maxim and 30 Spredor II plots in 1988 and 20 Spredor 
II plots in 1989. Roots were selected from each location at 
each sampling date. Total nonstructural carbohydrates were 
not estimated for Maxim in 1989. Total nonstructural 
carbohydrates were analyzed according to Smith (1981) but 
with several modifications (Appd D - Table ). A 0.25%
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Clarase 40,000 (Miles. Laboratories, Inc., Elkhart, IN)

. . . I

solution was used for disaccharide and starch hydrolysis. 
Incubation temperature, was 440C and the sample boiling, time 
during the reducing power analysis was increased to 20 
minutes.
Kalisoell.

Stand persistence and root sample data were obtained in 
the same manner as at Bozeman. Dry root samples were 
shipped to Bozeman where they were processed for TNC 
determinations. Total nonstructural carbohydrate analyses 
were not conducted on roots from Kalispell in 1989.

.Results and Discussion ,

Total Nonstructural Carbohydrates
Bozeman. Significant TNC differences were observed for 

each cultivar in August 1988 (Appd. C - Table 56). The 
160/33%, 320/50%, 320/33%, and GRAD treatments had higher 
TNC than other treatments (Figs. 16,17). Generally, the 
treatments with the most seasonal harvest pressure had the 
lowest TNC in August. Control treatments had low TNC 
because they were harvested within two weeks of sampling 
(Appd. A - Table 39) and were probably drawing on root 
carbohydrate reserves for regrowth. Smith (1975) and Cooper 
and Watson (1968) reported that alfalfa draws on root 
carbohydrate reserves for two to three weeks following 
cutting before leaf area was sufficient to fuel regrowth.
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Figure 16. Spredor II alfalfa Total 
Nonstructural Carbohydrate in August and 
October 1988 as affected by harvest 
treatments at Bozeman.

By October, there were no significant differences in 
TNC for either cultivar (Appd. C - Table 56) (Figs. 16,17). 
The long fall period (Appd. A - Table 39) was sufficient to 
allow even the most severely stressed plants time to 
replenish root carbohydrate reserves. Plants with severe 
seasonal cutting pressure (80/67%, 80/50%, 160/67%) rosetted 
during the fall management period. Apparently photosynthate
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Figure 17. Maxim alfalfa Total 
Nonstructural Carbohydrate in August and 
October 1988 as affected by harvest 
treatments at Bozeman.

was channeled to root and crown tissue for storage instead 
of to shoot growth. Plants with less harvest pressure 
produced abundant shoot growth during the fall (Table 4). A 
mechanism may exist in alfalfa that senses low root 
carbohydrate reserves during autumn and directs 
photosynthate allocation accordingly.
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In August 1989, a pattern of carbohydrate storage 

similar to 1988 was observed for Spredor II (Fig. 18). The 
least severe treatments had high TNC. Control treatments 
had relatively low TNC, again due to harvesting two weeks 
prior to sampling (Appd. A - Table 40).
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Figure 18. Spredor II alfalfa Total 
Nonstructural Carbohydrate in August and 
September 1989 as affected by harvest 
treatments at Bozeman.

Bozeman experienced a typical fall in 1989 with a hard 
frost occurring in mid-September (Appd. B - Fig. 42). The
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final fall harvest was taken on September 15 and roots were 
dug a day later for TNC determinations. The shorter fall 
regrowth period (approximately 70 days in 1988 and 30 days 
in 1989) was evident in 1989. Total Nonstructural 
Carbohydrate values were approximately 12% less than in 1988 
(Figs. 16,17,18). Treatment differences in September were 
significant (Appd. C - 56). Generally, GRAD and the 33% 
intensity treatments had high TNC (Fig. 18). Residual leaf 
area at this intensity probably provided the necessary 
photosynthetic area for regrowth, thus reducing the amount 
of carbohydrate drawn from root and crown tissue.

Interactions were not significant in either year (Appd. 
C - 57). Analysis of factor level means showed harvest 
frequency and intensity to be significant in August 1988 
(Appd. C - Table 57). The 32-day frequency treatments had 
higher TNC values than 8- and 16-day frequency treatments 
(Table 17) indicating that an increase in the number of 
harvests during the season reduced the level of stored root 
carbohydrate in August. The 33% intensity also had higher 
TNC values than 50% and 67% intensity in August 1988. There 
was probably sufficient leaf area remaining after cutting at 
the 33% intensity that Very little carbohydrate was drawn 
from the root tissue for regrowth. In general* increased 
harvest pressure resulted in lower TNC levels at the end of 
the harvest season (August 1988).
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Table 17. Total Nonstructural Carbohydrate as affected by 
cultivars, harvest frequency and intensity at Bozeman.

1988
Means

1989
Aug Oct Aug Sept

Cultivar
Spredor II 20.15 Af 32.67 A -$ —

Maxim 18.66 A 32.58 A — —
Freauencv
days
8 15.74 A 30.57 A 15.34 A 19.50 A
16 18.49 A 32.73 AB 18.00 B 21.07 A
32 24.07 B 34.57 B 19.55 B 21.13 A

Intensitv
percent
67 16.16 A 32.18 AB 16.14 A 18.91 A
50 18.23 A 31.29 A 17.88 A 19.99 A
33 23.18 B 34.39 B 18.86 A 22.80 B .

f Means within a column followed by the same letter do not 
differ significantly (P < 0.05) LSD.

$ Only Spredor II was harvested in 1989.

In October 1988, the same general patterns were present 
but the differences among the factor level means were much 
smaller (Table 17). All TNC levels were above 30%. The TNC 
level required to sustain alfalfa through the winter is 
difficult to determine. Many factors are involved including 
geographical location, length of winter, winter severity, 
snow cover, soil moisture, desiccation, and many other 
environmental stresses.

No interactions for TNC were observed in 1989 (Appd. C 
- Table 57). Harvest frequency was significant for Spredor
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II in August 1989 (Appd. C - Table 57) (Table 17). The 8- 
day harvest frequency had lower TNC than 16- and 32-day 
harvest frequencies. As in 1988, an increase in seasonal 
harvest pressure resulted in lower TNC values by August.

In September 1989 (Table 17), only harvest intensity 
had significant TNC differences. The 33% intensity had the 
highest TNC. Again, this is probably due to residual leaf 
area at this intensity providing the necessary energy for 
regrowth, thus reducing the demand on root carbohydrate 
reserves.

Kalispell TNC. Total nonstructural carbohydrates were 
determined only in 1988. Total nonstructural carbohydrate 
differences were significant for the August sampling date 
(Appd. C - Table 58) for each cultivar (Figs. 19,20). 
Carbohydrate storage patterns following seasonal harvests at 
Kalispell were similar to Bozeman (Figs. 16,17,18). 
Treatments with severe harvest pressure tended to have the 
lowest TNC (Figs. 19,20). As at Bozeman, control treatments 
were also low because they had been harvested two to three 
weeks prior to the August sample date (Appd. A - Table 39).

In October 1988, only Spredor II had significant 
treatment differences (Appd. C - Table 58). The GRAD 
treatment, 32D/50%, and the 33% harvest intensity treatments 
(Fig. 19) had relatively high TNC while 80/67% and 80/50% 
tended to have low TNC. The differences were not as large 
as those that occurred at the August date. The GRAD
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Figure 19. Spredor II alfalfa Total 
Nonstructural Carbohydrate in August and 
October 1988 as affected by harvest 
treatments at Kalispell.

treatment appears to allow alfalfa sufficient time to store 
carbohydrate reserves during the season.

Significant differences were detected for harvest 
frequency, intensity, and for the frequency x intensity 
interaction for the August sample date (Appd. C - Table 59). 
The 67% harvest intensity treatments had lower TNC than the 
33% and 50% harvest intensity treatments at all harvest
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frequencies (Fig. 21). The 33% harvest intensity treatments 
had higher TNC than 50% harvest intensity treatments at 8- 
and 16-day harvest frequencies. The 33% and 50% harvest 
intensity treatments were similar at the 32-day harvest 
frequency. As rest interval increased between harvests, TNC 
levels increased.
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Figure 20. Maxim alfalfa Total 
Nonstructural Carbohydrate in August and October 1988 as affected by harvest 
treatments at Kalispell.
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In October 1988, interactions were not significant 

(Appd. C - Table 59). Harvest frequency and intensity main 
effects were significant, however. The 8-day harvest 
frequency had the lowest TNC (Table 18). For harvest 
intensity, the 33% intensity had higher TNC than the 67% 
intensity. Generally, as harvest pressure increased TNC 
levels declined. Locations responded similarly.

F o i i | i  R i m m l
111 — 11% "IT*

Figure 21. Alfalfa TNC in August 1988 
as affected by harvest frequency and intensity at Kalispell.

Occupancy

Bozeman. In 1987, only Maxim was harvested on the 
treatment schedules (see Agustinho 1988.) May 1988 data are 
for Maxim only.

Maxim harvested at prebloom had the lowest occupancy at 
the May 1988 sample date (Table 19). All other treatments 
had similar occupancies.
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Table 18. Total Nonstructural Carbohydrate 
as affected by cultivars, harvest frequency and intensity at Kalispell in October 1988.

TNC
Cultivar Percent
Spredor II 29.15 Af
Maxim 30.14 A
Frequency
days

8 28.42 A
. 16 29.87 B
32 30.64 B

Intensity 
% removal

67 28.70 A
50 29.54 AB
33 30.69 B

f Means followed by the same letter for each factor not significantly different (P < 0.05) 
using LSD.

Treatments (Table 19) were significantly different for 
Maxim in October 1988 with 80/67% and 10% bloom having lower 
occupancies than the 32-day harvest frequency treatments and 
the 33% harvest intensity treatments. Even though 
statistical differences were observed, stands were excellent 
for all sample dates at Bozeman in 1988.

In 1989, differences were not observed for either 
cultivar at each sampling date (Appd. C - Tables 60,61).
This is surprising because some treatments had been 
harvested as many as 26 times in two years (Maxim 8-day
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Table 19. Maxim alfalfa occupancy in 1988 as affected by harvest treatments at Bozeman.
Treatmentf May October

8/67 97.67
Percent

97.33
8/50 99.33 99.00
8/33 99.33 100.00
16/67 100.00 99.67
16/50 99.00 99.33
16/33 97.67 100.00
32/67 99.00 100.00
32/50 99.00 100.00
32/33 100.00 100.00
GRAD 100.00 98.67
PREBUD 98.67 99.00
PREBLOOM 93.00 98.00
10% BLOOM 97.33 97.00
LSD (0.05) 3.38 1.80
f Refer to Table I for treatment descriptions.

harvest frequency treatments). These results are probably 
due to the fall management practices employed. By deferring 
harvest during the 30 days prior to the average date of the 
first frost the alfalfa plants were able to replenish 
carbohydrate reserves and prepare for winter (Figs. 
16,17,18). ,The fall periods in 1987 (data not shown) and
1988 (Appd. B - Fig. 41) were unusually long and warm. This 
provided the alfalfa plants with an extra-long winter
hardening period. Under more normal autumn conditions, 
stand reduction for the severe treatments would be expected 

Frequency x intensity interaction was significant for 
Maxim in May 1988 (Appd. C - Table 62). At the 8-day 
harvest frequency (Fig. 22), the 67% harvest intensity 
treatments had the lowest occupancy while 33% and 50%
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intensity treatments were similar. At the 16-day frequency, 
the 67% harvest intensity treatments had higher occupancy 
than the 33% harvest intensity treatments. The 50% harvest 
intensity treatments were intermediate. At the 32-day 
frequency, 50% and 67% harvest intensity treatments were 
similar, while 33% harvest intensity treatments had high 
occupancy. Regardless of statistical differences, 
occupancies were high in all cases.

Foiage R e m i u l-31*
— 51*• SI*

MA XIM

F r e q u e  n c y  ( d a y s )

Figure 22. Maxim alfalfa occupancy as 
affected by harvest frequency and 
intensity at Bozeman in May 1988.

In October 1988, a significant cultivar x intensity 
interaction for occupancy was observed (Appd. C - Table 62). 
Maxim occupancy decreased slightly from 100% at 33% forage 
removal to approximately 99% at 67% forage removal (Fig.
23). Spredor II occupancy was 98% at 33% forage removal and 
increased to approximately 99% forage removal at 67% forage



67
removal. As with the frequency x intensity interaction for 
Maxim in May 1988 (Fig. 22), occupancy differences were 
small. Sampling error could have caused the differences 
observed in these two interactions.

—  S R  R E  D O  R I l  — M A X I M
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Figure 23. Alfalfa occupancy in October 
1988 as affected by cultivars and 
harvest intensity at Bozeman.

Interactions were not significant in 1989. No factor 
level differences were observed for the May 1989 sample date 
although frequency and cultivar both approached significance 
(analysis not shown). Cultivars were significant at the 
September 1989 sample date (Appd. C - Table 62) (Table 20). 
Maxim had a lower occupancy than Spredor II. Stands were 
excellent for both cultivars.
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Table 20. Occupancy factor level means 
for cultivars at Bozeman in 
September 1989.

Occupancy
Cultivar Percent
Spredor II 97.30 BfMaxim 94.26 A
t Means followed by the same
letter are not significantly different (P < 0.05) using LSD.

Kalispell. Occupancy data were collected in May 1988 
and 1989 at Kalispell. In May 1988, no significant 
treatment differences were observed (Appd. C - Table 63).

In May 1989, treatments were significant for Maxim but 
not for Spredor II (Appd. C - Table 63). Ten percent bloom 
had a relatively low occupancy while 80/33% had a relatively 
high occupancy (Table 21). Control treatments tended to be 
somewhat low compared to other treatments. These data did 
not follow any particular trends making it difficult to 
interpret.

Interactions were not significant in either year at 
Kalispell (Appd. C - Table 64). Significant differences 
were observed for cultivars in September, 1989. Spredor II 
had substantially lower occupancies than Maxim.■ some 
Spredor II plants may have lost to Verticillium wilt.

Occupancies were generally lower at Kalispell than at 
Bozeman. A Verticillium wilt infestation at Kalispell 
probably reduced occupancies there compared to Bozeman.
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Table 21. Maxim 
as affected by 
at Kalispell ir

alfalfa occupancy 
harvest treatments 
I 1989.

Treatmentt May
Percent

8/67 79.33
8/50 90.00
8/33 96.00
16/67 79.00
16/50 88.67
16/33 71.33
32/67 76.6732/50 94.33
32/33 82.33
GRAD 81.67
PREBUD 61.00
PREBLOOM 49.00
10% BLOOM 56.67
LSD (0.05) 20.93
t Refer to Table I for treatment 
descriptions.

Even with the additional stress placed on the plants at 
Kalispell, treatments still did not affect occupancies as 
much as expected.

The general lack of significant differences for 
occupancy among treatments is surprising, especially in 
light of the harvest severity on some treatments. Unusually 
long, warm autumn periods were experienced during this study 
which probably allowed the plants under the most severe 
treatments sufficient time to replenish root carbohydrates 
(Figs. 16-20). Under more normal autumn conditions, some 
treatments (ie 80/67%) probably would not stay in stand.
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Root Diameters

Bozeman. In 1988, root diameter differences were not 
observed at either sampling date for Spredor II, or for 
Maxim at the August sample date (Appd. C - Tables 65,66). 
Root diameters were significantly different for Maxim at the 
October 1988 sample date (Appd. C - Table 66). Crown 
diameters were similar (Table 22), but differences in root 
diameter were observed at 5 cm, 20 cm and for the mean root 
diameter. Generally, 10% bloom, and the 32-day frequency 
treatments had large root diameters.

Table 22. Maxim alfalfa root diameters as affected by 
harvest treatments at Bozeman in October 1988. .
Treatment t Crown 5 cm 20 cm Mean

mm
8/67 12.13 7.47 4.33 8.00
8/50 10.53 6.60 3.87 7.00
8/33 11.30 7.00 4.40 7.60
16/67 10.40 6.20 3.07 6.57
16/50 11.53 7.00 4.27 7.60
16/33 13.93 8.93 5.40 9.43
32/67 13.60 8.60 4.20 8.80
32/50 13.27 9.20 5.67 9.4032/33 14.07 9.80 6.93 10.27
GRAD 11.07 7.80 4.93 7:93
PREBUD 9.87 7.37 4.23 7.17
PREBLOOM 13.13 8.13 4.73 8.67
10% BLOOM 13.93 9.73 6.70 10.13
LSD (0.05) NS 1.85 1.74 2.08
Refer to Table I for treatment descriptions

A similar root diameter pattern was observed in August 
1989 for Spredor II at the crown, 5 cm, and for the mean 
root diameter (Table 23). Generally, an increase in the
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number of seasonal harvests reduced root diameters although 
differences were small. Treatments were not significant at 
the September sample date (Appd. C - Table 67).

Table 23. Spredor II alfalfa root diameters as affected by- harvest treatments at Bozeman in August 1989.
Treatment! Crown 5 cm 20 cm Mean

mm
8/67 11.07 7.57 5.90 8.20
8/50 10.83 7.67 4.30 7.57
8/33 11.80 7.98 4.37 8.07
16/67 11.20 7.83 4.63 7.87
16/50 11.07 7.47 4.07 7:53
16/33 12.77 8.30 4.73 8.60
32/67 13.43 8.77 4.93 . 9.07
32/50 14.00 9.37 5.70 9.70
32/33 12.53 7.83 4.97 8.43
GRAD 14.00 8.93 4.97 9.30
PREBUD 12.00 8.40 5.00 8.47
PREBLOOM 12.50 8.40 5.07 8.67
10% BLOOM 13.63 9.93 6.13 9.90
LSD (0.05) 2.22 1.32 NS 1.28
f Refer to Table I for treatment descriptions

A significant cultivar x frequency x intensity 
interaction was detected in October for the 5 cm measurement 
(Appd. C - Table 68). Frequency was significant for 5 cm,20 
cm, and mean root diameter in October 1988 (Appd. C - Table 
68). The 32-day frequency (Table 24) had larger roots at 5 
cm, 20 cm, and for mean root diameters than 8- and 16-day 
frequencies. Generally, a reduction in the number of 
harvests during the season resulted in larger root 
diameters. Frequency approached significance at all root 
diameter measurements for the September sample date
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Table 24. Root Diameters as affected by harvest
frequency at Bozeman in October 1988.

Crown 5cm 20cm Mean

Frequency
days

mm

8 11.97 At 7.467 A 4.394 A 7.950 A
16 13.09 A 7.811 A 4.622 A 8.294 A
32 12.44 A 8.889 B 5.683 B 9.228 B

t Means within a column followed by the same letter are 
not significantly different (P < 0.05) using LSD.

A significant cultivar x intensity interaction was also 
observed in October 1988 for the 20 cm root diameter 
measurement (Appd. C - Table 68). Maxim had larger root 
diameters at 20 cm than Spredor II at 33% forage removal 
(Fig. 24), but had smaller root diameters at 20 cm than 
Spredor II at 67% forage removal. Root diameters at 20 cm 
were similar for each cultivar at 50% forage removal.

—  S P R E O O R  I l  — M A X I M
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Figure 24. Root diameters at 20 cm as 
affected by cultivars and harvest 
intensity at Bozeman in October 1988.
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Frequency was significant in August 1989 for Spredor II 

at the crown and 5 cm root diameter measurements> and for 
mean root diameter (Appd. C - Table 69). The 32-day harvest 
frequency treatments had larger root diameters than 8- and

■ I.I6-day harvest frequency treatments (Table 25).

Table 25. Spredor II root diameters as affected by harvest 
frequency and intensity at Bozeman in August 1989.

Crown 5cm 20cm Mean

--------------- mm ---------------
Frequency
days
8 11.23 At 7.73 A 4.86 A 7.94 A
16 11.68 A 7.87 A 4.48 A 8.00 A
32 13.32 B 8.66 B 5.20 A 9.07 B

I Means within a column followed by the same letter are not 
significantly different (P < 0.05) using LSD.

Kalisoell. No significant differences were observed for 
Spredor TI at the August 1988 sample date, however, 
treatments were significant for Maxim for all root diameter 
measurements (Appd. C - Tables 70,71). The 10% bloom 
treatment had the largest diameters at all measurements 
(Table 26). No clear patterns were observed among other 
treatments.

In October 1988, treatments were significant for 
Spredor II at all root diameter measurements, and for the 20 
qm root diameter measurement for Maxim (Appd. C - Tables 
70,71). Control treatments tended to have large root 
diameters compared to other treatments (Tables 26, 27, 28),
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Table 26. Maxim alfalfa root diameters as affected by
harvest treatments at Kalispell in August 1988.
Treatment! Crown 5 cm 20 cm Mean

mm
8/67 15.65 8.10 5.05 9.63
8/50 14.35 6.70 4.40 8.488/33 15.50 8.00 4.20 9.2316/67 16.60 8.25 5.60 10.1516/50 13.70 8.30 4.85 8.95
16/33 16.30 9.10 5.20 10.20
32/67 17.15 9.25 5.00 10.48
32/50 16.00 9.45 5.80 10.43
32/33 14.05 8.60 5.10 9.25
GRAD 13.65 7.40 4.05 8.38
PREBUD 16.20 8.35 4.65 9.73
PREBLOOM 18.10 8.35 5.30 10.60
10% BLOOM 26.50 11.80 6.95 15.10
LSD (0.05) 4.12 1.43 1.04 1.86

f Refer to Table I for treatment descriptions

Table 27. Spredor II alfalfa root diameters as affected
harvest treatments at Kalispell in October 1988.

Treatment! Crown 5 cm 20 cm Mean
- mm

8/67 15.80 7.15 4.30 9.08
8/50 14.50 7.00 4.25 8.60
8/33 13.50 7.15 4.20 8.28
16/67 12.80 7.60 4.50 8.30
16/50 12.60 7.45 4.55 8.18
16/33 14.70 7.90 4.80 9.13
32/67 15.15 8.15 5.05 9.45
32/50 13.75 7.70 5.00 8.83
32/33 15.45 8.00 5.15 9.53
GRAD 14.05 8.15 5.00 9.08
PREBUD 17.40 8.60 5.55 ' 10.50
PREBLOOM 18.85 9.40 5.55 11.25
10% BLOOM 17.25 9.35 5.80 10.82
LSD (0.05) 2.88 1.19 .96 1.40

t Refer to Table I for treatment descriptions
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although differences were small. Again, no clear patterns 
were observed for root diameters.

The 8-day frequency treatments had smaller root 
diameters than.the 16- and 32-day frequencies for the 5 cm 
and 20 cm root diameter measurements in August (Table 29). 
By October 1988, the only difference for frequency was at 
the 20 cm root diameter measurement (Appd. C - Table 72) 
(Table 30), where 8-day frequency treatments again had the 
smallest root diameters. Maxim had larger root diameters 
than Spredor II at 5 cm in August and October 1988 (Tables 
29,30).

Table 28. Maxim alfalfa root diameters as affected by harvest treatments at Kalispell in October 1988.
Treatmentf Crown 5 cm 20 cm Mean

mm
8/67 13.45 8.10 4.90 8.83
8/50 16.30 7.95 4.95 9.73
8/33 14.20 8.40 5.00 9.20
16/67 14.45 8.60 5.80 9.60
16/50 16.00 8.40 5.30 9.93
16/33 15.00 8.70 6.30 10.00
32/67 15.05 8.25 5.40 9.55
32/50 14.80 8.00 4.95 9.25
32/33 14.80 8.35 5.10 9.43
GRAD 14.70 8.30 5.45 9.48
PREBUD 15.65 8.95 5.05 9.88
PREBLOOM 15.75 8.75 5.30 9.93
10% BLOOM 17.55 8.75 6.25 10.88
LSD (0.05) NS NS COCO NS

f Refer to Table I for treatment descriptions.
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Table 2 9. Root diameters as affected by cultivars, harvestfrequency and intensity at Kalispell in August 1988.

’ Crown 5 cm 20 cm Mean

Cultivar 
Spredor II 
Maxim

mm
17.41 Aj 7.89 A 4.55 A
15.48 A 8.42 B 5.02 A

9.95 A 
9.62 A

Frequencydays
8
16
32

16.68 At 7.46 A 4.37 A 
16.35 A 8.48 B 5.06 B 
16.29 A 8.53 B 4.93 B

9.50 A 
9.97 A 
9.92 A

t Means within a column followed for each factor by the same 
letter are not significantly different (P < 0.05) using 
LSD.

Table 30. Root diameters as affected by cultivars, harvest 
frequency and intensity at Kalispell in October 1988.

Crown 5 cm 20 cm Mean

Cultivar 
Spredor II 
Maxim

mm
14.25 Af 
14.89 A

7.57 A 
8.31 B

4.64 A 
5.30 A

9.40 A 
9.50 A

Frequency
days
8 14.63 A 7.63 A 4.60 A 8.95 A
16 14.26 A 8.11 A 5.21 B 10.07 A
32 '14.83 A 8.08 A 5.11 B 9.34 A

t Means within a column for each factor followed by the same 
letter are not significantly different (P < 0.05) using 
LSD.

A significant cultivar x intensity interaction was 
observed for 5 cm, 20 cm, and mean root diameter in August 
1988 (Appd. C - Table 72). For the 5 cm root diameter 
measurement interaction (Fig. 25), no differences were
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observed at 33% and 50% harvest intensities. Maxim had 
larger root diameters than Spredor II at the 67% harvest 
intensity. Maxim regrows at a faster rate than Spredor II. 
Consequently, Maxim may replace lost photosynthetic tissue, 
and ultimately root carbohydrate reserves, more quickly than 
Spredor II.
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Figure 25. Root diameters at 5 cm as 
affected by cultivars and harvest 
intensity at Kalispell in August 1988.

For the 20 cm root diameter measurement (Fig. 26), 
Spredor II had larger root diameters than Maxim at 33% 
harvest intensity, but had smaller root diameters than Maxim 
at 50% and 67% harvest intensities.

For mean root diameter (Fig. 27), Spredor II had larger 
mean root diameters than Maxim at 33% and 50% harvest 
intensities, but lower mean root diameters than Maxim at 67% 
harvest intensity.
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Figure 26. Root diameters at 20 cm as 
affected by cultivars and harvest 
intensity at Kalispell in August 1988.

—  S P R E O O R  I l  — M A X I M

5 0
I n t e n s i t y  | p e i c e n t |

Figure 27. Mean root diameters in 
August 1988 as affected by cultivars and 
harvest intensity at Kalispell.

A significant cultivar x frequency interaction was 
observed at the 20 cm height in October 1988 (Appd. C - 
Table 72). Maxim had larger root diameters than Spredor II 
at 8- and 16-day harvest frequencies (Fig. 28). Both 
cultivars had larger root diameters at the 16-day harvest
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frequency than at the 8-day harvest frequency, although the 
diameter increase was greater for Maxim. No differences 
were observed at the 32-day harvest frequency.

Root diameters, TNC, and forage yields seemed to be 
influenced more by harvest frequency than harvest intensity 
or cultivars. Generally, as rest between harvests increased 
to 32-day intervals, root diameters became larger, seasonal 
TNC levels increased, and seasonal forage yields were 
larger. A relationship among these variables may exist.

— - S  W E  O O R  I l —  M A X I M
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Figure 28. Root diameters at 20 cm as 
affected by cultivars and harvest 
frequency at Kalispell in October 1988.
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CHAPTER 5

ALFALFA FORAGE QUALITY IN RESPONSE TO
FREQUENCY AND INTENSITY OF DEFOLIATION

■ ' . !
Materials and Methods

Bozeman. ,
The experimental design and harvest treatments are 

described in Chapter III.
The samples were ground through a Thomas-Wiley 

Laboratory Mill (Model 4) and reground with a Cyclone 
Sample Mill using a 0.5 mm screen. The ground samples were 
sent to Dr. Nick Hill at the University of Georgia for NIRS 
determinations for acid detergent fiber (ADF), neutral 
detergent fiber (NDF), In Vitro digestible dry matter 
(IVDDM), and crude protein (CP). Crude protein, ADF, NDF, 
and IVDDM estimates were not conducted in 1989.

Mean seasonal ADF concentration was calculated by 
averaging ADF concentration for seasonal harvesting (May - 
August). Mean seasonal NDF, protein, and IVDDM 
concentrations were calculated similarly. Mean total ADF 
concentration was calculated by averaging ADF concentration 
for the entire year (includes fall management harvest).
Mean total NDF, protein, and IVDDM concentrations were 
calculated similarly.
Kalisnell.

Sample collection and dry matter determinations were 
conducted in the same manner as Bozeman. Crude protein.
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ADF, NDF, and IVDDM were not determined for the Kalispell 
samples.

Results and Discussion* I

Seasonal Acid Detergent Fiber
Acid Detergent Fiber (ADF) is the amount of highly . 

indigestible plant material (minerals, pectins, lignin) in 
forage. A low ADF concentration is desirable for livestock 
use (Marten et al., 1988).

Significant mean seasonal ADF concentration treatment 
differences for seasonal harvesting (not including fall 
harvesting) were observed for each cultivar in 1988 (Appd. C 
- Table 73). Ten percent bloom had the highest mean ADF 
concentration for Maxim and Spredor II (Fig. 29). Prebud 
and 32D/67% also tended to have slightly higher'mean 
seasonal ADF concentrations than other treatments. These 
treatments were more mature when harvested than most of the 
other treatments. Lignin accumulation and other 
undigestible components in the secondary cell walls of the 
stem material probably contributed to the high ADF 
concentrations. Kalu and Fick (1983) have reported lignin 
(and ADF concentration) to increase in alfalfa stems with 
increasing plant age.

In 1988, significant differences (Appd. C - Table 74) 
for mean seasonal ADF concentration were detected for 
cultivars, harvest frequency, intensity, and the cultivar x 
frequency and frequency x intensity interactions. Spredor II
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(Fig. 30) had higher mean seasonal ADF concentration than 
Maxim at the 8-day harvest frequency.
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Figure 29. Spredor II and Maxim alfalfa 
mean seasonal ADF concentration as 
affected by harvest treatments at 
Bozeman in 1988.

Spredor II and Maxim had similar mean ADF 
concentrations at 16- and 32-day harvest frequencies. 
Generally, mean seasonal ADF concentrations increased as 
rest between harvests increased, presumably due to an 
increase in indigestible cell wall constituents (lignin,
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condensed tannins, cutin) in those plants harvested less 
often.
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Figure 30. Alfalfa mean seasonal ADF 
concentration as affected by cultivars 
and harvest frequency at Bozeman in 1988.

For the frequency x intensity interaction (Fig. 31), 
all intensities responded the same at the 8-day harvest 
frequency. At the 16- and 32-day harvest frequencies mean 
seasonal ADF concentration corresponded directly with the 
mean amount of forage removed, ie. 67% forage removal 
treatments had the highest mean seasonal ADF concentration 
followed by 50% and 33% removal treatments.

The 67% harvest intensity treatments had higher mean 
ADF concentrations probably because a larger proportion of 
old stem and leaf material was removed at each harvest 
compared to 50% and 33% harvest intensities. This older 
foliage was probably higher in indigestible cell wall 
components than younger foliage. Conversely, the 33%
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harvest intensity treatments had low ADF concentrations at 
16- and 32-day harvest frequencies because the forage 
removed at each harvest was relatively young tissue which 
probably had not accumulated large amounts of lignin and 
other indigestible components. All intensities had higher 
mean seasonal ADF concentrations as rest increased from 16- 
day intervals to 32-day intervals.

F o r a g e  R e m o v a l
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Figure 31. Alfalfa mean seasonal ADF 
concentration as affected by harvest 
frequency and intensity at Bozeman in 
1988.

Total Acid Detergent Fiber

Mean total ADF concentration (including seasonal and 
fall management harvest) differences were only significant 
for Spredor II in 1988 (Appd. C - Table 73). Spredor II 
(Fig. 32) harvested at 10% bloom had the highest mean total 
ADF concentration. Prebloom and 32-day harvest frequency 
treatments also had higher mean total ADF concentrations
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Figure 32. Spredor II alfalfa mean 
total ADF concentration as affected by 
harvest treatments at Bozeman in 1988.

than other treatments (excluding 10% bloom). These 
treatments were cut at a later growth stage and probably had 
higher levels of lignin and other indigestible components.

In 1988 (Appd. C - Table 74), significant differences 
were detected for harvest frequency and the frequency x 
intensity and cultivar x frequency interactions. For the 
frequency x intensity interaction (Fig. 33) , 33% and 67% 
harvest intensity treatments responded similarly at each 
frequency with the 33% harvest intensity treatments having 
higher mean total ADF concentration than 67% harvest 
intensity treatments. The 50% harvest intensity treatments 
had similar mean total ADF concentrations to 67% harvest 
intensity treatments at the 8-day harvest frequency. At the 
16-day harvest frequency, 50% harvest intensity treatments 
had lower mean ADF concentrations than 67% and 33% harvest 
intensity treatments, but were similar to 33% harvest
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Figure 33. Alfalfa mean total ADF 
concentration as affected by harvest 
frequency and intensity at Bozeman in 
1988.

intensity treatments at the 32-day harvest frequency. 
Generally, mean total ADF concentrations increased as 
harvest interval increased.

Spredor II (Fig. 34) had higher mean total ADF 
concentrations than Maxim at 8- and 16-day harvest 
frequencies. Maxim had a larger mean total ADF 
concentration than Spredor II at the 32-day harvest 
frequency.

In general, seasonal and total ADF concentrations were 
relatively low for frequent harvests. Presumably, cell wall 
thickening and lignification contributed to the high ADF 
concentrations for those treatments harvested at later 
growth stages (Marten et al., 1988). Leaf drop may have 
also increased the proportion of stem material in those 
treatments where sampling occurred at late growth stages.
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Alfalfa stems increase in ADF concentration with later 
growth stages (Kalu and Pick, 1983).

F r e q u e n c j r  l d a y s )

Figure 34. Alfalfa mean total ADF 
concentration as affected by cultivars 
and harvest frequency at Bozeman in 
1988.

Seasonal Neutral Detergent Fiber
Neutral Detergent Fiber (NDF) is a measure of cell wall 

material (cellulose, hemicellulose, pectin, lignin, 
minerals) that is only partially available to livestock 
(Marten et al., 1988). It is used as an inverse measure of 
intake. Animal forage intake increases as NDF decreases.

Significant treatment differences were observed for 
mean seasonal NDF concentration for each cultivar in 1988 
(Appd. C - Table 75). For Spredor II (Fig. 35), GRAD had 
the lowest mean NDF concentration for the season while 10% 
bloom had the highest mean NDF concentration. Ten percent
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bloom also had the highest mean NDF concentration for Maxim.
Treatment differences generally were not great.
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Figure 35. Spredor II and Maxim alfalfa 
mean seasonal NDF concentration as 
affected by harvest treatments at 
Bozeman in 1988.

In 1988, Spredor II had higher mean seasonal NDF 
concentration than Maxim (Appd. C - Table 76) (Table 31). 
Spredor II may have a higher proportion of cell wall 
constituents than Maxim.
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Table 31. Mean Neutral Detergent Fiber 
concentration for cultivars for seasonal harvesting 
(May - Aug.) at Bozeman in 1988.

Cultivars g kg
Spredor II 480.4 AfMaxim 473.4 B
t Means followed by the same letter are not 
significantly different (P < 0.05) using LSD.

A significant frequency x intensity interaction was 
observed for mean seasonal NDF concentration in 1988 (Appd.
C - Table 76). No differences were observed at the 8-day 
harvest frequency (Fig. 36). At the 16- and 32-day harvest 
frequencies, 67% harvest intensity treatments had the 
highest mean seasonal NDF concentrations followed by the 50% 
and 33% harvest intensity treatments. This was expected 
because a larger proportion of old stem and leaf
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Figure 36. Alfalfa mean seasonal NDF 
concentration as affected by harvest 
frequency and intensity at Bozeman in 
1988.
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material was harvested as harvest intensity increased (for a 
given frequency). The 33% harvest intensity treatments 
removed young, actively growing tissue that probably did not 
have high amounts of cellulose, lignin, and other cell wall 
materials.

Total Neutral Detergent Fiber
Mean total NDF concentration in 1988 was only 

significant for Spredor II (Appd. C - Table 75). Spredor II 
harvested at ten percent bloom (Fig. 37) had the highest 
mean total NDF concentration. The 32-day frequency 
treatments had relatively high mean total NDF 
concentrations.

■  «  D A Y  £ 2 2  11 D A Y  E S  1 1  D A Y  M d E C K

Figure 37. Spredor II alfalfa mean 
total NDF concentration as affected by 
harvest treatments at Bozeman in 1988.

Interactions were not significant for mean total NDF 
concentration in 1988 (Appd. C - Table 76). Cultivars and 
harvest frequency were significant. Spredor II had a higher
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mean NDF concentration for total harvesting than Maxim 
(Table 32). Spredor II also had a higher seasonal NDF 
concentration than Maxim (Table 31). A cultivar difference 
may exist between Spredor II and Maxim for NDF 
concentration. The 32-day harvest frequency treatments 
(Table 32) had the highest mean total NDF concentration for 
total harvesting in 1988.
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Table 32. Mean Neutral Detergent Fiber 
concentration as affected by cultivars and 
harvest frequency for total harvesting 
(May - Oct.) at Bozeman in 1988.

Cultivars 
Spredor II 
Maxim
Frequency

days
8 475.7 A
16 473.0 A
32 507.1 B

g kg 
489.4 Af 
481.1 B

f Means for each factor followed by the same letter 
are not significantly different (P < 0.05) using 
LSD.

In general, mean seasonal and total NDF concentration 
differences among treatments were small. There,was a 
tendency for those treatments harvested at relatively late 
growth stages to have slightly higher mean NDF 
concentrations. Since NDF includes ADF, these differences 
could be due to cell wall thickening, an increase in lignin 
and other indigestible constituents, and lower leaf to stem 
ratio due to leaf drop.
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Seasonal Protein

Significant treatment differences were observed for 
mean seasonal protein concentration (Appd. C - Table 77). 
For Spredor II (Fig. 38), 10% bloom and GRAD had the lowest 
mean protein concentration. Control treatments were 
generally lower in mean protein concentration for each 
cultivar compared to other treatments. The 8- an 16-day 
frequency treatments had relatively high mean protein
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Figure 38. Spredor II and Maxim alfalfa 
mean seasonal protein concentration as 
affected by harvest treatments at 
Bozeman in 1988.
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concentrations.

Interactions were not significant for mean seasonal 
protein concentration in 1988 (Appd. C - Table 78). Harvest 
frequency and intensity, however, were both significant. The 
8- and 16-day frequency treatments had higher mean seasonal 
protein concentration than the 32-day frequency treatments 
(Table 33). The 67% intensity treatments had the lowest 
mean seasonal protein concentration. Protein concentration 
in alfalfa is higher at immature growth stages (Kalu and 
Pick, 1983; Welty et al., 1988). As alfalfa matures, leaf 
area and crude protein decrease (Buxton et al., 1985; 
Sheaffer et al., 1988).

Table 33. Mean Protein concentration as affected 
by cultivars, harvest frequency and intensity for 
seasonal harvesting (May - Aug.) at Bozeman in 1988.

Cultivars g kg
Spredor II 279.9 Af
Maxim 279.1 A
Frequency 

days
8
16 
32

Intensity 
% removal

67 274.3 A
50 279.8 B
33 284.3 B

283.5 A 
286.2 A 
268.7 B

f Means for each factor followed by the same letter 
are not significantly different (P < 0.05) using 
LSD.
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Total Protein

Treatment differences were significant for mean total 
protein concentration for each cultivar in 1988 (Appd. C - 
Table 77). For Spredor II (Fig. 39), 10% bloom, prebud, and 
GRAD had lower mean total protein concentrations than other 
treatments. Ten percent bloom had the lowest mean total 
protein concentration for Maxim. Generally, 8- and 16-day 
frequency treatments had relatively higher protein 
concentrations than other treatments.
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Figure 39. Spredor II and Maxim alfalfa mean total protein concentration as affected by harvest treatments at Bozeman in 1988.
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Interactions were not significant for mean total 

protein concentration in. 1988 (Appd. C - Table 78). Harvest 
frequency was significant. The 8-day harvest frequency 
treatments had the highest mean total protein concentrations 
in 19.88 (Table 34) . The 16-day harvest frequency treatments 
were intermediate.

Generally, short harvest intervals (relatively young 
growth stages) produced high mean total protein 
concentrations in 1988. The 32-day harvest frequency 
treatments had low protein probably because they were more 
mature than other treatments at the fall management harvest 
and had a high proportion of stems.

Table 34. Mean Protein concentration as affected 
by cultivars, harvest frequency and intensity for 
total harvesting (May - Oct.) at Bozeman in 1988.
Cultivars g kgSpredor II 265.8 At
Maxim 264.1 A
Freouencv

days
8 280.8 A
16 274.5 B
32 239.5 C

f Means for each factor followed by the same letter 
are not significantly different (P < 0.05) using 
LSD.

Seasonal In Vitro Digestible Dry Matter
In Vitro Digestible Dry Matter is a measure of the 

percentage of a forage that is digestible.
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Treatments were only significant for mean seasonal 

IVDDM concentration for Spredor II in 1988 (Appd. C - Table 
79). Generally, GRAD and the control treatments prebud and 
10% bloom had relatively low mean seasonal IVDDM 
concentration (Fig. 40). Plants under these treatments were 
harvested at a late growth stage.
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Figure 40. Spredor II alfalfa mean 
seasonal IVDDM concentration as affected 
by harvest treatments at Bozeman in 
1988.

Interactions were not significant for mean seasonal 
IVDDM concentration in 1988 (Appd. C - Table 80). Harvest 
frequency and intensity were significant, however. The 8- 
day frequency treatments had the lowest mean seasonal IVDDM 
concentration (Table 35). This is surprising since the 8- 
day frequency treatments were harvested at a young growth 
stage. They would be expected to have a similar, if not 
higher, mean IVDDM concentration to the 16- and 32-day 
harvest frequency treatments. The 67% intensity
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Table 35. Mean In Vitro Digestible Dry Matter 
concentration as affected by cultivars, harvest 
frequency and intensity for seasonal harvesting 
(May - Aug.) at Bozeman in 1988.

Cultivars g kgSpredor II 735.7 Af
Maxim 733.6 A
Frecmencvdays

8 718.8 A
16 743.8 B
32 741.4 B

Intensitv 
% removal

67 721.8 A
50 735.0 B
33 747.2 C

f Means for each factor followed by the same letter 
are not significantly different (P < 0.05) using 
LSD.

treatments had the lowest mean IVDDM concentration 
while the 33% intensity treatments had the highest mean 
IVDDM concentration. This is probably due to the inclusion 
of old, lignified stems in forage taken at the 67% harvest 
intensity.

Total In Vitro Digestible Drv Matter
Significant treatment differences were only observed 

for Spredor II for mean total IVDDM concentration in 1988 
(Appd. C - Table 79). Prebloom and the I6-day frequency 
treatments had a slightly higher mean total IVDDM 
concentration than other treatments (Fig. 41). The GRAD 
treatment had the lowest, mean total IVDDM concentration.
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Regardless of statistical differences, treatment differences 
were generally small.
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Figure 41. Spredor II alfalfa mean 
total IVDDM concentration as affected by 
harvest treatments at Bozeman in 1988.

Interactions were not significant for mean total IVDDM 
concentration in 1988 (Appd. C - Table 80). Harvest 
frequency was significant in 1988 (Appd. C - Table 80). The 
32-day frequency treatments had the lowest mean total IVDDM 
concentration (Table 36). Again these treatments were more

Table 36. Mean In Vitro Digestible Dry Matter 
concentration as affected by cultivars, harvest 
frequency and intensity for total harvesting 
(May - Oct.) at Bozeman in 1988.

Frecruencv
days

g kg'1

8 723.3 Af
16 732.4 A
32 703.5 B

t Means followed by the same letter are not 
significantly different (P < 0.05) using LSD.



mature than other treatments. The low IVDDM for 32-day 
harvest frequency treatments was probably due to old stem 
material that was taken at the fall management harvest.
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SUMMARY AND CONCLUSIONS

Alfalfa is the most important cultivated forage crop in 
the world. Alfalfa provides livestock with an exceptional 
balance of vitamins, protein, and minerals.

Considerable research has been conducted concerning 
alfalfa usage for hay and pasture. Alfalfa grazing research 
has centered around continuous and rotational grazing 
systems. No research has been published on alfalfa response 
to Short Duration Grazing (SDG).

The objective of this study was to determine the effect 
of simulated SDG on alfalfa yield, stand persistence, and 
alfalfa nutritional quality.

Control treatments, particularly 10% bloom, generally 
had the highest seasonal and total forage yields at each 
location. The GRAD treatment also had high forage yields. 
Treatments with high harvest stress (8D/67%, 8D/50%,
16D/67%) had low forage yields at each location. Forage 
removal for these treatments outpaced regrowth, resulting in 
low stubble heights and limited regrowth by early July. The 
32D/33% treatment had low seasonal yields due to limited 
forage removal. Residual forage left in the pasture due to 
this treatment would probably be wasted by trampling and .

CHAPTER 6

manure.



101
Maxim alfalfa at Bozeman, and both cultivars at 

Kalispell were harvested at 10% bloom in 1989 to determine 
if harvesting on the treatment schedules in 1988 would 
affect forage yields in 1989. It was presumed that 
treatment differences in 1989 would reflect previous 
harvesting. Few treatment differences were observed in 1989 
at each location. There was a tendency for the 32-day 
harvest frequency treatments to have higher forage yields in 
1989, but this trend was not consistent.

Plant heights were measured in the spring prior to the 
first seasonal harvest to also measure the affects of 
previous harvesting. The 32-day harvest frequency 
treatments were generally taller than other treatments. 
Cultivars were different at Bozeman in 1989. Maxim was 
shorter than Spredor II. Maxim had been harvested for two 
years on the harvest schedules, whereas Spredor II had been 
harvested for only one. Maxim's shorter plant heights in 
1989 may reflect the extra year of harvesting. The winter 
of 1988-1989 was very harsh. . Spredor II (fall dormancy = I) 
is more winterhardy than Maxim (fall dormancy = 4) and may 
have withstood winter conditions better than Maxim. No 
cultivar differences were observed at Kalispell.

Total nonstructural carbohydrates were lowest following 
the final seasonal harvest for treatments with high cutting 
pressure (8D/67%, 8D/50%, 16D/67%). Treatments with less 
harvest pressure (16D/33%, 320/50%, 320/33%) and GRAD had
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high TNC following the final seasonal harvest. Control 
treatments generally had low TNC following seasonal 
harvesting because they had been harvested within 14-21 days 
prior to sampling and were probably still drawing on root 
carbohydrate reserves for regrowth.

Treatment differences generally were not significant 
for TNC when sampled following the fall management harvest 
in September or October. Unusually long, warm autumn 
conditions in 1988 extended the growing season at each 
location allowing plants sufficient time to replenish 
carbohydrate reserves for winter. In 1989 at Bozeman, 
plants had approximately half the rest period (30 days) that 
they had in 1988 (70 days) before the fall management 
harvest was taken. This was reflected by TNC values being 
12% lower in 1989 than in 1988.

The most surprising result of this study was that 
treatments had little effect on occupancy counts at each 
location. Some plots (Maxim 8-day harvest frequency 
treatments) had been harvested as many as 26 times in two 
years, yet stand loss was not apparent. This is probably 
due to harvest deferment during autumn until a hard frost 
occurred which allowed plants time to replenish carbohydrate 
reserves. There is some disagreement among alfalfa 
researchers as to the effectiveness of fall management on 
alfalfa vigor and productivity. These results suggest that 
alfalfa fall management is important in Montana for stand



persistence and may be more important than the type of 
grazing strategy employed.

Occupancy differences were greater at Kalispell than at 
Bozeman. This is probably due to Verticillium wilt at the 
Kalispell location. Verticillium would place additional 
stress on the plants and magnify treatment effects.

Root diameter differences were small at each location. 
The 32-day harvest frequency treatments tended to have 
larger root diameters than other harvest frequencies. This 
may be due to higher TNG status in the 32-day harvest 
frequency treatments.

Forage quality was high for treatments cut frequently. 
Mean ADF and NDF concentrations were low, and protein and 
IVDDM was high for frequently harvested plots (8- and I6-day 
harvest frequencies). Presumably, lignin and other 
indigestible components accumulated in those plants 
harvested less often (32-day harvest frequency and control 
treatments).

Alfalfa shows promise for use with short duration 
grazing in Montana. Alfalfa provided good forage yields and 
had high forage quality with the 160/50%, 160/33%, and GRAD 
harvest schedules. The 8-day harvest schedules, 160/67%, 
and 32-day harvest schedules either did not produce high 
forage yields, were low in forage quality, or both. These 
results suggest that alfalfa could be grazed to 50% 
intensity with autumn grazing deferment to replenish

103
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carbohydrate reserves. Additional research utilizing 
alfalfa in actual grazing trials is warranted. The risk of 
ruminant bloat is a problem with alfalfa and research 
utilizing alfalfa in combination with pasture grasses for 
short duration grazing should be conducted.

/
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Table 37: Harvest dates for factorial treatments and GRAD atBozeman and Kalispell in 1988.

Bozeman Kalispell
Harvest Spredor Maxim Spredor Maxim

DATE
I . 5/24* 5/24* 5/16* 5/11*
2 6/04 6/04 5/24* 5/19*
3 6/12 6/14 6/01* 5/27*
4 6/20 6/20 6/09 6/03
5 6/28* 6/29* 6/17* ^ 6/13*
6 7/06 7/06 6/24 6/20
7 7/14* 7/14* 7/05* 6/28*
8 7/22 7/22 7/12 7/06
9 7/29* 7/30* 7/19 7/14
10 8/07 8/07 7/27 7/22
11 8/15 8/15 8/04* 7/29*
12 9/25* 9/25* 8/12 8/08
13 — — 8/19 8/15
14 ---- - — 10/5* 10/5*

* Indicates when GRAD was harvested.
Table 38: Harvest dates for Spredor II factorial treatments ai
Bozeman, Mt. in 1989.

Harvest Bozeman
— DATE —

I 6/09*
2 6/18*
3 6/26*
4 7/04
5 7/12*
6 7/20
7 7/29*
8 8/07
9 8/15
10 9/16*

* Indicates when GRAD was harvested.

I
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Table 39: Harvest dates for control treatments at Bozeman andKalispell in 1988. ,
Bozeman Kalispell

Treatment Spredor Maxim Spredor Maxim
DATE

Prebud 5/24 5/24 5/16 5/117/06 7/06 6/24 6/207/29 7/30 7/28 7/229/25 9/25 10/5 10/5
Prebloom 5/24 5/24 5/16 5/117/14 7/14 6/24 6/208/07 8/07 8/04 7/299/25 9/25 10/5 10/5
10% Bloom 6/24 6/24 6/24 6/207/29 7/30 8/04 7/299/25 9/25 10/5 10/5

Table 40: Harvest dates for Spredor II control treatments
Bozeman in 19891

Treatment Bozeman
- DATE -

Prebud 6/09
6/2 6 
7/29 8/07 9/16

Prebloom 6/09
6/2 6 7/12 
8/07 9/16

10% bloom 6/268/079/16

i
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Figure 42. Autumn maximum and minimum 
air temperature at Bozeman in 1988.
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Figure 43. Autumn maximum and minimum 
air temperature at Bozeman in 1989.
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Table 41. Mean Squares (MS) and Degrees of Freedom (DF) for Spredor II alfalfa forage
yields at Bozeman as affected by harvest treatments.

Seasonal
Fall

Management Total
Source DF 1988 1989 1988 1989 1988 1989

Blocks 12 
Treatments 2 
Residuals 24

-------- ------------------------- MS ------------------------ -
7990500** 13165000** 5423400** 2533800** 16634000** 14732000**

25996 709170 993310 130730 973300 687000
197750 842140 257620 164750 545850 1070800

*,** Significant at P = 0.05 and P = 0.01, respectively.
IO

Table 42. Mean Squares (MS) and Degrees of Freedom (DF) for Maxim 
alfalfa forage yields at Bozeman as affected by harvest treatments.

Seasonal
Fall

Management Total
Source DF 1988 1988 1988

MS
Blocks 12 12859000** 4962500** 24722000**
Treatments 2 787800 442930 2315700
Residuals 24 499070 146040 630110
*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 43. Mean Squares (MS) and Degrees of Freedom (DF) for Bozeman forage
yields as affected by cultivars, harvest frequency and intensity in 1988.

Fall
Source DF Seasonal Management Total

MS
Blocks 2 535230 668720 . 2399200
Cultivar (C) I 83670 1704700** 1033000
Frequency (F) 2 9262200** 35787000** 81412000**
Intensity (I) 2 371330 15000000** 11091000**
C x F 2 2365000** 573410 1079300
C x l 2 1341500* 432080 277950
F X l 4 4706600** 2140600** 10128000**
C x F x I 4 1028400* 250010 1032000
Residual 34 322760 194750 653670
*,** Significant at P = 0.05 and P = 0.01, respectively.

I V )O

Table 44. Mean Squares (MS) and Degrees of Freedom (DF) for Bozeman 
Spredor II forage yields as affected by harvest frequency and 
intensity in 1989.

Source FallDF Seasonal Management Total
MS

Blocks 2 461310 125030 192770
Frequency (F) 2 416920** 4441400** 5775200**
Intensity (I) 2 4959500** 4200000** 855650*
F x l 4 620540* 684780* 2157100**
Residual 16 137630 190000 171750
*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 45. Mean Squares (MS) and Degrees of Freedom (DF) for Spredor II and Maxim alfalfa
forage yields at Kalispell as affected by harvest treatments in 1988.

Fall
Seasonal Management Total

Source DF Spredor ]Cl Maxim Spredor II Maxim Spredor II Maxim

Blocks 3 113740 316470 305030
MS

109050 562120 795990Treatments 12 12569000** 24211000** 14092000** 10814000** 16910000** 29619000**Residual 36 286290 133430 161940 103740 454600 280000
*,** significant at P = 0.05 and P = 0.01 , respectively « ro



Table 46. Mean Squares (MS) and Degrees of Freedom (DF) for Kalispell forage
yields as affected by harvest frequency and intensity in 1988.

Source DF Seasonal
Fall

Management Total

Blocks 
Cultr^r (C)

3 375440
--------  MS --------

328970 836790
I 5661100** 7129700* 25496000**

Wholepiot Error 3 118210 267370 614320
Frequency (F) 2 2271000** 65934000** 58194000**
Intensity (I) 2 29368000** 50103000** 4416300**
C x F 2 195240 753940** 225140
C x I 2 197080 1424200** 2293500**
F x I 4 7457900** 3145700** 1647500**
C x F x I 4 1629000** 786060** 412810 .
Residual 48 172870 118650 347870
*,** Significant at P = 0.05 and P = 0.01, respectively.

Table 47. Mean Squares (MS) and Degrees of Freedom (DF) for residual Maxim alfalfa 
forage yields as affected by harvest treatments at Bozeman in 1989.

Fall
Source DF - July 6 August I Management Total

Blocks 2
Treatment 12
Residual 24

--- :------------------- MS --------------------------
128700 621940 3427900 " 19322000

1339300** 137170 761670 5035500*
414170 103720 519680 2269200

*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 48. Mean Squares (MS) and Degrees of Freedom (DF) for residual Maxim 
alfalfa forage yields as affected by harvest frequency and intensity at Bozeman 
in 1989.

Source
Fall

DF July 6 August I Management Total
MS

Block 2 2282300 582760 2541600 14681000
Frequency (F) 2 3013600** 400120 1956700* 13985000*
Intensity (I) 2 1265300 137310 1222600 6604100
F x I 4 434780 70898 460610 1928100
Residual 16 438790 115330 537080 2420000
*, ** Significant at P ?= 0.05 and P = 0.01, respectively.

Table 49. Mean Squares (MS) and Degrees of Freedom (DF) for 
residual Spredor II forage yields as affected by harvest 
treatments at Kalispell in 1989.

Source DF
Fall

July 27 Management Total

Blocks 2 
Treatments 12 
Residual 24

-------- ------------ MS ------------------
79046 1313900 1558400
365260 232520** 453240*
188420 39911 149650

*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 50. Mean Squares (MS) and Degrees of Freedom (DF) for residual
Maxim alfalfa forage yields as affected by harvest treatments at
Kalispell in 1989.

Fall
Source DF July 27 Management Total

MS
Blocks 2 953620 169600 326590
Treatments 12 325150* 112810** 459250*
Residual 24 128810 31203 167650
*,** Significant at P = 0.05 and P = O .01, respectively.
Table 51. Mean Squares (MS) and Degrees of Freedom (DF) for residual
alfalfa forage yields ;as affected by cultivars, harvest frequency and
intensity at Kalispell in 1989.

Fall
Source DF July 27 Management Total

JYLo
Blocks 2 104450 727660 599340
Cultivar (C) I 826630 2734500 6568000*
Whole Plot Error 2 173700 579660 270290
Frequency (F) 2 112660 436370** 560110*
Intensity (I) 2 307890 260190** 406850
C x F 2 227490 82166 257810
C x I 2 150160 20702 245410
F x I 4 664700** 147200** 861810**
C x F x I 4 473780** 2299 489730*
Residual 32 97472 32102 125210
*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 5 2; Mean Squares (MS) and Degrees of Freedom (DF) for May plant
heights as affected by harvest treatments at Bozeman.

May May
1988 1989

Source DF Maxim Spredor II Maxim

Blocks 2 2.01
J r l o
2.06 57.30

Treatments 12 46.45** 11.85 8.77
Residual 24 3.81 8.15 21.85
** Significant at P = 0.01.
Table 53. Mean Squares (MS) and Degrees of Freedom (DF) for May plant 
heights as affected by cultivars, harvest frequency and intensity at Bozeman.

Source DF
1988

Source DF
May
1989Maxim

MS MS
Blocks 2 5.77 Blocks 2 50.17Frequency (F) 2 140.70** Cultivar (C) I 240.67**Intensity (I) 2 81.29** Frequency (F) 2 0.13
F x I 4 12.20* Intensity (I) 2 2.48
Residual 16 3.13 C x F 2 1.36

C x I 2 33.74
F x I 4 10.37
C x F x I 4 8.74
Residual 34 13.35

*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 54. Mean Squares (MS) and Degrees of Freedom (DF) for May plant
heights as affected by harvest treatments at Kalispell.

May - 1988 May ^ 1989
Source DF Spredor II DF Spredor II Maxim

Blocks 3
MS
26.07 2

— —  ---- MS -
491.56 26.64Treatments 11 15.64** 12 75.69* 51.30*

Residual 33 3.64 24 33.23 17.67
*,** Significant at P = 0.05 and P = 0.01, respectively.

92
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Table 55. Mean Squares (MS) and Degrees of Freedom (DF) for May plant
heights as affected by harvest treatments at Kalispell.

May - 1988--------- May
Source DF Spredor II Source DF 1989

MS MSBlocks 3 17.07 Blocks 2 138.74
Frequency (F) 2 12.58* Cultivar (C) I 613.41
Intensity (I) 2 46.33** Whole Plot Err. 2 338.07F x I 4 6.92
Residual 24 3.5 Frequency (F) 2 31.13

Intensity (I) 2 185.41** i — i
T O

C x F 2 93.46*
C x I 2 98.74*
F x I 4 20.38
C x F x I 4 11.88
Residual 32 26.57

*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 56. Mean Squares (MS) and Degrees of Freedom (DF) for TNG as affected by
harvest treatments at Bozeman.

Spredor II Maxim
1988 1989 1988

Source DF Aug. Oct. Aug. Sept. Aug. Oct.
MS

Blocks 2 0.27 51.01 20.47 2.56 1.48 69.10
Treatments 12 72.10* 19.58 37.43** 12.19* 83.58* 46.77Residual 24 25.24 12.32 8.60 5.39 29.98 36.24
*,** Significant at P = 0.05 and P 0.01, respectively rooo



Table 57. Mean Squares (MS) and Degrees of Freedom (DF) for TNC as affected by
cultivars, harvest frequency and intensity at Bozeman.

1988 1989
Source DF Aug. Oct Source DF Aug. Oct.

MS ------ -----  MS
Blocks 2 5.01 25.49 Blocks 2 4.95 1.21
Cultivar (C) I 29.94 0.11 Frequency (F) 2 40.86** 7.72Frequency (F) 2 326.23** 72.14** Intensity (I) 2 17.13 36.26*
Intensity (I) 2 281.92** 45.83* F x I 4 3.92 4.22C x F 2 75.14 0.58 Residual 16 5.20 6.83C x I 2 11.45 16.43
F x I 4 17.24 4.77
C x F x I 4 3.66 16.60 h-tResidual 34 24.83 11.44 . roLO
*,** Significant at P = 0.05 and P = 0.01, respectively.
Table 58. Mean Squares (MS) and Degrees of Freedom (DF) for 
TNC as affected by harvest treatments at Kalispell.

Spredor II 
19.88

Maxim
1988

Source DF Aug. Oct. Aug. Oct

Block
Treatment
Residual

3
12
36

18.35
211.78**

8.26

MG ■
8.89
17.06**
5.40

60.81138.39**
24.38

57.89
9.51
11.24

** Significant at P = 0.01.



T a b l e  5 9 .  Mean Squares (MS) and Degrees of Freedom (DF) 
for TNC as affected by cultivars, harvest frequency and 
intensity at Kalispell.

1988
Source DF Aug. Oct.

Blocks 3
-------- MS -

4.63 13.51
Cultivars (C) I 123.85 17.68Whole Plot Error 3 72.21 39.18
Frequency (F) 2 649.59** 30.65*
Intensity (I) 2 416.03** 24.18*C x F 2 28.72 2.47
C x I 2 8.47 . 9.70
F x I 4 46.28* 5.94
C x F x I 4 7.55 9.85
Residual 48 16.58 6.22
*,** Significant at P = 0.05 and P = 0.01, respectively
Table 60. Mean Squares (MS) and Degrees of Freedom (DF) for 
Spredor II occupancy counts as affected by harvest treatments 
at Bozemart.

1988 1989
Source DF Aug. May

Block 2 6.26
----- MS -

0.69
Treatment 12 3.28 4.83
Resdual 24 3.12 3.25

Aug.

7.92
10.47
6.12



Table 61. Mean Squares (MS) and Degrees of Freedom (DF) for Maxim occupancy
counts as affected by harvest treatments at Bozeman.

1988 1989
Source DF May Aug. May Aug.

MS
Block 2 2.?7 4.69 143.15 62.87
Treatment 12 10.47* 3.34* 54.29 37.31
Residual 24 4.02 1.14 45.88 32.96
* Significant at P = 0.05.

Table 62. Mean Squares (MS) and Degrees of Freedom (DF) for occupancy counts as 
affected by cultivars, harvest frequency and intensity at Bozeman.

May - 1988 1988 1989
Source DF Maxim Source DF Oct. May Sept.

MS --- MS —
Block 2 8.78 Block 2 4.67 100.72 71.17Frequency (F) 2 0.78 Cultivar (C) I 12.52** 73.50 124.52**Intensity (I) 2 0.11 Frequency (F) 2 4.39 71.17 15.06F x I 4 3.89* Intensity (I) 2 0.39 34.67 15.17Residual - 16 1.19 C x F 2 0.35 32.72 32.57

C x I 2 5.24* 12.67 6.69F x I 4 0.44 24.42 15.89C x F x I 4 2.41 17.81 21.07Residual 34 1.53 24.84 16.11
*,** Significant at P = 0.05 and P 0.01, respectively.



Table 63. Mean Squares (MS) and Degrees of Freedom (DF) for Kalispell occupancy as
affected by harvest treatments.

1989
May - 1988 Spredor II Maxim

Source DF Spredor II May Sept. May Sept.

Block 3
MS

3529.60 785.33 397.72
MS --------- -—

2694.50 151.49
Treatment 12 120.74 169.01 94.42* 627.49** 62.71
Residual 36 113.36 164.61 42.91 154.27 70.52
*,** Significant at P = 0.05 and P = 0.01, respectively W

PO



Table 64. Mean Squares (MS) and Degrees of Freedom (DF) for Kalispell occupancy as
affected by cultivars, harvest frequency and intensity.

May - 1988 1989
Source DF Spredor II Source DF May Sept.

MS MS ------
Block 3 3027.70 Block 2 396.17 338.69
Frequency (F) 2 223.00 Cultivar (C) I 824.46 8613.40**
Intensity (I) 2 52.75 Whole Plot Error 2 1439.10 55.24
F x l 4 37.75
Residual 24 110.80 Frequency (F) 2 48.22 113.69Intensity (I) 2 425.39 157.02C x F 2 373.85 45.91C x I 2 154.80 2.57F x I 4 190.86 12.71C X F X I 4 112.27 53.49

Residual 32 155.59 70.90
** Significant at P = 0.01.
Table 65. Mean Squares (MS) and Degrees of Freedom (DF) for Spredpr II root 
diameters as affected by harvest treatments at Bozeman in 1988.

Crowrt 5 cm 2 0 cm Mean
Source DF Aug. Oct. Aug. Oct. Aug. Oct. Aug. Oct.

------- -------------------- — -- MS ---------------------------
2 21.15 12.78 2.60 3.57 1.44 1.25 5.58 4.56 
12 3.78 3.42 1.41 3.25 1.28 1.93 1.56 2.00 
24 6.68 4.03 2.27 3.50 1.17 1.35 2.36 ,2.11

Block
Treatment
Residual



Table 66. Mean Squares (MS) and Degrees of Freedom (DF) for Maxim root
diameters as affected by harvest treatments at Bozeman in 1988.

Crown 5 cm 20 cm Mean
Source DF Aug. Oct. Aug. Oct. Aug. Oct. Aug. Oct.

MS
Block 2 2.45 3.94 0.57 0.33** 0.28 0.11 0.79 0.57
Treatment 12 7.18 6.87 5.11 4.21 1.24 3.63** 3.17 4.31*
Residual 24 3.68 3.67 1.93 1.21 0.88 1.06 1.65 1.52
*>** Significant at P = 0.05 and P = 0.01, respectively.

F-«Co4*

T a b l e  67. Mean Squares (MS) and Degrees of Freedom (DF) for Spredor II root 
diameters as affected by harvest treatments at Bozeman in 1989.

Crown 5 cm 20 cm Mean
Source DF Aug. Sept. Aug. Sept. Aug. Sept. Aug. Sept.

MS
Block 2 4.08 1.43 3.46 0.50 5.18 0.15 3.54 -0.49
Treatment 12 3.96* 2.92 1.65* 1.79 1.14 0.73 1.71* 1.54
Residual 24 1.73 2.61 0.62 1.43 0.80 0.83 0.58 1.48
* Significant at P = 0.05.



Table 69. Mean Squares (MS) and Degrees of Freedom (DF) for root diameters as
affected by cultivars, harvest frequency and intensity at Bozeman in 1988.

Crown 5 cm 20 cm Mean
Source DF Aug. Oct. Aug. Oct. Aug. Oct. Aug. Oct.

MS
Block 2 15.44 10.56 3.17 1.06 1.16 0.34 4.95 2.38
Cultivar (C) I 11.39 2.00 1.47 1.93 0.74 2.58 3.28 2.04Frequency (F) 2 12.23 5.71 4.83 9.91** 2.31 8.52** 5.76 7.87*Intensity (I) 2 0.89 5.73 0.94 3.55 0.57 1.70 0.77 3.43C x F 2 6.45 7.67 2.32 3.38 1.10 0.40 2.95 2.80C x I 2 2.98 0.92 2.11 1.56 0.11 8.85** 1.30 2.91F x I 4 1.50 1.68 0.97 1.56 0.38 0.95 0.40 1.27C x F x I 4 3.53 7.19 1.69 4.19* 0.75 2.50 1.52 3.64Residual 34 5.05 3.70 1.95 1.28 0.98 1.19 1.90 1.50
*,** Significant at P = 0.05 and P = 0.01, respectively.
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Table 69. Mean Squares (MS) and Degrees of Freedom (DF) for Spredor II root
diameters as affected by harvest frequency and intensity at Bozeman in 1989.

Crown 5 cm 20 cm Mean
Source Aug. Sept. Aug. Sept. Aug. Sept. Aug. Sept.

MS
Block 2 5.65 1.36 3.01 0.87 4.35 0.70 3.58 0.95
Frequency (F) 2 10.90** 6.33 2.24* 2.80 1.17 1.59 3.60** 3.29
Intensity (I) 2 0.57 0.64 0.05 0.52 0.65 0.13 0.03 0.39
F x I 4 2.26 1.88 1.20 0.44 1.38 0.05 1.20 0.54
Residual 16 1.64 1.85 0.58 0.81 1.03 0.54 0.54 0.92
*,** Significant at P = 0.05 and P = 0.01, respectively.

T a b l e  70. Mean Squares (MS) and Degrees of Freedom (DF) for Spredor II root 
diameters as affected by harvest treatments at Kalispell in 1988.

Crown 5 cm 20 cm Mean
Source DF Aug. . Oct. Aug. Oct. Aug. Oct. Aug. Oct.

MS
Block 3 40.92 10.76 0.56 1.07 0.46 0.80 5.32 2.56
Treatment 12 15.18 14.04** 2.22 2.39** 1.01 1.11* 3.11 3.94**
Residual 36 17.15 4.03 1.39 0.69 0.72 0.45 3.55 0.95
*,** Significant at P = 0.05 and P = 0.01, respectively.



Table 71. Mean Squares (MS) and Degrees of Freedom (DF) for Maxim root diameters
as affected by harvest treatments at Kalispell in 1988.

Source DF
Crown 5 cm 20 cm Mean

Aug. Oct. Aug. Oct. Aug. Oct. Aug. Oct.
■ MS

Block 3 19.96 1.23 3.98 0.17 4.57 1.12 5.84 0.20
Treatment 12 43.88** 4.38 5.88** 0.39 2.30** 0; 91* 11.42** 0.99
Residual 36 8.24 6.92 1.00 0.61 0.53 0.38 1.69 1.39
*,** Significant at P = 6.05 and P = 0.01, respectively.



Table 72. Mean Squares (MS) and Degrees of Freedom (DF) for root diameters as
affected by cultivars, harvest frequency and intensity at Kalispell in 1988.

Crown 5 cm 20 cm Mean
Source DF Aug. Oct. Aug. Oct. Aug. Oct. Aug. Oct.

MS
Block 3 3.40 5.84 3.36 0.44 4.88 0.45 3.19 4.42
Cultivar (C) I 66.89 7.48 4.91 9.83* 4.01 7.74 1.71 0.19WPEt 3 17.57 1.44 0.31 0.76 0.67 1.00 2.94 3.66
Frequency (F) 2 1.07 2.03 8.76** 1.75 . 3.26** 2.55** 1.55 7.72Intensity (I) 2 0.93 0.28 3.50 0.69 0.86 0.41 1.51 8.49C x F 2 5.90 5.84 1.81 1.10 0.31 1.82* 1.72 1.61
C x I 2 27.56 9.54 4.99* 0.02 3.47** 0.16 9.19* 8.12F x I 4 . 7.90 4.70 0.97 0.04 0.87 0.26 1.86 9.87
C x F x I 4 8.43 3.02 1.02 0.05 0.20 0.13 0.96 8.12
Residual 48 13.58 5.72 1.27 0.59 0.61 0.45 0.84 6.97
*,** Significant at P = 0.05 and P = 0.01, respectively, 
t Whole Plot Error



Table 73. Mean Squares (MS) and Degrees of Freedom (DF) for mean ADF
concentration as affected by harvest treatments in 1988 for Spredor II
and Maxim alfalfa at Bozeman.

Source DF

Concentration
Spredor II Maxim

Seasonalt Totalt Seasonal Total

Block 2 0.51 2.54
- MS -

6.49 9.15
Treatment 12 . 22.20** 17.59** 17.18** 16.03
Residual 24 2.32 2.35 3.86 10.19
** Significant at P = 0.01.
t Seasonal harvesting (May - Aug.).
t Total harvesting (includes seasonal and fall management harvests.
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Table 74. Mean Squares (MS) and Degrees of Freedom (DF) for
mean ADF concentration as affected by cultivars, harvest
frequency and intensity at Bozeman in 1988.

Concentration
Source DF Seasonal? Total?

— ------  MS -
Block 2 0.90 1.33
Cultivar (C) I 2.05* 2.00
Frequency (F) 2 6.96** 99.76**Intensity (I) 2 9.47** 2.82*C x F 2 1.22* 3.77**
C x I 2 0.22 0.13
F x I 4 5.17** 1.76*
C x F x I 4 0.30 1.54
Residual 34 0.35 0.58
*,** Significant at P = 0.05 and P = 0/01, respectively. 
t Seasonal harvesting (May - Aug.).
t Total harvesting (includes seasonal and fall management 

harvests.



Table 75. Mean Squares (MS) and Degrees of Freedom (DF). for mean NDF concentration
as affected by harvest treatments in 1988 for Spredor II and Maxim alfalfa at
Bozeman.

Source DF

Concentration
Spredor II Maxim

Seasonal? Total? Seasonal Total
MS

Block 2 2.64 9.14 14.39 18.16
Treatment 12 34.63** 21.50** 23.11** 14.09
Residual 24 3.10 5.36 7.09 19.78
** Significant at P = 0.01.
t Seasonal harvesting (May - Aug.).
t Total harvesting (includes seasonal and fall management harvests.



Table 76. Mean Squares (MS) and Degrees of Freedom (DF).for
mean NDF concentration as affected by cultivars, harvest
frequency and intensity at Bozeman in 1988.

Concentration
Source DF Seasonal+ Total+
Block 2 0.99 3.33
Cultivar (C) I 6.49** 9.42**
Frequency (F) 2 1.26 64.69**
Intensity (I) 2 18.88** 3.14
C x F 2 2.14 3.64
C x I 2 0.17 0.24
F x I 4 5.64** 2.06
C x F x I 4 0.89 2.31
Residual 34 0.68 1.20
** Significant at P = 0.05.
t Seasonal harvesting (May - Aug.).
t Total harvesting (includes seasonal and fall management

harvests.



Table 77. Mean Squares (MS) and Degrees of Freedom (DF) for mean protein
concentration as affected by harvest treatments in 1988.for Spredor II and Maxim
alfalfa at Bozeman.

Concentration
Spredor II Maxim

Source DF Seasonal! Total! Seasonal Total
MS

Block 2 3.84 6.14 7.02 6.22
Treatment 12 20.46** 24.39** 13.65** 28.52**
Residual 24 1.62 2.16 3.64 4.80
*,** Significant at P = 0.05 and P = Oi01, respectively,
t Seasonal harvesting (May - Aug.).
t Total harvesting (includes seasonal and fall management harvests.



Table 78. Mean Squares (MS) and Degrees of Freedom (DF)
for mean protein concentration as affected by Cultivars,
harvest frequency and intensity at Bozeman in 1988.

Concentration
Source DF Seasonal? Total?

MS
Block 2 2.79 3.76
Cultivar (C) I 0.09 0.42
Frequency (F) 2 15.89** 89.44**
Intensity (I) 2 4.49** 0.22
C x F 2 0.66 0.53
C x I 2 0.84 1.38
F x I 4 0.81 0.07
C x F x I 4 0.22 0.19
Residual 34 0.50 0.61
*,** Significant at P = 0.05 and P = 0.01, respectively.
t Seasonal harvesting (May - Aug.).
? Total harvesting (includes seasonal and fall management

harvests.



Table 79. Mean Squares (MS) and Degrees of Freedom (DF) for mean IVDDM
concentration as affected by harvest treatments in 1988 for Spredor II alfalfa at
Bozeman.

Concentration
Spredor II Maxim

Source DF Seasonalt Totalt Seasonal Total
MS

Block 2 38.41 21.40 79.94 50.19
Treatment 12 77.78* 48.27** 91.50 40.54
Resdual 24 25.86 14.89 63.48 34.82
*,** significant at P = 0.05 and P = 0.01, respectively,
t Seasonal harvesting (May - Aug.).
t Total harvesting (includes, seasonal and fall management harvests.



Table 80. Mean Squares (MS) and Degrees of Freedom (DF)
for mean IVDDM concentration as affected by cultivars,
harvest frequency and intensity at Bozeman in 1988.

Concentration
Source DF Seasonal? Total?

MS
Block 2 5.62 13.35
Cultivar (C) I 0.59 6.77
Frequency (F) 2 34.25** 39.10**
Intensity (I) 2 29.00** 3.57
C x F 2 2.46 0.20
C x I 2 4.47 9.32
F x I 4 2.80 3.44
C X F x I 4 1.52 1.01
Residual 34 1.84 3.56
*,** Significant at P = 0.05 and P = 0.01, respectively,
t Seasonal harvesting (May - Aug.).
t Total harvesting (includes seasonal and fall management

harvests.
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APPENDIX D

ANALYZING TOTAL NONSTRUCTURAL CARBOHYDRATES

I



I

Table 81. Procedure used to analyze total nonstructural. 
carbohydrates from alfalfa root tissue.

1. Weigh a 200 mg finely ground (through 0.5 mm mesh 
sieve) sample into a 125 ml Erlenmeyer flask.

2. Add about 15 ml of distilled water.
3. Boil gently for 5 min. to gelatinize starch.
4. Add 10 ml of Acetate buffer solution (pH 5.1).
5. Add 10 ml of 0.25% Clarase 40,000 enzyme solution.
6. Stopper and incubate for 24 hr at 44°C.

■ I

7. Swirl several times during incubation.
8. Filter through a Whatman No. I filter paper into a 50 . 

ml volumetric flask.
9. Add 2 ml of 10% Lead Acetate solution to volumetric 

flask to precipitate proteins.
10. Bring to volume with distilled water.
11. Invert several times to mix thoroughly and wait one hr.
12. Pipette 2 ml aliquot into a large test tube without 

disturbing protein precipitate.
13. Also prepare two each: I mg fructose blank; 3 mg 

fructose blank; 2 ml enzyme blank; Reagent 50 blank.
14. Bring to 10 ml volume with distilled water.
15. Add 10 ml Reagent 50 to each tube and mix well.

■ I16. Heat 20 min in boiling water bath.
17. Immediately cool below 3O0C.
18. Add 2 ml of potassium iodide/potassium oxalate 

solution.
19. Gentlv add 10 ml I N sulfuric acid.

Mix cautiously.
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Table 81. - continued
21. Add five drops of starch solution as indicator.
22. Titrate with 0.02 N sodium thiosulfate solution.
23. Color changes are black to dark blue to light blue to 

aqua (blue-green).
24. Calculations:a. Standard Net ml titrant = # ml (Reagent 50) - # ml, 

(I mg Fructose).
b. Sample Net ml titrant = # ml (enzyme blank) - # ml 

(plant sample aliquot).
c. Sugar (mg) in sample aliquot =

I mg * (sample net ml titrant)
(fructose net ml titrant)

d. % TNC = # mg sugar * fvol. flask size)i* 100%(aliquot size) sample wt


